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EDITORIAL
Aldona Kubica, Jacek Kubica
Collegium Medicum, Nicolaus Copernicus University, Bydgoszcz, Poland

Functioning in chronic disease — a key
factor determining adherence to heart
failure treatment

Patients with heart failure require long-term medical
treatment [1, 2]. Non-adherence to medication is the
main factor limiting treatment efficacy due to increased
morbidity and mortality [3–9]. Therefore, knowledge of
the true adherence level and understanding the causes
of non-adherence is pivotal [10–12]. Asking patients
is the simplest and most frequently used method of
adherence assessment. However, it has been shown
that the data obtained in this way have limited credibility [13]. The application of dedicated questionnaires
to assess the risk of low adherence may help detect
non-adherence problems [14–19]. The impact of medication on the severity of heart failure symptoms as well
as the occurrence of side effects have been shown to
strongly influence the overall functioning of the patient
with chronic disease [20–23]. On the other hand, the
patient’s perception of the disease and acceptance
of treatment is determined by functioning in the disease, including the quality of life [24–26]. Therefore,
medication efficacy and tolerability are both equally
important [27].
Several ground-breaking trials have formed the basis of current guidelines for the treatment of patients with
heart failure [28–33]. According to the new 2021 ESC
guidelines for the diagnosis and treatment of acute and
chronic HF, the first-line therapy should include four
elements: angiotensin-converting enzyme inhibitors
(ACE-I) or an angiotensin receptor-neprilysin inhibitor
(ARNI), beta-blockers (BB), mineralocorticoid receptor
antagonists (MRA), and sodium-glucose co-transporter
2 inhibitor (SGLT2i) dapagliflozin or empagliflozin, unless the drugs are contraindicated or not tolerated [1].
All these medications are proven to be effective but also
shown to differ concerning tolerability.

The SOLVD trial was the first randomized clinical
study showing reduced mortality and hospitalizations
with ACE-I and enalapril in patients with chronic congestive heart failure and reduced ejection fractions
(HFrEF). However, a significantly higher proportion of
participants assigned to enalapril (28.1%) than those
to placebo (16%) developed side effects (p < 0.0001).
This resulted in the discontinuation of blinded therapy
in 15.2% and 8.6% (p < 0.0001) of participants respectively [28]. The CIBIS-II study was the first large,
randomized study demonstrating a dramatic reduction
in mortality and hospitalization rate with a beta-blocking agent — bisoprolol in comparison to a placebo in
HFrEF patients. Nevertheless, in patients with a heart
rate < 72 beats/min at inclusion, the risk of permanent
bisoprolol withdrawal was 1.97 (1.38–2.80) [29]. The
RALES study was the first to show that the blockade of
aldosterone receptors by spironolactone, in addition
to standard therapy, substantially reduces the risk of
both morbidity and mortality in patients with HFrEF.
However, gynecomastia or breast pain was reported
by 10% of the men in the spironolactone group and 1%
of the men in the placebo group (p < 0.001), causing
more patients in the spironolactone group than in the
placebo group to discontinue treatment (10% vs. 1%,
p = 0.006) [30]. Similarly, eplerenone, as compared
with placebo, reduced both the risk of death and the
risk of hospitalization among patients with HFrEF, as
shown in the EMPHASIS-HF Study [31]. In contrast to
aldosterone, treatment with eplerenone was associated
with a slightly lower incidence of adverse events leading
to study drug withdrawal in comparison to placebo
(13.8% vs. 16.2%; p = 0.09), albeit hyperkalaemia
occurred more often in patients receiving eplerenone
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(8.0% vs. 3.7%; p < 0.001) [31]. In the PARADIGM-HF
trial, sacubitril/valsartan (ARNI) reduced morbidity and
mortality compared to enalapril in patients with chronic
HFrEF [32]. As such, ARNI has been recommended
as a more effective alternative to an ACE-I inhibitor
to be used in conjunction with other evidence-based
treatments for this type of heart failure. Slightly fewer
patients in the sacubitril/valsartan group than in the
enalapril (previously shown to be poorly tolerated)
group stopped their study medication because of an
adverse event (10.7% vs. 12.3%, p = 0.03) or because
of renal impairment (0.7% vs. 1.4%, p = 0.002), but yet
patients in the sacubitril/valsartan group were more
likely than those in the enalapril group to have symptomatic hypotension [32].
Two randomized clinical trials testing SGLT2 inhibitors, dapagliflozin (DAPA-HF) and empagliflozin (EMPEROR – Reduced) in comparison to the placebo, both
shown to improve clinical outcomes reducing the risks
of death and hospitalization for heart failure in patients
with HFrEF [33–35]. Both of these studies consistently
showed that the incidence of side effects and the rate of
therapy discontinuation were lower in patients receiving
SGLT2i compared to placebo, although the differences
were not statistically significant [33, 34]. Moreover, treatment with dapagliflozin as well as with empagliflozin was
associated with improvement in HF-related symptoms,
function, and quality of life [33–38].
The impact of the disease essentially covers all
areas of human functioning, including physical activity,
the emotional and spiritual sphere, and functioning
in society. The functioning limitation of patients with
heart failure results in lower self-value perception,
deterioration in well-being, and an increase in anxiety
and uncertainty about the future. Therefore, a comprehensive assessment of the effectiveness of therapy in
patients with HFrEF should include a comprehensive
assessment of functioning in chronic disease [39–41].
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ABSTRACT

Aldona Kubica, Department of Health
Promotion, Collegium Medicum,
Nicolaus Copernicus University,
Bydgoszcz, Poland;
e-mail: akubica@cm.umk.pl

A substantial proportion of the COVID-19 survivors require the physical and mental support due to the
post COVID-19 syndrome. In response to this demand a comprehensive rehabilitation program tailored
to the individual needs has been developed. The program is linked with a Post-COVID-19 Rehabilitation
(PCR-SIRIO 8) study that aims to objectively evaluate the outcomes of the post-COVID-19 rehabilitation.
The study was designed as a prospective, single-center, observational study involving patients suffering
from post-COVID-19 syndrome. Patients meeting the inclusion criteria are invited for an initial visit including
medical and physiotherapeutic examination. Rehabilitation program includes physical training, therapeutic
education, and psychotherapeutic workshops. Individual psychotherapeutic, educational and medical
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visits are carried out additionally depending on the patient’s needs. Closing visit evaluates individual
effects of the rehabilitation program.
We believe that our observational study will provide knowledge necessary to optimize post-COVID-19
rehabilitation.
Key words: COVID-19, rehabilitation
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Introduction
In late 2019 a highly pathogenic novel coronavirus
of severe acute respiratory syndrome (SARS-CoV-2)
emerged, causing a global pandemic of coronavirus
disease-2019 (COVID-19). This new hitherto unknown
disease, has had a huge devastating impact on the
lives of individuals and entire societies [1–12]. There
are three stages of the COVID-19:
— up to 4 weeks — acute phase;
— between 4–12 weeks — phase of persistent symptoms closely related to the clinical course of the
SARS-CoV-2 infection;
— over 12-weeks — the chronic phase, often defined
as the post COVID-19 syndrome — the symptoms
that developed during the acute phase of infection
take a chronic course with no other clinical justification for other accompanying diseases [13].

The last two phases are referred to post active phase
of infection syndrome (post COVID-19 syndrome). It
should be emphasized that the course of the acute
phase of SARS-CoV-2 infection does not determine the
course of the recovery period and the risk of the post
COVID-19 syndrome [14]. While the symptoms that
appear in the acute phase of the SARS-CoV-2 infection
are relatively homogeneous, the clinical presentation of
the post COVID-19 syndrome is diverse [13]. The most
common symptoms include:
— respiratory symptoms: shortness of breath, cough,
sputum production;
— cardiovascular symptoms: chest pain, arrhythmias,
heart failure;
— general symptoms: chronic fatigue, fever, non-specific pain complaints (e.g. joint pain, muscle pain,
headache), gastric disorders, nausea, cognitive
disorders (mainly in the field of basic operational
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functions, the so-called “brain fog”), memory and
concentration disorders, sleep disorders (shallowing
and fragmentation), symptoms of peripheral neuropathy, mental disorders (anxiety, depression) [13, 14].
A substantial proportion of the COVID-19 survivors develop symptoms of the post COVID-19 syndrome during their convalescence [15]. In order to
return to normal life, work and routine activities, postCOVID-19 convalescents need support both in the physical and mental spheres. In response to this demand, we
have developed a comprehensive post-COVID-19 rehabilitation program tailored to the individual needs. The
program is linked with a Post-COVID-19 Rehabilitation
(PCR-SIRIO 8) study that aims to objectively evaluate
the outcomes of the post-COVID-19 rehabilitation.

Material and methods
The study was designed as a prospective, single-center, observational study involving patients suffering from
post-COVID-19 syndrome who undergo a dedicated
multidisciplinary outpatient rehabilitation program in Dr.
Antoni Jurasz University Hospital No.1 in Bydgoszcz,
Collegium Medicum, Nicolaus Copernicus University,
Poland. The study protocol was approved by the Ethics
Committee of the Collegium Medicum, Nicolaus Copernicus University (approval number KB 414/2021). All
patients in our post-COVID-19 rehabilitation program
who give their informed consent are enrolled in the study.
The post-COVID-19 rehabilitation program is individualized depending on the respiratory and cardiovascular capacity and the profile of neuropsychiatric
disorders assessed at the initial visit. We assume that
such strategy allows to obtain optimal benefits. The
aims of the program include:
— improvement of exercise capacity;
— improvement of respiratory efficiency and muscle strength;
— improvement of overall physical fitness;
— improvement of neurocognitive functions;
— mental health support;
— comprehensive health education.
The inclusion criteria to the post-COVID-19 rehabilitation program are based on the characteristics of the
reported symptoms, their severity and the period that
has elapsed since the COVID-19 diagnosis.
The inclusion criteria:
Up to 12 months after termination of diagnosis of
the COVID-19 and any of the following:
— at least slight functional limitations diagnosed with
the use of the Post-COVID-19 Functional Status
(PCFS) scale (score > 1);
— decrease of muscle strength according to the
Medical Research Council (MRC) scale for muscle
strength > 1;

— severity of dyspnea according to the modified MRC
(mMRC) dyspone scale > 2.
The exclusion criteria:
The severity of symptoms that prevent patients
from functioning independently in the physical and/or
mental sphere.

Protocol of the PCRP-SIRIO 8 study
The COVID-19 survivors meeting the inclusion criteria are invited for an initial visit including medical and
physiotherapeutic examination to exclude contraindications to the rehabilitation program (Fig. 1). Patients
who gave written informed consent are included in
the study. Baseline study evaluation includes: body
composition assessment, ergospirometry, assessment
of patients’ functioning (FCIS, Functioning in Chronic
Disease Scale), quality of live evaluation (Heart QoL),
assessment of adherence to dietary recommendations
(ACDS Diet, Adherence in Chronic Diseases Scale Diet)
and laboratory tests: complete blood count, glucose,
sodium, potassium, creatinine, estimated glomerular
filtration rate, C-reactive protein, N-terminal pro-brain
natriuretic peptide, thyroid stimulating hormone)
[16–24]. The following scales and tests are used in
baseline physioterapeutic study assessment: muscle
strength testing (MRC scale for muscle strength),
assessment of the perceived exertion (Borg scale),
fatigue assessment (MFIS, Modified Fatigue Impact
Scale), dyspnea assessment (mMRC dyspnoe scale),
respiratory pattern assessment, assessment of the
exercise tolerance (6MWT, 6 Minute Walk Test; ISWT,
Incremental Shuttle Walk Test; 30CST, 30 second Chair
Stand Test), physical fitness assessment (SPPB test,
Short Physical Performance Battery test). Therapeutic
visits, including physical training and therapeutic education (topics: What is dyspnea and how can I deal with
it?; How can I deal with Chronic Fatigue Syndrome?;
Learning of physical activity planning; Dietary recommendations for patients after COVID-19; Self-assessment of the respiratory system; Smoking and the
respiratory system; Inhalation learning; Learning of
breathing exercises; Learning to cough effectively; Take
care of your heart) take place three times a week, and
psychotherapeutic workshops (topics: Anxiety disorders and depression — does it affect me?; How can
I cope with stress?; Memory and attention exercises)
are performed once a week for 6 weeks. Moreover,
individual psychotherapy, education and medical visits
are carried out additionally depending on the patient’s
needs [25–34]. Closing visit evaluates individual effects
of the rehabilitation program applying body composition assessment, ergospirometry, FCIS, ACDS Diet
and Heart QoL, muscle strength testing, Borg scale,
MFIS, mMRC dyspnoe scale, 6MWT, ISWT, 30CST,
SPPB test (Fig. 1).
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Figure 1. The PCR-SIRIO 8 study flow chart

Discussion
According to the Stanford Hall consensus statement
for post-COVID-19 rehabilitation in UK up to 50% of hospitalized patients with COVID-19 may require ongoing
care with the goal of improving long-term outcomes
[35]. The British Society of Rehabilitation Medicine
has developed a position statement that includes the
rehabilitation care pathways and coordinated networks
that will be required following the COVID-19 pandemic
[36]. Following recommendations contained in both
documents we developed a patient-centred and tailored
to individual patient’s needs rehabilitation program. Taking into account physical, cognitive and psychological
issues related to the post-COVID-19 syndrome a holistic approach to managing these issues was planned
[15]. In line with our previous experience education
of patients is a key part in our rehabilitation programs
[20, 27, 28]. Unfortunately, there is sparse evidence
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on results of rehabilitation in post-COVID-19 patients,
therefore we applied objective measures to evaluate
results of our rehabilitation program. We believe that our
observational study will provide knowledge necessary
to optimize post-COVID-19 rehabilitation.
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Introduction: The aim of the study was to assess the knowledge of the procedure for clearing the respiratory

tract and updated qualified first aid (QFA) 1a and 2a procedures by firefighters serving in State Fire Service
(SFS) rescue and firefighting units, and their knowledge of the transmission of the SARS-CoV-2 virus.
Material and methods: The cross-sectional study covered 19 408 firefighters (officers serving in SFS rescue

and firefighting units from all over Poland). The study was conducted using the diagnostic survey method, the Computer Assisted Web Interview (CAWI) technique consisting of a set of particulars regarding
a specific officer and the appropriate medical part of the survey.
Results: In the group of 19,408 respondents, 99.31% were men (n = 19,275), while women accounted for

0.69% (n = 133; p < 0.001). The age of the respondents was in the range of 18–66 years, and the average
age was 35.88 ± 7.14 years. The length of service was 11.95 ± 6.44 years. The knowledge of procedures
1a and 2a declared by the respondents [OR = 1.51 (95% CI: 1.22–1.86), x2 = 14.76], the ability to operate
a suction unit [OR = 1.73 (95% CI: 1.44–2.08, x2 = 34.58)], the frequency of airway clearance training (p <
< 0.001, x2 = 61.74). Only 15% of respondents used a suction unit on an injured person during operations.
Conclusions: The knowledge of firefighters in the subject matter covered by the analysis is diverse, some
Medical Research Journal 2022;
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10.5603/MRJ.a2022.0049
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ISSN 2451-2591
e-ISSN 2451-4101

firefighters have additional experience and practice from working in health care units. Professional development in the field of QFA supplemented with procedures 1a and 2a may translate into a lower risk of infection
associated with airway clearing in the era of the pandemic. There is a visible need for constant training of
SFS officers in terms of medical activities to maintain the knowledge of firefighters at a high initial level.
Key words: Airway clearance, SARS-CoV-2 biological hazard, State Fire Service, rescue and firefighting units
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Introduction
Maintaining airways in pre-hospital conditions is
a key element of rescue operations for unconscious
victims, determines the effectiveness of actions

and affects further prognosis. The effectiveness of
this part of rescue operations allows for the implementation of further elements of pre-hospital care,
improving the prognosis of victims in a life-threatening state.
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Methods of airway clearance and effective resuscitation in the event of out-of-hospital cardiac arrest
(OHCA) are recommended and published periodically
in the form of guidelines and updates by the European
Resuscitation Council (ERC), the American Heart Association (AHA) [1].
In emergency medical services, two methods of
airway clearance are distinguished: instrumentless
(bending the head and lifting the mandible or manual
efforts to extend the mandible upwards), and with
instrumentation, i.e. using specialized medical equipment (oropharyngeal tubes, laryngeal masks, laryngeal
tubes, intubation tubes, suction units) [2].
Medical activities undertaken by firefighters are
regulated by the Rules of the Organization of Medical
Rescue in the National Rescue and Firefighting System
(NRFS), the last update of which was carried out in
June 2021. These principles (the main document and
11 annexes) define medical rescue in the professional
structures of firefighters, i.e. the State Fire Service
(SFS) and firefighters of the Volunteer Fire Brigades
(OSP). Firefighters conduct medical rescue operations (MRO) on two levels. The basic level includes
qualified first aid (QFA) procedures. At the advanced
level, firefighters carry out health services other than
medical rescue activities, going beyond the QFA procedures [3, 4].
In more difficult medical emergencies, firefighters
should clear or maintain the airway. They can do this
without instruments, manually. However, greater effectiveness of actions in maintaining the airway clearance
of the injured person is obtained by using appropriate
equipment available to them, e.g. suction units or supraglottic airway devices (SAD) [5].
Since March 2020, the biological threat of the SARSCoV-2 virus has been an additional challenge during
all medical activities, regardless of the level. The time
of the pandemic has brought with it many new challenges in the daily practice of rescue units. The risk
associated with working directly with a patient with the
SARS-CoV-2 virus causing COVID-19, fear of infection,
unpredictability of events, fears in the performance of
normal professional duties are variable elements of work
that rescue entities must face.
The greatest risk is posed by people who are infected, during the incubation period, spreading the virus
shortly before the first clinical symptoms. Infected but
asymptomatic people are also a big threat. According
to the estimated data provided by the World Health
Organization (WHO), the average rate for asymptomatic
and oligosymptomatic patients is 80%, for people with
mild symptoms — 15%, for people with severe symptoms — 5%. The mortality rate for the entire population
in the course of COVID-19 is at the level of 3–4% and
differs in values in individual countries [6, 7].

When providing medical assistance, firefighters do
not know whether the patient is infected with SARS-CoV-2, especially when clear symptoms are imperceptible. In many cases, the interview with the injured
person or direct witnesses of the event is inaccurate, uncertain, and unreliable. An additional difficulty and risk
for firefighters is the fact that about 20–30% of people
undergo SARS-CoV-2 infections asymptomatically, or
oligosymptomatically, as demonstrated by population
seroprevalence studies showing an estimated number
of asymptomatic people expressed as a percentage of
the population [8].
Emergency responders during medical operations
should take appropriate safety measures in accordance
with procedures. Even a patient who is conscious and
does not report any ailments and disturbing symptoms
suggestive of infection during the intervention may be
an infectious patient (be during the incubation period
of SARS-CoV-2 infection). All QFA procedures related to oxygen therapy and airways require increased
rescuer precautions, adequate self-protection, and
adequate knowledge. The rules of the organization of
medical rescue in the CRSG refer to such situations
(intervention with increased biological risk) in the form
of procedures 1a and 2a, which are an extension of procedures 1 and 2 in connection with the epidemic threat
of SARS-CoV-2. The aim of the authors was to check
the knowledge of the SFS officers directly involved in
the activities with the participation of injured persons
about the above-mentioned procedures [9].
The content added to procedure 1, related to the
risk of SARS-CoV-2 transmission, is: ‘mouth and nose
covering with a surgical mask’, while content added
to procedure 2 is: ‘airway opening mechanism dependent on the event’ at the airway clearance assessment
stage, and ‘breath assessment by chest or abdominal
observation’ at the breath assessment stage. All shifts
in SFS units throughout Poland were familiarized with
the new rules within one month of their introduction [3].

Aim of the study
The aim of the study was to assess the knowledge
of the procedure for clearing the respiratory tract and
updated qualified first aid (QFA) 1a and 2a procedures
by firefighters serving in State Fire Service (SFS) rescue and firefighting units, and their knowledge of the
transmission of the SARS-CoV-2 virus.

Material and methods
Research using the diagnostic survey method,
using the online survey technique, was carried out on
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1–14 December 2021. 19,408 officers were qualified for
the analysis, who correctly filled out and completed the
questionnaire. The study did not include firefighters who
were on longer leave or sick leave during the period in
which the survey was active in the system and could
not complete the survey on the company computer. The
research tool was the author’s own online questionnaire
Computer Assisted Web Interview (CAWI). The survey
was made available to respondents online using the
SFS’s Main Headquarters (MG) survey system, thanks
to which it reached each unit, each work shift. The
well-functioning internal SFS system provided a large
number of respondents in a short time. The firefighters
filled the questionnaire on the company computers
during the service (training classes).
The questionnaire consisted of a set of particulars outlining the profile of a specific officer and the
substantive (medical) part of the questionnaire. The
questionnaire was based on a 5-point VAS scale, Likert
scale, MCQ and TFQ questions. The questions included
knowledge of QFA procedures for airway clearance
and the associated biological hazards (e.g. the risk of
SARS-CoV-2 transmission).
The study results were statistically analysed. The
survey was prepared as fully anonymous, and participation in the survey was voluntary, about which the
respondents were informed. On November 25, 2021,
the consent of the Deputy Chief Commander of the SFS
was obtained to conduct a survey in the population of
firefighters from firefighting and rescue units from all
over Poland. The actual study was preceded by a pilot
study on 23–24 November 2021 with three randomly
selected SFS units from the Mazowieckie Voivodeship.
There were no changes between the pilot version and
the version made available for the whole of Poland, and
all the questions turned out to be clear and understandable. The relevance of the original content was based
on the assessment of the methods used to estimate the
relevance of the content [10]. All changes, corrections
and the final version of the survey for respondents
were approved during the consultation phase of the
research team.

Data analysis
All calculations were performed using STATISTICA
software version 13.3 (Tibco Software Inc. Palo Alto,
California, United States). The collected data after
initial processing in MS Excel (Microsoft Corporation,
Albuquerque, New Mexico, United States) was searched
for unusual and erroneous records and cleaned up with
automatic data analysis tools.
Descriptive statistics were used to present quantitative and categorical (order and nominal) variables. The
following measures were determined to describe quan-
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titative variables: mean (M) and standard deviation (SD).
However, the number (N) and frequency (%) were used
to describe categorical variables.
In order to determine what features determine the
knowledge of QFA procedures, an analysis of cross
tables was performed with the calculation of the Pearson
chi-square test. In the case of dichotomous variables,
an additional odds ratio (OR) was determined along
with a 95% confidence interval (CI). The testing of null
hypotheses was carried out for all analyses with the
assumed a priori level of statistical significance of 0.05.

Test size and power
Organizational structure of SFS in Poland:
— 16 voivodship headquarters (VH SFS);
— 335 poviat (county-level) headquarters (PH), city
headquarters (CH) of the SFS;
— 5 firefighting schools (including 5 firefighting and
rescue SFS);
— Central Museum of Firefighting in Mysłowice;
— Scientific and Research Centre for Fire Protection
National Research Institute SRC-NRI) in Józefów;
— 504 firefighting and rescue SFS units — the survey
was addressed to these entities and personnel
serving at them.
The SFS employs more than 31 000 officers, including almost 6000 in the daily system (8 hours, and more
than 25 000 in the shift system [11]. Thus, the obtained
sample comes from approx. 80% of the population of
firefighters serving in the shift system.

Results
In the group of 19,408 respondents, 99.31% were
men (n = 19,275), while women accounted for 0.69%
(n = 133; p < 0.001; x2 = 4.84). The age of the respondents was in the range of 18–66 years, and the
average age was 35.88 ± 7.14 years. The length of
service was 11.95 ± 6.44 years. A detailed breakdown
of the demographic characteristics of the respondents
is presented in Table 1.
Respondents were asked about the QFA procedure
for dealing with a person suspected of being infected
with an infectious biological agent or a person with
a confirmed infectious biological agent during medical
rescue operations (procedure 1a and 2a). The percentage of officers declaring knowledge of the above-mentioned procedures is 95.00%. In order to verify this
knowledge, further questions were asked, consisting
in indicating the correct method of clearance of airway
obstruction and the method of assessing the patient’s
breathing, in accordance with the above-mentioned
procedures. Statistically significant factors affecting

www.journals.viamedica.pl/medical_research_journal

Łukasz Dudziński et al., Firefighters’ knowledge of procedures performed to person with SARS-CoV-2

Table 1. Demographic characteristics of respondents (n = 19,408)
Characteristics

Value
N

%

133

0.69

19 275

99.31

Gender
Female
Male
Age, years
18–25

1 579

8.14

26–35

7 455

38.41

> 35

10 374

53.45

Secondary education

9 975

51.40

Post-secondary

1 513

7.80

Higher education

7 920

40.81

Village

10 429

53.74

City < 100k

6 094

31.40

City > 100k

2 885

14.87

M

SD

35.88

7.14

M

SD

11.95

6.44

Education

Place of residence

Length of service, years
<5

3 277

16.88

5–15

10 774

55.51

> 15

5 357

27.60

Rescue personnel

5 766

29.71

Commander

6 231

32.11

Driver

7 411

38.19

No

17 652

90.95

Yes

1 756

9.05

Before 01 March 2020

11 338

58.42

After 01 March 2020

7 289

37.56

781

4.02

Nature of most frequent service

Emergency Responder or Nurse

Last KPP recertification

Exempt from recertification

the correct way of airway clearance and respiratory
assessment were, among others: the nature of the
most frequently performed service (commander,
p < 0.001, x2 = 18.99), education (higher, p < 0.001,
x2 = 13.30), declared knowledge of procedures 1a and
2a [OR = 1.51 (95% CI: 1.22–1.86), x2 = 14.76], declared ability to use a suction unit [OR = 1.73 (95% CI:
1.44–2.08, x2 = 34.58)], and frequency of professional
development in the field of airway clearance (p < 0.001,
x2 = 61.74). The distribution of responses is shown in

Figures 1 and 2. Statistically more often (p < 0.001,
x2 = 26.57), the correct answers to the above questions
were given by people with medical qualifications (paramedic, nurse) than people without such qualifications
[OR = 1.45 (95% CI: 1.26–1.67), x2 = 26.58].
When asked about the frequency of airway clearing
during professional development in SFS firefighting and
rescue units, only 1.47% of respondents say that they
have not practiced airway clearing in the last year. The
remaining percentage of respondents (98.53) declare
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Figure 1. Question: “Indicate the correct way to clear the airways in case of suspected infection with an infectious
biological agent (e.g. SARS-CoV-2 coronavirus)”. Source: own study
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Figure 2. Question: “Indicate the correct way to assess respiration in an unconscious patient suspected of being infected
with an infectious biological agent (e.g. SARS-CoV-2 coronavirus)”. Source: own study

participation in airway clearing exercises in the last year,
while 39.11% declare such exercises at least 10 times
in the last year (Fig. 3).
The majority of respondents (92.27%) at least
once in the last year practiced procedure 1a and 2a
during professional development in at their SFSunit,
but as many as 27.94% declare participation in such
exercises more than 10 times since the beginning of
the SARS-CoV-2 pandemic in Poland. Only 7.73% of
respondents did not practice airway clearing in a patient suspected of being infected with an infectious
biological agent (Fig. 4).
“How many times since the beginning of March
2020 (the beginning of the pandemic in Poland) have
you cleared a patient’s airways during rescue and
firefighting activities?” Slightly more than half of the
respondents (54.77%) did not use the knowledge
acquired during professional development in this field.
The remaining part used the acquired skills in practice
at least once since the beginning of the pandemic in
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Poland, of which 11.56% of respondents did so more
than 5 times (Fig. 5).
7923 respondents stated that they used procedures 1a and 2a during rescue and fire-fighting operations. (Fig. 6)
Questions based on Likert’s 5-point scale asked the
respondents whether, in their opinion, the risk of transmitting the SARS-CoV-2 virus during airway clearing using traditional methods (instrumental, non-instrumental
and suction unit) is greater during the pandemic. The
respondents had the choice of responses in the range
of 1–5 (1 meant a definite lack of risk, 2 slight risk of
infection, 3 no opinion of the respondent, 4 some risk of
infection, 5 a definite risk of infection). Does the use of
personal protective equipment in the form of a protective
mask and a visor (or protective glasses) hinder rescue
operations (1 — definitely does not hinder, 2 — rather
does not hinder, 0 — no opinion, 4 — rather hinders,
5 — definitely hinders) . The distribution of answers to
the above questions is presented in Table 3.
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Figure 3. Question: “How many times per year do you practice airway clearing during your career development at your
SFS unit?”. Source: own study
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Figure 4. Question: “How many times since March 2020 (the beginning of the pandemic in Poland) have you practiced
airway clearing in an unconscious patient with suspected infection with an infectious biological agent (e.g. SARSCoV-2 coronavirus) during professional development at your SFS unit?”. Source: own study
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Figure 5. Question: “How many times since the beginning of March 2020 (the beginning of the pandemic in Poland)
have you cleared an unconscious patient’s airways during rescue and firefighting activities?” Source: own study
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Figure 6. Question: “If you selected an answer other than 0 in the question above, how many times did you use procedure
1a and 2a?”. Source: own study
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Table 2. Distribution of responses on the Likert scale
Question

1
definitely does
not involve

2
rather does
not involve

3
no opinion

4
rather
involves

5
definitely
involves

In your opinion, does airway clearing in a patient
in the era of the pandemic involve the risk of
SARS-CoV-2 infection?

9.12%

19.24%

35.44%

19.52%

16.67%

In your opinion, does airway clearing in a patient
during the pandemic with a suction unit involve
a higher risk of SARS-CoV-2 infection than with
other techniques?

16.79%

27.64%

34.83%

13.24%

7.49%

1 — does not
hinder at all

2

3

4

5 — hinders
substantially

10.92%

19.01%

33.32%

22.40%

14.35%

In your opinion, does the use of personal
protective equipment in the form of a protective
mask and a visor (or protective glasses) hinder
rescue operations?

Only 15% of respondents used a suction unit to
clear the airways of the injured person during rescue
and firefighting activities (Fig. 7). Some firefighters
with medical education work additionally in the State
Emergency Medical Services. In answering this question, firefighters were allowed to use their experience in
medical facilities. The purpose of this question was to
check the general use of the suction unit. The survey
did not specify under what circumstances.
When asked “Do you know how to prepare
a reusable suction unit (contaminated with patient’s
secretions) for the next use, so that it is safe for the
rescuer and the next patient?” 93% of the respondents answered yes [OR = 1.73 (95% CI: 1.44–2.08),
x2 = 34.58] (Fig. 8).
The opinion of the respondents on the transmission
of the SARS-CoV-2 coronavirus through a single-use
face mask for passive oxygen therapy with a one-sided
valve varies. 46.74% of the respondents responded that
it limits the transmission of the coronavirus (Fig. 9).

15

85

No

Figure 7. Question: “Have you used airway clearing
with a suction unit since the beginning of the SARS-CoV-2 pandemic during rescue and firefighting
operations?” Source: own study

7

Discussion
The SARS-CoV-2 pandemic affected many aspects
of social life, private enterprises, and state institutions. The scale of the phenomenon forced governments and institutions to change rules and regulations,
and obliged the public to specific duties and orders. The
procedures of rescue entities, including the QFA procedures implemented by fire protection units (FPU),
also needed to be modified. With reference to these
changes, the authors of the study asked the respondents about procedures 1a and 2a, the content of which
was introduced for use during the pandemic. These
procedures directly relate to the risk associated with
the transmission of the coronavirus. Rescue procedures

290

Yes

93

No

Yes

Figure 8. Question: “Do you know how to prepare
a reusable suction unit (contaminated with patient’s
secretions) for the next use, so that it is safe for the rescuer
and the next patient?” Source: own study

www.journals.viamedica.pl/medical_research_journal

Number of responses

Łukasz Dudziński et al., Firefighters’ knowledge of procedures performed to person with SARS-CoV-2

10000

9072

8000

5787

6000

4549

4000
2000
0

Yes

No

Don’t know

Figure 9. Question: “In your opinion, does a single-use passive oxygen mask with a one-way valve limit the transmission
of the SARS-CoV-2 virus?” Source: own study

were adapted to the threat on an ongoing basis with
the development of the pandemic, e.g. the European
Resuscitation Council issued COVID-19 Resuscitation
Guidelines in April 2020 [12]. Changes in procedures
and new guidelines were formed in many other fields
of medicine and then recommended for use globally
by the WHO and locally by medical consultants and
scientific associations [13–15].
The purpose of the updated guidelines is to help
patients effectively and to eliminate the infection of medical and emergency services personnel. The risk presented in this study resulting from the respiratory tract
clearance of people infected or suspected of infection
applies to many specializations of medicine. Marek T. et
al. [16] describe the recommendations of the procedure
aimed at reducing the risk of SARS-CoV-2 transmission
in endoscopic laboratories. In order to reduce exposure
to biologically harmful agents, they recommend the use
of basic personal protective equipment (PPE). These
include gloves, aprons, protective goggles or face
shields (visors) and respiratory protection (masks that
protect against respiratory secretions, saliva or mucus
droplets and microbes). Similar observations were
made by the authors of a 2021 study [17]. They noted
that endoscopic procedures are associated with a high
risk of COVID-19 infection for staff and subsequent patients as a result of exposure to aerosols. Therefore, it is
necessary to use advanced personal protective equipment and follow the rules of sterilization of endoscopes.
Cook T. [18] also describes the risk of infection
of medical personnel. Personal protective equipment
should be logically matched to the potential route of
transmission of the virus during patient care — contact,
droplet or airborne, and airborne precautions include
a fitted high-filtration mask, which should be reserved for
procedures at risk of aerosol production. In this study,
firefighters were asked about their knowledge of procedure 1a, which concerns mouth and nose covering
as a prevention against droplet infection.
Madzała [19] noted that under the first aid certification, firefighters are entitled to use supraglottic methods

of airway clearance after passing a course in this field.
The dominant share of respondents in this study comprised firefighters serving in SFS units without medical
education ( 90.95% — Tab. 1). This type of education
is desirable because firefighters with SFS firefighting
and rescue units are most likely to implement QFA
procedures for airway clearance and to be exposed to
SARS-CoV-2 transmission. Despite the risk to rescuers,
QFA procedures for airway clearing are important for
the patient’s survival and prognosis.
The classical position in the literature on the subject
is the work of Krzyżanowski [20]. The author concludes
that the use of appropriate techniques of upper respiratory tract clearance which are adapted to the patient’s
condition, in particular instrumental techniques, can significantly improve the quality of ventilation. The proper
flow of air (oxygen) through the respiratory tract is one
of the elements determining the optimal functioning of
all systems and organs.
Published in 2015, the study showed that firefighters
in some states of the USA are trained in the following
advanced skills: insertion of an intravenous line, administration of oral nitroglycerin and aspirin, establishment
of supraglottic airways [21].Our analysis showed that
since the beginning of the SARS-CoV-2 pandemic, over
8,000 officers have cleared airways at least once (Fig. 5).
This includes the multiple use of supraglottic instrumentation methods, which form part of the equipment of
SFS units and which constitute an alternative method of
airway clearance of a patient in a state of sudden cardiac
arrest; scientific research confirms the effectiveness
of ventilation of patients using these devices [22–24].
However, the exact method of clearance was not the
subject of this analysis.

Conclusions
The knowledge of firefighters in the subject matter
covered by the analysis is diverse, some firefighters
have additional experience and practice from working
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in health care units. Regular professional development
in the field of qualified first aid, supplemented with
procedures 1a and 2a, is recommended, which may
translate into a lower risk of infection associated with
airway clearing in patients during the pandemic. There
is a visible need for constant training of SFS officers in
terms of medical activities to maintain the knowledge
of firefighters at a high initial level.
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Introduction: An interesting research direction is the development of new therapies to reduce metastasis,

especially in highly invasive cancer such as lung cancer. One of the commonly used anti-cancer drugs is
5-fluorouracil. Oxymatrine is a natural alkaloid with a wide range of effects. Combined with a cytostatic,
it may enhance its action and protect normal cells. Therefore, the study aimed to analyse the effect of
oxymatrine and 5-fluorouracil on non-small lung cancer cell line A549.
Material and methods: The study was based on the assessment of the interaction between drugs, cell

death, cell cycle phase distribution, fluorescent labelling of F-actin and b-catenin, as well as wound healing
and transwell migration assay.
Results: The combined treatment with oxymatrine and the cytostatic in a 1:1 ratio resulted in synergism.

Incubation of cells with both substances induced changes in the life processes of A549 cells. In turn, the
reorganization of F-actin and b-catenin contributed to the limitation of lung cancer cell migration compared
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to individual treatment with compounds.
Conclusions: This study demonstrated that the combination of oxymatrine and 5-fluorouracil in the 1:1

ratio may limit the migratory potential of A549 cells. In summary, oxymatrine can support the anti-cancer
effect of 5-fluorouracil, but its potential application should be examined in further studies.
Key words: Oxymatrine, 5-FU, non-small cell lung cancer, migratory potential
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Introduction
The high incidence and mortality rate of lung cancer
makes it one of the leading causes of cancer deaths
worldwide [1]. The most common histological subtype
of lung cancer is non-small cell lung cancer (NSCLC),
a heterogeneous group of tumours with many differences in treatment and patient survival [2]. Despite
advances in medicine, radiotherapy, chemotherapy,
and targeted therapy, the outcomes are still far from
satisfactory. One of the main causes of therapy failure
is drug resistance [3, 4].
5-fluorouracil (5-FU) is a cytostatic used in the
treatment of many cancers, including NSCLC. The

cytostatic belongs to the family of pyrimidine antimetabolite drugs that inhibit the growth of proliferative cells
and induce their death [5]. However, drug resistance
remains a significant limitation in the clinical use of 5-FU
in monotherapy. Therefore, numerous studies are underway to investigate the synergistic anti-cancer effect
of combination therapy, which has proved to be an
effective strategy for overcoming 5-FU resistance [6, 7].
One such compound may be oxymatrine (OXY), an
alkaloid derived from the roots of the Sophora genus
plants. Numerous studies determining the therapeutic
nature of the compound indicate its anti-inflammatory,
antiviral and cardioprotective properties [8]. Additionally, it shows anti-tumour activity by inhibiting proliferation

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to
download articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.
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and inducing apoptosis in cancer cells. It applies to cancers such as breast [9], colorectal [10], prostate [11],
and lung cancer [12]. Research shows the potential of
combination therapy based on oxymatrine and chemoor radiotherapy. The alkaloid not only reduces the toxic
effect of conventional methods but also enhances the
effect of the cytostatics [13, 14].
This study aimed to analyse the effect of the OXY
and 5-FU combination on the basic cellular processes
in NSCLC cell line A549.

Material and methods
Cell culture and treatment
The A549 cell line (non-small cell lung cancer
cell line; NSCLC) was obtained from the European
Collection of Authenticated Cell Cultures (Merck
KGaA, Darmstadt, Germany) and grown in Dulbecco’s
Modified Eagle’s Medium (DMEM; Lonza Group, Ltd.,
Basel, Switzerland). The culture medium was supplemented with 10% foetal bovine serum (FBS; Merck) and
50 μg/mL gentamycin (Merck). The material was grown
under standard culture conditions (5% CO2, 37°C). Cells
used for tests were derived from low passages (p ≤ 6)
and tested for Mycoplasma based on the rapid uptake
of DAPI (Merck) [15]. During the study, the cells were
treated with 5-FU (5-fluorouracil; Merck), OXY (oxymatrine; Symbios, TargetMol), and a combination of
compounds in a 1:1 ratio for 24 hours. The control group
consisted of cells grown under the same conditions
without the 5-FU or OXY addition. The concentrations of
compounds used in further studies were selected based
on MTT assay. The 1:1 ratio (2 mM OXY/2 mM 5-FU)
resulted in synergism, which was estimated from the
combination ratio (CI) by the Chou-Talalay method [16].

Interaction between the drugs (MTT assay)
To determine the type of interaction between OXY
and 5-FU, the colourimetric MTT assay was used. After
a 24 h treatment of A549 cells with a combination of
drugs in a 1:1 ratio, cells were incubated with MTT working solution for 3 h. Formazan crystals were dissolved
in 2 mL of isopropanol (Avantor, Gliwice, Poland), and
the absorbance was read using a spectrophotometer
(Spectra Academy, K-MAC, Seoul, Korea) at a wavelength of 570 nm.
The obtained data were analysed according to
the Chou-Talalay median effect using the CompuSyn
software. The combination index (CI) enables the classification of interactions of the tested compounds into
three groups — synergistic (CI < 1), additive (CI = 1),
and antagonistic (CI > 1) [16].
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Cell death analysis
The Apoptosis Assay Kit containing Annexin V (AV)
Alexa Fluor 488 and Propidium Iodide (PI; Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) was
used to analyse the percentage of viable, apoptotic,
and necrotic cells. The experiment was performed following the instructions provided by the manufacturer.
Briefly, after removing the culture medium, the cells
were resuspended in Annexin-binding buffer (ABB).
5 µL of AV was added to every sample (20 min, dark).
The supernatant was removed, and the cells were suspended in the fresh ABB. Then, 1 µL of PI was applied
to every probe (5 min, dark). The cells were analysed
using Guava®easyCyte™ 6HT-2L Cytometer (Merck)
and FlowJo software (version 10.07; FlowJo LLC).

Cell cycle analysis
The cell cycle was analysed by flow cytometry using
a Guava®easyCyte ™ 6HT-2L system (Merck). Cells
were first fixed in ethanol for 24 h at –20°C and then
incubated for 30 min in FxCycle ™ PI/RNase Staining
Solution (Life Technologies; Thermo Fisher Scientific,
Inc). The obtained results were analysed using FlowJo
software (version 10.07; FlowJo LLC).

Fluorescent labelling
The fluorescence labelling of b-catenin (Abcam,
Cambridge, United Kingdom) and F-actin (Thermo Fisher
Scientific) was performed using the standard protocol
described in a previous study [17]. The A549 cells treated
with 2 mM OXY, 2 mM 5-FU, and their 1:1 combination
were fixed with 4% paraformaldehyde (Thermo Fisher
Scientific, 20 min, RT), blocked with 4% bovine serum
albumin (BSA, Merck, 20 min, RT). b-catenin was labelled
using a primary anti-b-catenin (Sigma-Aldrich, 1 h, RT)
and a secondary Alexa Fluor 594 antibody (Thermo
Fisher Scientific, 1 h, RT, dark). F-actin was visualized
using Alexa Fluor 488 phalloidin (Thermo Fisher Scientific, 20 min, RT, dark). Cell nuclei were stained with
DAPI (Merck, 10 min, RT, dark). The preparations were
observed under a C1 confocal microscope (Nikon).

Wound healing assay
A549 cells migration after treatment with OXY, 5-FU,
and their combination was analysed by a wound healing
assay. Cells were grown under standard culture conditions to approximately 100% confluency then a “wound”
was prepared using a sterile 100 µL pipette tip. The
experiment was documented using an inverted Axio
Observer Z1 motorized microscope (Zeiss) equipped
with a system for live-cell imaging (Pecon).
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Transwell migration assay
To analyse the migratory potential of A549 cells,
transwell inserts (Corning, NY, USA, 8 µm) were used.
The standard protocol described in the previous
paper (Hałas-Wiśniewska 2020) was applied in the
experiment. The analyses were based on the number
of cells from random fields for CTRL, OXY, 5-FU, and
their combination. The images were captured using
a Nikon Eclipse E800 light microscope (Nikon) with
a DS-5Mc-U1 CCD camera and NIS Elements software
version 3.30 (Nikon).

Statistical analysis
GraphPad Prism 6.0 (GraphPad Software, Inc., La
Jolla, CA, USA) was used for statistical evaluation. The
non-parametric Kruskal-Wallis with Dunn’s post hoc
test (cell death, transwell migration assay) and twoway ANOVA with Dunnett’s multiple comparisons test
(cell cycle) were performed. In the case of the wound
healing experiment, the non-parametric Kruskal-Wallis
with Dunn’s post hoc test (wound closure after 24 h) and
two-way ANOVA with Dunnett’s multiple comparisons
test (wound area) were used. For each analysis, statistically significant changes (p < 0.05) in comparison to
untreated cells (CTRL) were marked with an “*” in all
graphs. All data are presented by means ± standard deviation (SD) of three independent experiments (n = 3).

Results

Figure 1. Analysis of oxymatrine (OXY) and 5-fluorouracil
(5-FU) interactions. The interaction analysis was based
on the results obtained from the MTT assay. A549 cells
were treated with OXY and 5-FU at concentrations from
0.25–2.5 mM for 24 h in a ratio of 1:1. A. The combination
index plot for OXY and 5-FU co-treatment in A549 cells
in the range of fa from 0.1 to 0.6. CI < 1 — synergism,
CI = 1 — additive effect, CI > 1 — antagonism. For real
measuring points, the values have been marked in red;
B. Summary table showing the type of interaction

Analysis of OXY and 5-FU interactions
One of the research goals was to determine the
type of interaction between the tested compounds. The
analysis was performed using the Chou-Talalay method
based on the results obtained from the MTT assay.
Analysis of the data curated for OXY and 5-FU-cotreated A549 cells indicates that 2 mM and 2.5 mM
concentrations of both compounds in the 1:1 ratio
induced a synergistic effect (Fig. 1A, B). In turn, doses of 0.25 and 1 mM showed almost additivism and
0.5 moderate antagonism (Fig. 1A, B). Based on the
obtained results, 2 mM concentrations of compounds
were selected for further studies, both in mono-treatment and combination.

the compounds (COMB) resulted in a statistically significant reduction in the percentage of viable cells (AV-/
PI-) compared to untreated control (80.32% and 81.95%
respectively, Fig. 2A). In the untreated control (CTRL)
and 2 mM OXY-treated cells, were observed 93.81%
and 92.07% live cells, respectively. Figure 2B shows an
increase in the percentage of early and late apoptotic
cells (AV+/PI- and AV+/PI+). As in the case of living
cells, only after the use of 5-FU and COMB the obtained
results were statistically significant and reached 9.09%
and 10.11%, respectively (Fig. 2B).
Necrotic cells (AV-/PI+) were also analysed, but no
statistically significant results were obtained (Fig. 2C).

Effect of OXY, 5-FU and combination therapy on
the cell death induction

Effect of OXY, 5-FU and their combination on the
distribution of cell cycle phases in A549 cells

The analysis of the percentage of live, apoptotic, and
necrotic cells after 24 h treatment with 2 mM OXY, 2 mM
5-FU, and a 1:1 combination was presented in Figure
2. Treatment of cells with 5-FU and the combination of

The cell cycle phase distribution in the control and
all study groups is shown in Figure 3. The statistically
significant changes compared to the control occurred
only after the application of 2 mM 5-FU. It included
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Figure 2. The effect of oxymatrine (OXY) and 5-fluorouracil (5-FU) individually and in combined treatment on cell death
of A549 cells. The A549 cells were treated with 2 mM OXY, 2 mM 5-FU, and the combination of both compounds in
a ratio of 1:1 and the cell death was analysed using Annexin V and propidium iodide double staining assay. The figure
presents the percentage of live, apoptotic, and necrotic cells. ‘*’ indicate statistically significant differences compared
to control cells (p < 0.05; the non-parametric Kruskal–Wallis with Dunn’s post hoc test)

Figure 3. The effect of oxymatrine (OXY) and 5-fluorouracil
(5-FU) individually and in combined treatment on the
distribution of cell cycle phases of A549 cells. The figure
presents the distributions of cell cycle phases (G0/G1, S,
G2/M and > 4N) in A549 cells treated with 2 mM OXY,
2 mM 5-FU, and the combination of both compounds in
a 1:1 ratio. ‘*’ indicate statistically significant differences
compared to control cells (p < 0.05; the non-parametric
Kruskal–Wallis with Dunn’s post hoc test)

an increase in the percentage of cells in the S phase
to 25.35% (vs. 10.57% in CTRL). There was also a reduction in the percentage of cells in the G2/M phase
to 12.11% (vs. 26.33% in CTRL). No other statistically
significant differences were noted (Fig. 3).

The effect of OXY, 5-FU and their combination on
the migration of A549 cells
The main aim of the study was to investigate the
effect of OXY, 5-FU, and drug combination in a 1:1 ratio
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on the migratory abilities of A549 cells. Recommended
test methods were used, such as wound healing and
transwell migration assays. Additionally, the structure of
the actin cytoskeleton and b-catenin were investigated,
which are very important in migration and the epithelial-mesenchymal transition (EMT) process.
Figure 4 shows the results obtained in the wound
healing assay. After 6 hours, a statistically significant
increase in the migration of control cells and after treatment with 2 mM OXY and 2 mM 5-FU was observed.
The only exception occurred in cells treated with the
combination of compounds, in which migration was
significantly reduced (Fig. 4A). Also, after 24 hours, cells
treated with OXY/5-FU in a 1:1 ratio were characterized
by reduced migratory abilities compared to the rest of
the groups (Fig. 4B). Figure 4C presents representative
images of the wound-healing assay.
Results obtained from the wound healing assay
were supported by the transwell migration test. Figure
5A shows the average number of cells able to migrate
on the other side of the membrane. The obtained results suggest that 2 mM OXY alone does not limit the
migration of A549 cells. On the other hand, a statistically
significant reduction in cell motility occurred after the
use of 2 mM 5-FU and the combination of OXY/5-FU in
the ratio 1:1 (Fig. 5A). Figure 5B presents representative
images from the transwell migration assay for control,
OXY, 5-FU and their combination (Fig. 5B).
Fluorescent F-actin labelling indicates an extensive
network of actin filaments. Numerous thick actin fibres
and cortical arrangements in all groups were observed.
However, the application of 5-FU, and most frequently
the treatment with the OXY/5-FU combination, resulted
in actin clusters in the form of stars. It may indicate
strong adhesion to the surface (Fig. 6). Also, the distribution of b-catenin varies depending on the compound
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Figure 4. The effect of oxymatrine (OXY) and 5-fluorouracil (5-FU) individually and in combined treatment on the migration
of A549 cells — wound healing assay. The A549 cells were treated with 2 mM OXY, 2 mM 5-FU, and the combination of
both compounds in a 1:1 ratio for 24 h. A. Wound area in timepoints. B. Wound closure after 24 h. ‘*’ indicate statistically
significant differences in comparison to control cells (p < 0.05; 2way ANOVA comparisons test); C. The representative
images of the results obtained in wound healing assay. Bar = 50 µm

used. In control cells of the A549 line and cells treated
with 2 mM OXY, this protein is localized in the junction
areas of the cell and a small amount surrounding the
nuclei. On the other hand, under the influence of 2 mM
5-FU and the OXY/5-FU combination, it accumulates
mainly in the perinuclear area (Fig. 6).

Discussion
According to the World Health Organization (WHO),
in 2020, lung cancer was the second most common
neoplasm but the first in terms of mortality. The average
5-year survival in patients diagnosed with lung cancer
is still relatively low (10–20%) [18]. Most lung cancers
are non-small cell lung cancer (NSCLC) cases treated
mainly with surgical resection and/or radiotherapy and
chemotherapy. Currently available treatments are not
always effective, especially in patients in advanced

stages of the disease with metastases. Hence, new
methods of treatment based on targeted therapy or the
use of combinations of compounds acting synergistically on cancer cells are tested. One of the options is the
combination of natural compounds with conventionally
used cytostatics. Numerous scientific studies show the
anti-cancer properties of OXY. The compound induces
cell death in renal cell carcinoma [19], breast cancer
[9], and lung cancer [10, 20]. In turn, 5-FU is a conventionally used cytostatic commonly administrated
to cancer patients 21. Unfortunately, lung cancer is
very often resistant to treatment with the cytostatic.
However, there are some methods to overcome drug
resistance. Studies by Khakbaz et al. report that the
use of a combination of 5-FU with allicin helps to defeat
multidrug resistance in gastric carcinoma [22]. Similar
results were obtained for the combination of 5-FU with
curcumin. This naturally derived compound can inhibit
the proliferation of human colon cancer cells and addi-
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Figure 5. The effect of oxymatrine (OXY) and 5-fluorouracil
(5-FU) individually and in combined treatment on the
migration potential of A549 cells — transwell migration
assay. The A549 cells were treated with 2 mM OXY,
2 mM 5-FU, and the combination of both compounds in
a 1:1 ratio for 24 h. A. The average number of cells with
a high migratory potential to control cells. ‘*’ indicate
statistically significant differences in comparison to control
cells. (p < 0.05; 2way ANOVA comparisons test); B.
The representative images of the results obtained in the
Transwell migration assay. Bar = 50 µm

tionally can reverse the effects of multi-drug resistance
in human colon cancer cell lines [23, 24].
OXY also shows a synergistic effect against cancer
cells in combination with cytostatics such as cisplatin
and doxorubicin [13, 25]. In addition, the compound
may be promising in overcoming chemotherapy resistance. Liang et al. showed that OXY reduces 5-FU
resistance in HCT-8 cell line. Additionally, they found
that the process involved in chemoresistance was EMT
modulated by the activation of the NF-kB signalling
pathway [26]. Thus, OXY may also impact EMT, the process favouring metastasis. Another advantage of OXY
administration may be the cytoprotective effect in normal cells. Numerous adverse effects are associated with
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the administration of cytostatics, including 5-FU. Despite
the relatively short half-life, the drug can penetrate the
blood-brain barrier leading to a phenomenon known as
“brain fog” [27]. Another adverse effect is leukopenia
[28]. Additionally, in the case of H9c2 myoblasts, OXY
reduces the cytotoxic effect of doxorubicin [14]. This
effect was associated with the inhibition of reactive
oxygen species production in normal cells. Thus, it is
possible that in the case of 5-FU, OXY may also prevent
negative changes in normal cells. In the presented paper, it is shown that OXY and 5-FU may synergistically
reduce the survival and inhibit the migration abilities
of the A549 non-small cells lung cancer cell line. It is
in accordance with the results presented by Liang et
al., indicating that the addition of OXY enhances the
anticancer properties of 5-FU [26]. The combination
of the compounds was characterized by an increased
rate of apoptosis and reduced migration and invasion
compared to the treatment with the substances separately. In their previous research, the authors found that
a 2 mM dose of 5-FU caused an increase in apoptotic
cell percentage to 8% [29]. However, in the combination
of 5-FU and OXY was observed an enhancement of
this effect. It is in accordance with numerous literature
reviews showing that many compounds of natural origin
show the proapoptotic effect [30, 31]. Apoptosis induction is a very desirable result, but limiting metastasis is
equally important. In this study, the simultaneous use
of 5-FU and OXY significantly reduced the migration
and invasion of A549 cells. Changes were observed
especially in the F-actin pattern. The combination of
compounds decreased the number of stress fibres
and fluorescence intensity of protein. In addition, the
impact of the OXY/5-FU combination on cell motility was
manifested by a slower closure rate of the wound and
a reduced number of cells able to migrate through the
pores of the insert. The only study showing the synergistic effect of OXY and 5-FU on migration was presented
by Liang et al. in 2016. Researchers indicated that the
use of OXY and 5-FU in colon cancer cells decreased
the expression of vimentin, SNAI2 (snail family transcriptional repressor 2), and phosphorylated p65, and
increased the expression of E-cadherin. It indicates EMT
inhibition, which may prevent metastasis and impact
the chemoresistance to 5-FU in colon cancer cells. The
researchers showed that the combination of 5-FU and
OXY inactivates the NF-kB signalling pathway [26].

Conclusions
In summary, it was demonstrated that oxymatrine
enhanced the 5-FU-induced effect in A549 cells such
as the reorganization of F-actin and b-catenin. What is
more, the present study demonstrated that the combi-
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Figure 6. The effect of oxymatrine (OXY) and 5-fluorouracil (5-FU) individually and in combined treatment on the F-actin
and b-catenin organization. The A549 cells were treated with 2 mM OXY, 2 mM 5-FU, and the combination of both
compounds in a 1:1 ratio for 24 h. Immunofluorescent labelling of F-actin (green), b-catenin (red), and nuclei (blue),
Bar = 50 μm

nation of OXY and 5-FU in the 1:1 ratio may limit the
migratory potential of A549 cells. These results suggest
the hypothetical benefits of OXY supplementation in
lung cancer patients treated with cytostatics, especially
in the context of metastasis.
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ABSTRACT
Introduction: Rational resource management was key to avoiding overcrowding in Coronavirus Infectious

Disease 2019 (COVID-19) dedicated wards. The study aimed to identify specific symptoms for aged
patients with COVID-19 and assess the utility of the Modified Early Warning Score (MEWS) as a tool that
may support decisions within an emergency department (ED).
Material and methods: This was a retrospective analysis of medical records. ED patients with positive

antigen tests for COVID-19 infection were identified. Patients’ history, length of stay (LOS) and vital signs
were collected. MEWS score was calculated. Age groups were divided as follows: non-geriatric (NG) —
aged under 60; geriatric groups (G): G1 — aged 60–74; G2 — aged 75–89; G3 — aged 90 and over.
Results: There were 777 individuals (261 NG and 510 G patients). Symptoms related to pain as well as anosmia

and ageusia occurred more often in NG patients. The longest LOS was in G2 — 182 [101–295] minutes.
A significantly shorter LOS (51 [24–156] minutes) was recorded in NG (NG vs. G1 p < 0.0001; NG vs. G2
p < 0.0001; NG vs. G3 p = 0.0007). Admission rate was as follow: NG: 17.24%, G1: 50.97%, G2: 61.43%, G3:
54.17. Accuracy parameters for MEWS score (NG vs G, [%]) were as follow: sensitivity (93.18 vs. 91.04), specificity (13.04 vs. 11.79), positive predictive value (18.55 vs. 52.88), negative predictive value (90.00 vs. 54.76).
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Conclusions: Geriatric patients spent more time in ED and were admitted more often. Seniors were less

likely to experience pain. MEWS is not a valuable tool for supporting decisions concerning the admission
or discharge of geriatric patients with COVID-19.
Key words: emergency department; SARS-CoV-2; COVID-19; organization and administration; patient

care management
Med Res J 2022; 7 (4): 301–306

Introduction
In December 2019 there were noticed many cases
of pneumonia of unknown cause in the city of Wuhan,
China. Research revealed it was caused by a novel
coronavirus, that causes Coronavirus Infectious Disease
2019 (COVID-19). The insidious disease spread quickly
and affected people all over the world. On the 11th of
March COVID-19 was characterized as a pandemic [1].
Patients suffering from this disease presented a wide
range of clinical conditions: an asymptomatic infection,
a mild course of infection, or severe pneumonia leading
to acute respiratory failure followed by death. The most
severe course of the illness and the highest mortality

rate were observed among elderly patients, especially
those with underlying diseases [2–4].
Many people concerned about their symptoms
seek help in hospitals. The places where they could
always contact a medical professional were emergency
departments (ED). The unpredictable nature of patients’ attendance makes the work in an ED extremely
challenging. The frontline medical staff needed to work
more efficiently, admit more patients and prevent coronavirus transmission. This required early recognition
and immediate isolation of the infected patients as well
as adapting appropriate care to patients’ conditions
and the severity of their symptoms. The effectiveness
of various scores and scales used in emergency

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to
download articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.
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medicine to predict disease severity and outcome in
COVID-19 patients have been analysed in prior studies
[5–7]. Among these systems, Modified Early Warning
Score (MEWS) has been proven to be an efficient tool
for the rapid assessment of COVID-19 patients [8, 9].
Simultaneously, many studies have been performed to analyse the most specific and characteristic
symptoms of SARS-CoV-2 infection to facilitate early
recognition of the infected patients [10, 11]. It has
been also defined that the most common symptoms of
COVID-19 are cough, weakness, taste disorder, myalgia
and fever. Other symptoms like taste and smell disorders or diarrhoea were determined as characteristic of
COVID-19-positive patients [10].
It’s a known fact that older adults have been reported to be a population with a high risk of death in
the outbreak of COVID-19. Hence, the rapid detection
of high-risk patients and appropriately assessed disease severity are crucial to reducing mortality in this
population. All these scales work best in an in-hospital
setting. Moreover, it has been reported that this scale is
less functional in geriatric patients. Thus, the purpose
of this study was to recognize the clinical features of
elderly and non-elderly patients with COVID-19 and
identify specific symptoms for aged patients with
COVID-19 to evaluate the clinical relevance of MEWS
calculated during the admission of hospitalized geriatric
COVID-19 patients.

Material and methods
Legal considerations
According to Polish Law, retrospective analysis of
medical records does not meet the criteria of a medical
experiment and does not require the consent of the
Institutional Review Board.

Study design
This study was designed as a retrospective analysis of medical records. The study population were
COVID-19 patients, admitted to the Emergency Department at Hipolit Cegielski Medical Centre, Poznań,
Poland between October 2020 and May 2021. Patients’
data, symptom information, and test results were obtained from the electronic medical records. Inclusion
criteria were as follow: 1) adults aged 18 or above, 2)
patients confirmed as SARS-CoV-2 positive by Abbott’s
antigen test (Abbott Rapid Diagnostic Jena GmbH,
Jena, Germany). In case of unclear results or high
clinical suspicion of infection with a negative result of
an antigen test, the RT-PCR method was used to detect
viral mRNA.
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Primary outcomes
The primary outcomes were patients’ main symptoms; length of stay (LOS) in ED, defined as the length
of time between the first examination made by an ED
physician and discharge or admission to a hospital
ward; endpoint: the patient was admitted to the hospital
(Admission — non ICU), transferred to the intensive care
unit (Admission — ICU), discharged home (ED — discharged) or died in ED (ED — deceased).

Secondary outcome
The secondary outcome was to assess the utility
of the MEWS score for predicting the requirement for
further hospitalisation in elderly adults admitted to ED
with COVID-19 and comparing its predictions with the
actual endpoint as indicated by the data. This allowed
evaluation of the utility of this scale in emergency departments in geriatric patients diagnosed with COVID-19.

Clinical data collection
The data recorded in the hospital’s system included: personal data, initial vital signs (e. g. heart
rate, respiratory rate, oxygen saturation level, blood
pressure), medical interview, physical examination as
well as the time of admission and discharge/transfer.
Based on the review performed by Grant et al., the
most common symptoms were defined and divided into
several groups: systemic, respiratory, gastrointestinal,
ear–nose–throat, and psychiatric [12]. This breakdown
was presented in Table 1. Other reported symptoms
were not included in the further analysis.

Patients
Patients included in the analysis were aged 18 or
above. The study group consisted of geriatric patients
(G), and the control group contains non-geriatric patients
(NG). To accurately analyse age groups of seniors, they

Table 1. Division of symptoms into groups according to
Grant et al. [12]
Group
Systemic symptoms
Respiratory symptoms

Symptoms
Fever, fatigue, myalgia, arthralgia,
near fever, headache
Dyspnea, cough, chest pain

Gastrointestinal
symptoms

Diarrhea abdominal pain, vomits,
nausea, chest pain, loss of appetite

Ear-nose-throat
symptoms

Anomia, ageusia, sore throat, rhinitis

Psychiatric symptoms

www.journals.viamedica.pl/medical_research_journal

Altered mental status, delirium

Julia Gólska et al., COVID-19

16%

14,94

14,56

14%

13,03

12%

10,34

10%

7,52

8%

6,05

5,75

6%
4%
2%

in geriatric patients

2,79

4,89

3,45

3,45

1,88
0,75

0%
Anosmia or ageusia

2,26

1,40
0

0,93

0

Sore throat

Myalgia or arthralgia
NG

G1

G2

Headache

0

Chest pain

G3

Figure 1. The percentage frequency of symptoms in four age groups. G1 — elderly age; G2 — senile age; G3 — longlivers; NG — non-geriatric

were divided into 4 subgroups by the WHO guidelines described in the work by Dyussenbayev [13]: 1)
non-geriatric — aged under 60; 2) youngest-old (elderly
age, G1) — aged 60–74; 3) middle-old (senile age, G2)
— aged 75–89; 4) oldest-old (long-livers, G3) — aged
90 and over
There were 777 individuals concerned for analysis. Six patients were excluded due to the inability to
perform medical interviews. Therefore, the group of all
patients tested for symptoms was 771 individuals. The
control group consisted of 261 patients. The study
group consisted of 510 patients.(G1: n = 266 patients,
G2: n = 215, G3: n = 29).
In the second part of the study, the calculation of
the MEWS score was possible for 658 patients. Two
deceased individuals were excluded. All admissions
were counted together (ICU + non-ICU). Therefore the
control group was made of 251 non-geriatric patients
and the study group consisted of all geriatric subgroups
and accounted for 407 geriatric patients (G1: n = 228,
G2: n = 165, G3: n = 14).

Modified early warning score
Modified early warning score is a tool designed to
identify patients with declining clinical conditions. It
consists of 5 physiological parameters: systolic blood
pressure, heart rate, respiratory rate, temperature, and
level of consciousness (based on the AVPU score). The
score is based on the principle that clinical deterioration
can be seen through subtle changes in several parameters as well as large changes within a single variable.

The score helps to determine the patient’s chances of
being admitted to the intensive care unit or dying within
the next 60 days, a score of 5 or more is associated
with a higher likelihood of these incidents. The patient’s
condition is described appropriately:
— 0 points — stable asymptomatic (can be discharged
and recover at home),
— 1–2 points — stable with symptoms (should be
admitted to non-ICU),
— 3–4 points — clinically unstable (should be treated
in ICU),
— > 5 points — critical condition.
MEWS, according to the guidelines of the Polish
Association of Epidemiologists and Infectiologists,
can be used on patients with SARS-CoV-2 infection
to assess their clinical condition and to allow for early
detection of clinical deterioration and the potential need
for a higher level of care [14].

Statistical analysis
The analysis was performed using the Statistica
12 software (Tibco Inc., Tulsa, OK, USA). Descriptive
statistics of measurable variables were performed. The
categorical variables were expressed as numbers (n)
with percentages (%), whereas quantitative data as median [interquartile range] as they did not present normal
distribution (confirmed in the Wilk-Shapiro W test). To
evaluate the significance of differences chi-square test
and Mann-Whitney test were used as appropriate. A value of p<0.05 was considered statistically significant.
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Table 2. Comparison of the percentage frequency of occurrence of COVID-19 by gender and age in the given age
groups
Group

Women

Men

Age*

Total

47.75%

52.25%

68 [49–78]

NG

45.21%

54.79%

40 [30–50]

G1

45.11%

54.89%

69 [65–72]

G2

51.36%

48.64%

81 [78–84]

G3

66.67%

33.33%

92 [90–96]

G1 — elderly age; G2 — senile age; G3 — long-livers; NG — non-geriatric; *Data are presented as median [IQR]

Results
1400

Study group
During the months of the study, data from 777 individuals were collected. The youngest patient was 18 years old
whereas the oldest was 99 years old. Table 2 presented
a comparison of gender and age according to age groups.

1000
800
600
400

Symptoms
Among analysed symptoms, four can be distinguished, which occurred much more often than the others. These were: fever (339 patients, 43.97%), dyspnoea
(314 patients, 40.73%), cough (270 patients, 35.02%)
and fatigue (250 patients, 32.43%). Symptoms related
to pain: sore throat, myalgia, arthralgia, headache and
chest pain as well as anosmia and ageusia occurred
much more often in the group of NG patients. This
relation was shown in Figure 1. The symptom that
showed the opposite tendency was altered mental
status/delirium. It occurred in 1.92% of NG patients,
whereas in G subgroups were as follows: G1: 16.17%,
G2: 24.65%, G3: 37.93%.

Length of stay
For the entire group of patients, LOS was 133 [47–
–248] minutes. The longest LOS was in the G2 group
— 182 [101–295] minutes, then in G3 — 164 [98–327]
minutes, and G1 — 155 [78–277] minutes. The shortest LOS — 51 [24–156] minutes, was recorded in the
NG group. This difference was statistically significant
(NG vs G1 p < 0.0001; NG vs. G2 p < 0.0001; NG
vs. G3 p = 0.0007). Figure 2 presented the comparison
of the LOS median on ED between the age groups.

Treatment endpoint
Four hundred and thirty seven out of 777 patients
were discharged home, 329 were admitted to the
hospital (non-ICU), 4 patients were transferred to the
intensive care unit and 7 patients died, all of them were
geriatric patients.
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LOS [min]

1200

200
0
Median
25%–75%
Min–Max

163

182

155
51

G3

G2

G1
Age group

NG

Figure 2. Comparison of the LOS median on ED between
the age groups. ED — emergency department; G1 — elderly
age; G2 — senile age; G3 — long-livers; LOS — length of
stay; NG — non-geriatric. Numbers represent median LOS

Due to the negligible number of patients who died
or were admitted to the ICU, the comparison in the age
groups was made only for the patients who were discharged home and admitted to departments other than
the intensive care unit. Details were presented in Table 3.

MEWS score
There were no differences in median MEWS scores for
admitted (3 [1–4] points) as well as discharged (3 [1–5]
points) patients. The median MEWS score for the NG group
was 2 [1–5] and for the G group was 3 [1–5]. This difference
was not statistically significant (p = 0.7453). According to
the real and counted endpoint, specificity, sensitivity, PPV
and NPV were calculated. Results were presented in Table
4 and details were presented in Suppl. Table 1.

Discussion
The conducted analysis was aimed at drawing attention to the characteristic features of the COVID-19 dis-
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in geriatric patients

Table 3. Comparison of the endpoint in age groups
Admission

Discharged

NG

17.24% (n = 48)

82.76% (n = 216)

P-value

G1

50.97% (n = 133)

49.03% (n = 128)

NG vs. G1 < 0.0001

G2

61.43% (n = 130)

38.57% (n = 81)

NG vs. G2 < 0.0001

G3

54.17% (n = 18)

42.86% (n = 12)

NG vs. G3 = 0.0031

G1 — elderly age; G2 — senile age; G3 — long-livers; NG — non-geriatric

ease in geriatric patients. The analysis aimed to emphasise what symptoms should be looked for in elderly
patients presenting to an ED.
Analysing the symptoms, it can be seen that, according to the typical course of COVID-19, patients
considered in this study reported symptoms such as
fever, cough and dyspnoea. These are typical symptoms of this disease, which are frequent irrespectively
of age [15].
According to the literature, loss of smell and taste
was a common symptom of SARS-CoV-2 infection [16].
However, the analysis showed that this symptom was
typical only for patients who were under 60 years old,
and occurred less often among older ones. A similar
tendency has been noticed for pain symptoms such
as a sore throat, headache, and joint pains — typically
reported by younger patients. This result was similar
to that obtained in other publications [17], while in the
geriatric group it was usually lower.
The group of symptoms that were mostly observed
among older patients — were psychiatric symptoms. According to studies by Kennedy et al., these symptoms
were common in the group of geriatric patients and
often occurred without any other typical symptoms
of COVID-19. They also concluded, that delirium was
associated with poor hospital outcomes and death [17].
In the present study, the highest percentage of mental
symptoms was recorded in the G3 group, which may
confirm their thesis. The observations emphasise that
geriatric patients presented less typical symptoms than
younger patients, and often the only symptom may
be delirium, the development of which may adversely
affect the treatment process. This is confirmed by the
work of Rebora et al. They found that delirium occurs
in 1 in 7 patients hospitalized for COVID-19 after the
age of 65. Moreover, this symptom is considered to be
associated with increased in-hospital mortality showing
the clinical significance of neurological symptoms in
elderly patients infected with SARS-CoV-2 [18].
Looking at the endpoint, there was a defined trend
correlated to age. Most discharged patients belonged
to the NG group. Furthermore, most of the admitted patients were those from geriatric groups, and only a small
percentage of the total number of patients admitted was
in the NG group. Longer LOS might be explained by two

Table 4. Accuracy and precision factors for MEWS score
in relation to age group
Analysed factor [%]

NG

G

Sensitivity

93,18

91,04

Specificity

13,04

11,79

PPV

18,55

52,88

NPV

90,00

54,76

ACC

27,09

53,07

ACC — accuracy; G — geriatric group; MEWS — modified early warning score; NG — non-geriatric group; NPV — negative predictive value;
PPV — positive predictive value

factors. Firstly, these patients required additional laboratory or imaging diagnostics. Secondly, there was a need
to transport patients to COVID-19-dedicated hospitals
or wards, which were also located outside the facility.
Furthermore, patients admitted to the hospital required
more resources than those discharged home [19].
MEWS score has been proven to be the less burdensome scoring system, that should be considered
a method to monitor patients for deterioration and
admission to a higher level of care [20]. In another
study, the MEWS score measured on ED arrival was
the most sensitive predictor of 7-day ICU admission or
death [21]. The accuracy and precision values found in
the present study did not allow the authors to conclude
that the MEWS score can be a useful tool for decision
support for hospital admissions in the ED setting. Elevated body temperature is one of the parameters that
are assessed in this scale. Fever is present in 89% of
COVID-19 patients [22]. A patient with minor symptoms,
not requiring oxygen supply, may have a fever and this
will not be a reason for admission to the hospital. The
authors claim that this parameter may falsify the study
results the most. According to the recommendations,
any patient with saturation below 94% should be admitted to the hospital [23]. However, as is well known,
especially in seniors, health conditions can change
dynamically and symptoms may be less typical. It is,
therefore, necessary to continue identifying tools to
support decision-making at the ED level.
It is important to consider the limitations of this
retrospective study. First, groups were not equally
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represented. In addition, the MEWS scale as well as the
occurrence of particular symptoms were calculated for
an incomplete group due to lack of data. Furthermore,
patients were not examined only by one physician,
therefore the decision about the endpoint could be
person-dependent. Also, it is necessary to consider
comorbidities which could influence patients’ general
condition and prognosis. Nevertheless, the authors believe that the results of this study may enhance existing
knowledge and lead to more efficient organisation of
patient flow in EDs.

6.

7.

8.
9.

10.

Conclusions

11.

Our study confirmed that geriatric patients were
significantly more likely to require hospital treatment
and spent more time in ED. Seniors were less likely to
experience pain but other typical symptoms of the disease were the same. It has been proven that MEWS is
not a valuable tool for emergency clinicians to support
decisions concerning the admission or discharge of
geriatric patients with COVID-19. Further research on
prognostic scales in the ED is strongly recommended.
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Introduction: Nutritional status and body composition parameters would seem to be reasonable prognostic

factors in patients with colorectal cancer (CRC). The study aimed to investigate the relationships between
numerous parameters of nutritional status and prognosis in patients undergoing surgery due to CRC.
Material and methods: Clinical nutritional assessment and biochemical determinations were performed

on 110 patients who underwent elective surgery due to primary CRC. Body composition was also analyzed using bioelectrical impedance (BIA) and computed tomography (CT) scans at the third lumbar (L3)
vertebra using OsiriX software.
Results: Patients who failed to attend a visit 3 months after surgery (n = 15; 13.6%) were more likely to be

sarcopenic, with lower baseline functional status, handgrip strength, skeletal muscle (SM) parameters in
BIA and a smaller SM area in CT. Compared to those who died during, on average, 3.6 years of follow-up
(n = 33; 30%), patients who survived had, at baseline, a significantly higher Mini-Nutritional Assessment
(MNA) score, lower waist-to-height ratio (WHtR), and higher scores on functional status scales. In a Cox’s
proportional-hazards model, in addition to an advanced WHO CRC stage, scores for MNA (HR; 95% CI: 0.85;
0.74–0.98; p = 0.021), Patient-Generated Subjective Global Assessment (PG-SGA), instrumental activities
of daily living (IADL), and WHtR (3.68; 1.03–13.13; p = 0.049) were independent risk factors for death.
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10.5603/MRJ.a2022.0054
Copyright © 2022 Via Medica
ISSN 2451-2591
e-ISSN 2451-4101

Conclusions: Patients’ functional status 3 months after surgery due to CRC was related to baseline SM

strength, mass, and functional performance, whereas 3.5-year mortality was associated with lower MNA
and IADL scores and higher WHtR and PG-SGA scores.
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Introduction
Colorectal cancer (CRC) is recognized as nutrition-related cancer, and obesity, especially visceral obesity, is
a risk factor for CRC-related morbidity and mortality [1–5].
However, the association is complex. On the one hand,
overweight and obesity are linked to longer survival of
CRC patients after treatment, which is mostly interpreted
as the presence of the “obesity paradox” [6–9]. On the
other, there is strong evidence that both malnutrition
[10–14] and excess body fat, visceral adiposity, and

sarcopenia (reduced skeletal muscle mass, strength and
functional performance), especially when it coexists with
obesity (sarcopenic obesity), contribute to worse short-,
medium- and long-term outcomes of CRC treatment
[1, 2, 6–8, 11–13, 15, 16]. Numerous explanations for
associations between CRC surgery outcomes and patients’ baseline nutritional status are proposed, including
(a) the effect of adipocytokines (hormonal substances
secreted by adipocytes and that induce insulin and insulin-like growth factor-1 [IGF-1] secretion), changes in
appetite and energy expenditure, promotion of colonic

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to
download articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.
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cell proliferation, immune response, and angiogenesis
[8, 17–22]; (b) possibility to perform of radical operation
[1, 2, 4]; (c) the risk of perioperative complications [1,
2]; (d) the response to chemotherapy [23] and the risk
of chemotherapy-associated hepatotoxicity due to liver
steatosis [4]; and (e) the risk of post-surgery neoplasmatic cachexia and frailty [14, 24].
CRC is the second most prevalent neoplasm worldwide and the most common obesity-related neoplasm
[1–5]. As a result of the development of new therapeutic methods, knowledge about prognosis after CRC
surgery would seem to be very important in order to
personalize patients’ therapy with regard to different
levels of aggressiveness. Therefore, the authors investigated the prognostic importance of numerous clinical,
biochemical, and anthropometric nutritional status-related parameters of CRC patients undergoing surgery.

Material and methods
Patients
The study involved 110 consecutive inpatients with
primary CRC who underwent elective surgery between
2016 and 2019 at the University Hospital. The exclusion
criteria were lack of informed consent to participate in
the study and the need for emergency surgery (e.g.,
due to bowel obstruction or haemorrhage).
During their first day of admission, a medical history
was obtained from each of the patients enrolled on the
study and a physical examination was performed that
included an assessment of anthropometric parameters
of nutritional status. After being discharged, the patients were invited to attend a follow-up visit 3 months
after their operation. In a long-term follow-up (average
1298.5 ± 607.8 days), the patient’s survival status was
checked during a telephone visit.

Parameters of nutritional status and body
composition assessment
The following parameters of nutritional and anthropometric status assessment were measured: Nutritional
Risk Screening (NRS)-2002 (a score of 3 or more points
in the questionnaire indicating a risk of malnutrition-related complications); Mini Nutritional Assessment (MNA,
a 17–23.5 score in the questionnaire indicating a risk
of malnutrition, and score < 17 diagnose malnutrition);
Patient-Generated Subjective Global Assessment (PGSGA) (a score of more than 4 points in the questionnaire
indicating a risk of malnutrition-related complications);
height (cm); body weight (kg); body mass index
(BMI, kg/m2), measured as the ratio of body weight
and the square of height expressed in meters; waist
circumference (WC, cm); waist-to-height ratio (WHtR),
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measured as the ratio of WC (cm) to height (cm); midarm circumference (MAC, cm); triceps skinfold (TSF,
mm) and subscapular skinfold thickness (SST, mm),
using the Harpenden MG-4800 manual skinfold caliper
(BATY, UK); and the handgrip strength (HGS, kg) of the
dominant and non-dominant hands using an electronic
dynamometer (Kern, Germany). Body composition was
determined using whole-body bioelectrical impedance
analysis (BIA) and a TANITA BC 420 MA device (TANITA
Corporation, Japan). The following BIA parameters were
analysed: fat mass (FM, expressed as a percentage of
total body weight [FM%] and as an absolute mass in
kg [FM kg]); visceral adipose tissue (VAT) score (in the
range 1–59, a level > 12 showing abdominal adiposity);
fat-free mass (FFM, kg); skeletal muscle mass (SMM,
expressed as a percentage of total body mass [SMM%]
and as the absolute mass in kg [SMM kg]); basal metabolic rate (BMR, kcal); and metabolic age (MA, years).
Moreover, because abdominal computed tomography
(CT) was performed in every CRC patient before surgery
(range of slice thickness: 1–5 mm), the regional densitometric quantification of skeletal muscle (SM, attenuation
limit –30 to 150 Hounsfield units [HU]), visceral adipose
tissue (VAT, attenuation limit –150 to –50 HU) and subcutaneous adipose tissue (SAT) and their cross-sectional
areas at the third lumbar (L3) vertebra were manually
selected as specific regions of interest (ROI) [25] and
parameters of body composition using OsiriX software
by Pixmeo SARL, Bernex, Switzerland (Fig. 1).
Functional status indices, such as Barthel, Activities
of Daily Living (ADL) and Instrumental Activities of Daily
Living (IADL), were also completed.

Biochemical determinations
Blood samples were taken from the ulnar vein of
each patient between 7 am and 8 am on the day of
admission while they were in a fasting state. For all the
patients with CRC, the following biochemical determinations were performed in the hospital’s diagnostic
laboratory using standard methods: blood morphology
with a detailed determination of white blood cell distribution (total lymphocyte count [TLC] and neutrophils),
glucose, albumin, C-reactive protein (CRP), and carcinoembryonic antigen (CEA). The Preoperative Onodera’s Prognostic Nutritional Index (OPNI) was also calculated according to the following formula: [10 × blood
albumin concentration (g/l)] + [0.005 × TLC (G/l)] [7].

Outcomes measured
The following outcomes were measured in the
perioperative period: length of stay and all-type postoperative complications, both surgical (e.g., surgical
site infection [SSI], anastomotic leakage, fistula) and
non-surgical (e.g., pneumonia, myocardial infarction,
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Figure 1. Example of computed tomography (CT) scans with the area-based densitometric quantification of tissues
measured at spinal level L3 with regions of interest (ROI) containing (from left to right): A. subcutaneous adipose tissue
(SAT) (threshold: –190 to –30 Hounsfield units [HU]); B. visceral adipose tissue (VAT) (threshold: –150 to –50 HU); and
C. skeletal muscle area (SM, threshold: –30 to 150 HU)

stroke). At a 3-month visit, as at baseline, nutritional
and functional status questionnaires were completed,
and anthropometric parameters of nutritional status and
BIA parameters of body composition were obtained. In
the long-term follow-up, patients’ survival was checked
during a telephone visit.

Table 1. Characteristics of the study population presented
as number (%) or median (interquartile range, IQR)

Height (cm)

168.8 (149.00–195.00)

Bioethics

Weight (kg)

82.06 (54.00–140.00)

The investigation was conducted in compliance with
the Declaration of Helsinki for medical research, after
receiving permission from the local Bioethical Committee (No. KB 595/2015).

Statistics
Statistical analysis was conducted using the licensed
version of the statistical software Statistica, version 13.3,
developed by Tibco Software, Inc. (2017). The normal
distribution of the study variables was checked using the
Kolmogorov-Smirnov test. Depending on the type of variable distribution, the results were presented as the median,
interquartile range (IQR), mean ± standard deviation, or n,
%, and the statistical significance of differences between
groups was verified using the Mann-Whitney U non-parametric test, Kruskal Wallis ANOVA test, Student’s t-test,
and Chi2 test. The statistical significance level was set
at a p-value < 0.05. A Cox’s hazards regression model
and Kaplan-Meier curve were determined in the survival
analysis. The optimal cut-offs for the respective significant
parameters (e.g., MNA score, WHtR) were determined for
maximal Youden indices by plotting receiver operating
characteristic (ROC) curves in predicting patient deaths.

Results
The analysis included 110 patients. Almost half of
those CRC patients had advanced neoplasm (WHO
stages III or IV), and the majority of the tumours were

Characteristic (n = 110)
Age (years)
Gender, male (n, %)

Size of tumour (cm)

67 (20–86)
67 (61)

4.44 (0.50–20.00)

CRC (WHO stage) (n, %)
I

29 (26)

II

29 (26)

III

41 (38)

IV

11 (10)

Site of tumour (n, %)
Rectum

43 (39)

Left colon

35 (32)

Right colon

32 (29)

Comorbidities (n, %)
Diabetes mellitus

33 (30)

Coronary artery disease

13 (12)

Hypertension

74 (67)

CRP-to-albumin ratio

2.37 (0.06–18.70)

Total lymphocyte count (G/L)
Total cholesterol (mg/dl)

1.98 (0.46–10.35)
177.70 (88.00–316.00)

Patients with perioperative
complications (n, %)

18 (16)

Length of in-hospital stay (days)

7 (7–8)

Death during follow-up (n, %)

33 (30)

located in the left colon and the rectum (Tab. 1).
Patients who failed to attend a visit 3 months after
surgery (n = 15; 13.6%) due to poor functional status were more likely to be sarcopenic, with regard
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Table 2. Nutritional status and body composition assessment of patients at baseline and postintervention
Variable

Before surgery
(n = 110)

Data obtained for
Baseline values
Baseline values
patients who attended for patients who failed for patients who
a visit 3 months
to attend a 3-month
died during
after surgery
visit
follow-up
(n = 95,86%)
(n = 15,14%)
(n = 33,30%)

Age (years)

67.20 ± 11.41

66.87 ± 10.58

69.27 ± 16.06

70.88 ± 9.00†

Weight (kg)

82.06 ± 16.73

77.40 ± 16.77

75.60 ± 13.06

85.98 ± 17.62

PG-SGA (score)

5.12 ± 4.17

4.91 ± 5.01

6.13 ± 3.44

6.18 ± 5.24

MNA (score)

25.31 ± 2.89

25.16 ± 3.46

24.50 ± 2.45

24.27 ± 2.53‡

OPNI (score)

41.93 ± 4.56

–

40.39 ± 3.97

41.06 ± 3.99

Barthel scale (score)

98.91 ± 3.61

95.53 ± 14.08

99.00 ± 3.87

97.88 ± 5.00†

ADL (score)

5.96 ± 0.19

5.82 ± 0.82

6.0 ± 0.00

5.91 ± 0.29†

IADL (score)

23.28 ± 1.75

22.69 ± 2.93

23.07 ± 2.28

22.67 ± 2.33†

Handgrip strength (kg)

31.30 ± 12.07

29.68 ± 11.40

26.29 ± 10.88†

28.44 ± 12.62

WHtR

0.59 ± 0.08

0.59 ± 0.08

0.57 ± 0.08

0.62 ± 0.08‡

Fat mass (%)

29.01 ± 9.47

24.50 ± 10.45

27.77 ± 10.88

30.18 ± 9.40

Skeletal muscle mass (kg)

44.55 ± 12.19

32.46 ± 7.32

42.03 ± 8.79

43.45 ± 12.80

Skeletal muscle mass (%)

38.82 ± 6.21

54.90 ± 5.05

40.06 ± 7.62

37.96 ± 5.92

Visceral fat index (score)

12.42 ± 5.15

18.41 ± 16.92

12.80 ± 7.12

13.44 ± 5.64

TSF (mm)

15.29 ± 8.42

15.57 ± 7.38

14.59 ± 8.04

15.12 ± 8.33

Calf circumference (cm)

36.81 ± 3.69

39.36 ± 6.12

35.60 ± 4.24

36.83 ± 4.36

Arm circumference (cm)

28.40 ± 3.54

28.40 ± 3.93

27.67 ± 2.81

28.76 ± 3.4

MAC (cm2)

23.49 ± 2.93

23.44 ± 3.52

22.86 ± 2.83

23.46 ± 3.24

AMA

(cm2)

44.61 ± 10.98

44.68 ± 13.41

42.18 ± 10.27

44.60 ± 12.22

AFA

(cm2)

21.96 ± 11.77

21.27 ± 10.29

19.73 ± 11.04

21.93 ± 10.94

0.53 ± 0.31

0.52 ± 0.29

0.51 ± 0.33

0.54 ± 0.32

BAMR (cm2)
(cm2)

99.73 ± 31.32

–

81.26 ± 31.64†

101.11 ± 35.01

CT-SAT

(cm2)

175.65 ± 78.81

–

137.84 ± 64.58

177.83 ± 85.62

CT-VAT

(cm2)

CT-SMM

160.70 ± 82.06

–

148.45 ± 107.49

174 ± 86.19

SMM-to-SAT ratio

0.69 ± 0.46

–

0.76 ± 0.74

0.68 ± 0.36

SMM-to-VAT ratio

0.69 ± 0.46

–

1.02 ± 1.18

0.71 ± 0.41

CRP-to-albumin ratio

2.37 ± 3.85

–

4.52 ± 5.74†

2.03 ± 3.43

177.70 ± 44.49

–

184.27 ± 52.11

158.27 ± 38.13‡

Total cholesterol (mg/dl)

The results are expressed as mean ± standard deviation (SD); † — p < 0.05, ‡ — p < 0.01 in comparison to baseline values obtained for patients
who attended a 3-month visit and those who survived the follow-up period. ADL — activities of daily living; AFA — arm fat area; AMA — arm muscle
area; BAMR — brachial adipo-muscular ratio; CRP — C-reactive protein; CT — computed tomography; IADL — instrumental activities of daily living; MAC — mid-arm circumference; MNA — Mini Nutritional Assessment; OPNI — Preoperative Onodera’s Prognostic Nutritional Index; PG-SGA
— Patient-Generated Subjective Global Assessment; SAT — subcutaneous adipose tissue; SMM — skeletal muscle mass; TSF — triceps skinfold;
VAT — visceral adipose tissue; WHtR — waist-to-height ratio

to lower baseline HGS and lower SM area in CT
(81.3 ± 31.6 vs. 102.4 ± 30.5 cm2; p = 0.03). They also
had a higher CRP-to-albumin ratio (Tab. 2).
After 1298.5 ± 607.8 days of follow-up (an average
of 3.6 years, median; IQR: 1293; 978–1792 days),
77 CRC patients (70%) survived. Compared to those
who died, those patients who survived had at baseline
significantly lower age and WHtR, as well as higher
functional status scores (Barthel, ADL and IADL indices),
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and higher MNA and blood total cholesterol concentration scores (Tab. 2). In the Cox’s proportional hazards
model, in addition to the WHO CRC advancement stage,
the other independent risk factors for death in the CRC
patients studied were the scores of the MNA, PG-SGA
and IADL indices, as well as WHtR (Tab. 3). However,
the values of the parameters of instrumental body
composition analysis (BIA, CT scans at L3) were not
associated with patient prognosis during the 3.6 years
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Figure 2. Kaplan-Meier curve for CRC patients’ 3.6-year survival in relation to WHtR value

Table 3. Cox’s hazards regression model for prediction
of death; Chi-square = 22.26; p = 0.014
Baseline values of
parameters

HR

95% Cl

P-value

Age (years)

1.02

0.98–1.07

0.269

CRC (WHO stage)

1.94

1.26–3.00

0.003

MNA (score)

0.85

0.74–0.98

0.021

PG-SGA (score)

1.13

1.03–1.23

0.010

Barthel index (score)

0.97

0.88–1.06

0.515

IADL (score)

0.79

0.65–0.96

0.017

WHtR

3.68

1.03–13.13

0.049

OPNI (score)

0.96

0.89–1.04

0.358

CT-SMM (cm2)

1.00

0.98–1.02

0.850

CT-SAT (cm2)

0.99

0.99–1.00

0.544

(cm2)

1.00

0.99–1.01

0.877

CT-SMM-to-CT-VAT ratio

0.54

0.12–2.35

0.409

Handgrip strength (kg)

0.81

0.31–2.10

0.660

SMM in BIA (%)

0.94

0.87–1.01

0.104

CRP-to-albumin ratio

0.92

0.81–1.05

0.219

Total cholesterol (mg/dL)

0.99

0.98–1.00

0.139

CT-VAT

BIA — bioelectrical impedance analysis; CI — confidence interval; CRC
— colorectal cancer; CRP — C-reactive protein; CT — computed tomography; CT-SAT — subcutaneous adipose tissue area in CT; CT-SMM
— skeletal muscle mass area in CT; CT-VAT — visceral adipose tissue
area in CT; HR — hazard ratio; IADL — instrumental activities of daily living; MNA — Mini Nutritional Assessment; PG-SGA — Patient-Generated
Subjective Global Assessment; OPNI — Onodera’s Prognostic Nutritional
Index; WHO — World Health Organization; WHtR — waist-to-height ratio

of the follow-up period. The survival of CRC patients
in relation to WHtR values below and greater than or
equal to 0.58 is presented in Figure 2. The cut-off value
for WHtR was obtained in ROC analysis (AUC 0.654;
0.95% CI: 0.542–0.765; p = 0.007).

Discussion
This study analysed the clinical and nutritional data
of CRC patients with typical neoplasm distribution in the
large intestine (Tab. 1). Patients who failed to attend
the 3-month follow-up visit due to poor functional state
were more likely to have lower HGS, and SM area in
CT, and higher CRP-to-albumin ratio at baseline (Tab.
2), which showed that sarcopenia before CRC surgery
is a risk factor for deterioration in patients’ functional
and performance status in the short-term period after
an operation. However, with regard to patients’ 3.6-year
survival after CRC surgery, the multifactorial analysis
showed that their risk of death was, in addition to the
WHO CRC advancement stage, related to (a) worse
baseline nutritional status, expressed by lower MNA
and PG-SGA scores; (b) worse baseline functional
status, expressed by a lower score on the IADL scale;
and (c) higher visceral adiposity expressed by a higher
WHtR (Tab. 3). Significantly, an association between
abdominal fat distribution, expressed by WHtR ≥ 0.58,
and a worse patient prognosis was also confirmed in
the Kaplan-Meier analysis (Fig. 2).
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Concerning deterioration in patients’ functional
status during the 3-month follow-up, other studies
corroborate the obtained results, showing that people
with malnutrition and/ or sarcopenia have a higher risk
of in-hospital death and complications [11–13, 15–16]
and need a longer hospital stay [26, 27]. Short-term
outcomes after CRC surgery were discussed in earlier
research [7]. According to the current definition of
sarcopenia [28–30], this clinical condition should be
diagnosed based on the confirmation, in order, of the
following criteria: impairment in patient’s performance
(loss of skeletal muscle function), low skeletal muscle
strength, and loss of muscle mass. This suggests that
a lower IADL score, as an index of low functional performance, found in this study before CRC surgery to be
a risk factor for death in a long-term follow-up (Tab. 3),
might be considered as a surrogate for sarcopenia, or
as a parameter at least partially related to preoperative
sarcopenia. This is despite not confirming that low HGS
and low SMM determined in BIA or CT are statistically
significant predictors of CRC patient mortality (Tab. 3).
It seems surprising that advanced methods of
body composition analysis (BIA, CT scans) failed to
predict a 3.6-year risk of all-cause death in the CRC
patients studied, in contrast to, for example, such simple anthropometric parameters as WHtR (Tab. 3), with
a cut-off value amounting to 0.58 (Fig. 2). However,
the present observation is consistent with the report
by Nattenmueller et al. [25], who found that WHtR was
a better predictor of adipose tissue compartments and
SMM than BMI and waist-to-hip ratio (WHR), although,
compared to the CT-based measurement, WHtR did not
adequately capture differences according to age and
gender. Nevertheless increased WHtR with different
cut-offs is recognized as a risk factor and/or prognostic
parameter in numerous clinical conditions, such as
thyroid cancer (WHtR ≥ 0.5) [31], primary liver cancer
[32, 33], prostate cancer (WHtR > 0.59 or ≥ 0.6 [34]),
gallbladder cancer [35], breast cancer [1, 36], kidney
cancer in postmenopausal women [37], all obesity-related cancers (WHtR ≥ 0.51 in men, and ≥ 0.57 in
women) [1, 38], CRC (WHtR ≥ 0.55 [39] or ≥ 0.5 [40]),
and prognosis after CRC surgery [41]. Moreover, increased WHtR is a better predictor for the risk of metabolic disorders (diagnostic value in descending order:
WHtR > WHR > WC > BMI) [42]. In addition, WHtR is
more strongly associated than BMI with obesity-associated mortality in patients with heart failure [43–45], and
with diabetes, diabetic nephropathy, hypertension, and
dyslipidaemia, [2, 46]. It should be underlined that some
authors report that A Body Shape Index (ABSI) or Body
Roundness Index (BRI) surpasses WHtR in relation to
the usefulness of anthropometric nutritional parameters
as prognostic and risk factors for cardiovascular and
cancer mortality [32, 47].
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Study limitations
As with the majority of studies, the present analysis
has some shortcomings that may reduce the strength
of the conclusions obtained. The small number of patients included in this study should be considered the
main limitation. Nonetheless, this study unquestionably
has strong points, which are the analysis of numerous
nutritional parameters and the evaluation of their usefulness as mortality predictors among CRC patients who
underwent surgery in one centre.

Conclusions
Patients’ functional statuses 3 months after surgery
due to CRC are related to baseline SM strength, mass,
performance, and CRP-to-albumin ratio. Whereas, 3.5year mortality among CRC patients after an operation,
in addition to the preoperative WHO CRC stage, was
also associated with higher nutritional risk (MNA, PGSGA), impaired functional status (IADL), and greater
visceral distribution of adipose tissue (WHtR) measured
before surgery.
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Introduction: The pandemic resulted in significant changes in the work organization within medical facili-

ties, mainly hospitals, which were handling the largest numbers of people infected with SARS-CoV-2. The
objective of the study was to analyse the impact of the COVID-19 pandemic on the functioning of Antoni
Jurasz University Hospital No. 1 in Bydgoszcz as a whole, as well as consider individual departments.
Material and methods: The data were acquired from the database of Antoni Jurasz University Hospital

No. 1 in Bydgoszcz and included: the average length of hospitalization, number of hospitalizations, and
number of deaths, as well as COVID-19 status. Information was collected for each month in the 2020–2021
period with a distinction between specific departments.
Results: The highest percentage of COVID-19 hospitalizations as well as the highest percentage of

COVID-19 deaths were noted from October 2020 to May/June 2020 and in November and December
2021. Correlations between new monthly COVID-19 cases in Kuyavian-Pomeranian Voivodeship and
several parameters (average length of hospitalization, total number of hospitalizations, mortality among
non-COVID-19 patients) have been established for selected departments.
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Conclusions: The analysis of the two years of the COVID-19 pandemic in Antoni Jurasz University Hospital

No. 1 in Bydgoszcz, Poland, found in selected departments a significantly increased in-hospital mortality,
decreased number of hospitalizations, and decreased length of stay. Departments exhibiting an opposite
impact of the pandemic on the average length of hospitalization were identified.
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Introduction
The first confirmed case of coronavirus disease
2019 (COVID-19) was reported in Poland on March 4,
2020 [1], while in the Kuyavian-Pomeranian Voivodeship
on March 17, 2020 [2]. The causative virus is transmitted
from person to person and spreads quickly between
geographical locations [3], which significantly affects
every area of our lives, especially the functioning of the
healthcare system.
The pandemic resulted in significant changes in
the work organization within medical facilities, mainly
hospitals, which were handling the largest numbers of
people infected with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Due to the rapid spread
of the virus, individual hospital departments as well

as entire medical facilities had to implement changes
in their day-to-day operations. The epidemiological
situation worldwide and in Poland specifically, led
to the enforcement of specific procedures in case of
confirmation of COVID-19 in patients or medical staff,
which greatly affected hospitals functioning. Limited
hospital admissions, compulsory quarantines, and the
establishment of COVID-19 isolation wards have disrupted the existing medical services. This applied not
only to people with a confirmed SARS-CoV-2 infection
but also to patients using hospital services for nonCOVID-19-related reasons during the pandemic. The
objective of the study was to analyse the impact of the
COVID-19 pandemic on the functioning of Antoni Jurasz
University Hospital No. 1 in Bydgoszcz as a whole, as
well as consider individual departments.

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to
download articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

314

www.journals.viamedica.pl/medical_research_journal

Patryk Rogaczewski et al., The impact of the COVID-19 pandemic on hospital functioning and mortality

Material and methods
The data were acquired from the database of
Antoni Jurasz University Hospital No. 1 in Bydgoszcz
and included: the average length of hospitalization,
number of hospitalizations, and number of deaths. The
COVID-19 status of the patients was also obtained.
The data were collected for each month in the
2020–2021 period with a distinction between specific
departments. Each department was assigned a number
(Tab. 1). Isolation wards were excluded due to their
specifications and temporariness. Publicly available
data on the number of new COVID-19 cases in the
Kuyavian-Pomeranian Voivodeship [4], where Antoni
Jurasz University Hospital No. 1 is located, was used
as a reference point.

Statistical analysis was carried out using the Statistica 13.3 package (TIBCO Software Inc, California,
USA). In the analysis non-parametric tests were used.
Categorical variables were presented as numbers
and percentages. Comparisons between two and four
groups were carried out using the c² test. To estimate
the correlation between two quantitative variables,
Spearman’s rank correlation was used. Results were
considered significant at p < 0.05.

Results
The highest percentage of COVID-19 hospitalizations
as well as the highest percentage of COVID-19 deaths
were noted from October 2020 to May/June 2020 and in

Table 1. Departments of Antoni Jurasz University Hospital No. 1 in Bydgoszcz with assigned numbers
Department
number

Department name

1

Department of Anaesthesiology and Intensive Care with a Subdivision of Cardioanaesthesiology

2

Department of Anaesthesiology and Intensive Therapy

3

Department of Vascular Surgery and Angiology

4

Department of General Surgery, Liver Surgery and Transplant Surgery

5

Department of Eye Diseases

6

Department of Dermatology, Sexually Transmitted Diseases and Immunodermatology

7

Department of Endocrinology and Diabetology

8

Department of Geriatrics

9

Department of Cardiac Surgery

10

Department of Cardiology

11

Department of Nephrology, Hypertension and Internal Medicine

12

Department of Neurosurgery, Neurotraumatology and Paediatric Neurosurgery

13

Department of Neurology

14

Department of Otolaryngology and Laryngological Oncology with the Subdivision of Audiology and
Phoniatrics

15

Department of Paediatrics, Allergology and Gastroenterology

16

Department of Paediatrics, Haematology and Oncology

17

Department of Transplantology and General Surgery

18

Department of General and Oncological Urology

19

Department of General and Oncological Surgery for Children and Youth

20

Department of Orthopaedics and Traumatology of the Locomotor System

21

Department of Palliative Medicine

22

Department of Neurological Rehabilitation

23

Department of Brain Strokes

24

Paediatrics Admission Room

25

Subdivision of Neonatology Intensive Care and Neonatal Surgery

26

Hospital Emergency Department

27

Nursing and Treatment Institute
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Table 2. Hospitalizations and deaths, considering COVID-19 status, in the entire hospital for each month in the years
2020–2021
Year

Month

Total
hospitalizations

Percentage
of COVID-19
hospitalizations

Total deaths

Mortality

Percentage
of COVID-19
deaths

2020

January

6759

0.00%

68

0.99%

0.00%

February

6473

0.00%

56

0.86%

0.00%

March

4920

0.00%

61

1.22%

0.00%

April

3451

0.03%

69

1.97%

0.00%

May

4961

0.00%

65

1.29%

0.00%

June

6045

0.00%

83

1.36%

0.00%

July

6620

0.00%

75

1.12%

0.00%

August

6258

0.00%

64

1.01%

0.00%

September

6343

0.06%

62

0.97%

0.00%

October

5858

2.68%

75

1.26%

10.67%

November

4865

4.01%

75

1.52%

12.00%

December

5041

3.81%

106

1.91%

18.87%

January

5377

3.24%

83

1.53%

15.66%

February

5602

1.96%

74

1.31%

8.11%

March

5901

3.29%

93

1.56%

12.90%

April

5681

4.63%

87

1.51%

34.48%

May

6315

1.08%

100

1.57%

18.00%

June

6777

0.00%

70

1.02%

1.43%

July

6538

0.05%

72

1.09%

0.00%

August

6450

0.00%

74

1.14%

0.00%

September

6622

0.02%

67

1.00%

0.00%

October

6812

0.26%

86

1.25%

0.00%

November

5874

2.13%

79

1.33%

10.13%

December

5491

3.26%

78

1.40%

6.41%

2021

November and December 2021. In this period the total
number of hospitalizations decreased. Specific data for
each month are presented in Table 2.
Correlations between new monthly COVID-19 cases
in Kuyavian-Pomeranian Voivodeship and several parameters (average length of hospitalization, total number
of hospitalizations, mortality among non-COVID-19 patients) have been calculated for each department using
Pearson correlation coefficient (Tab. 3).
A statistically significant positive correlation between
new monthly COVID-19 cases and an average length of
hospitalization was found for departments 1 and 8, that is
Department of Anaesthesiology and Intensive Care with
a Subdivision of Cardioanaesthesiology and Department
of Geriatrics. Negative correlations were identified and
deemed statistically significant for departments 3, 7, 9,
10, 11, 16, 17, 21, 23, and 27. The strongest negative
correlation was observed in department 21, Department
of Palliative Medicine (r = –0.8467; p < 0.05).
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The total number of hospitalizations correlated
negatively with new monthly COVID-19 cases in Kuyavian-Pomeranian Voivodeship in departments 2, 6, 7, 8,
13, 16, 22, and 27.
A positive and statistically significant correlation
between mortality among non-COVID-19 patients and
the number of new COVID-19 cases have been identified
for departments 1, 2, 3, 10, and 12. The Department of
Endocrinology and Diabetology (department 7) showed
a statistically significant negative correlation; however,
further analysis showed no impact of the pandemic on
the survival and deaths of non-COVID-19 hospitalized
patients in this department.
Due to the variability of the number of new
COVID-19 cases in the years 2020–2021 in Kuyavian-Pomeranian Voivodeship, the entire analysed period was
divided into periods 1 and 2, where period 1: monthly
level of new COVID-19 infections < 1000; period 2:
monthly level of new COVID-19 infections > 1000.
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Table 3. Correlations between new monthly COVID-19 cases in Kuyavian-Pomeranian Voivodeship and the average
length of hospitalization, the total number of hospitalizations, and mortality among non-COVID-19 patients for each
department
Department

The average length of
hospitalization
r

p-value

Total number of
hospitalizations
r

p-value

Mortality among non-COVID-19 patients
r

p-value

1

0.46

0.02

–0.25

0.24

0.43

0.03

2

0.21

0.32

–0.73

0,00

0.52

0.01

3

–0.51

0.01

–0.15

0.49

0.49

0.02

4

0.09

0.67

0.01

0.96

0.25

0.25

5

–0.17

0.44

0.03

0.91

0.00

0.00

6

–0.31

0.14

–0.41

0.04

–0.04

0.84

7

–0.61

0.00

–0.63

0.00

–0.56

0.01

8

0.54

0.01

–0.53

0.01

–0.04

0.85

9

–0.69

0.00

–0.24

0.27

0.24

0.27

10

–0.51

0.01

–0.27

0.20

0.52

0.01

11

–0.45

0.03

0.14

0.50

0.17

0.44

12

0.15

0.49

–0.35

0.09

0.42

0.04

13

0.19

0.38

–0.55

0.00

0.21

0.31

14

0.08

0.71

–0.21

0.33

–0.23

0.27

15

0.27

0.20

–0.28

0.19

0.00

0.00

16

–0,57

0.00

–0.42

0.04

–0.28

0.18

17

–0.54

0.01

–0.07

0.75

–0.11

0.61

18

0.14

0.50

–0.35

0.10

–0.15

0.50

19

0.06

0.79

–0.11

0.60

–0.16

0.45

20

–0.19

0.36

0.01

0.95

–0.16

0.46

21

–0.85

0.00

–0.02

0.93

0.11

0.60

22

–0.34

0.10

–0.61

0.00

0.31

0.15

23

–0.57

0.00

–0.12

0.56

0.08

0.72

24

0.00

0.00

–0.28

0.19

0.00

0.00

25

0.09

0.66

0.27

0.19

0.00

0.00

26

–0.02

0.92

–0.34

0.10

0.37

0.08

27

–0.43

0.04

–0.59

0.00

–0.02

0.92

Additionally, period 1 consists of subperiods 1a and 1b,
while period 2 of subperiods 2a and 2b. The subperiods
go forward as follows: 1a: January 2020 — August
2020; 2a: September 2020 — May 2021; 1b: June
2021 — September 2021; 2b: October 2021 — December 2021.
The departments previously identified as having
a positive correlation between mortality among nonCOVID-19 patients and the number of new monthly
COVID-19 cases in Kuyavian-Pomeranian Voivodeship
(departments 1, 2, 3, 10, and 12) have been further
analysed, taking into account the predefined periods
as shown in Tables 4 and 5. In period 1, the total mor-

tality in the selected departments was 4.2%, while in
period 2, the mortality was 6.4%. This indicates a significant increase (p < 0.0001) in mortality in the period
when the monthly level of new COVID-19 infections
in the Kuyavian-Pomeranian Voivodeship was above
1000 people (Tab. 4), showing that total mortality in the
selected departments correlated with the number of new
COVID-19 infections in the region (Fig. 1).
In the subperiods 1a, 2a, 1b, and 2b, the mortality rates
in selected departments were 4.3%, 5.2%, 3.9%, and 5.8%,
respectively. This analysis indicated that the mortality rates
were significantly higher (p < 0.0021) in periods 2a and
2b compared with periods 1a and 1b (Tab. 5).
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Table 4. Mortality in the selected departments with a distinction between prespecified periods: period 1: monthly level
of new COVID-19 infections < 1000; period 2: monthly level of new COVID-19 infections > 1000
Department

Period 1

Period 2

p-value

Survival

Deaths

Mortality

Survival

Deaths

Mortality

Department of Anaesthesiology
and Intensive Care with a Subdivision
of Cardioaanesthesiology

753

20

2.6%

699

24

3.3%

0.40226

Department of Anaesthesiology
and Intensive Therapy

551

144

20.7%

414

213

34.0%

< 0.00001

Department of Vascular Surgery
and Angiology

1314

14

1.1%

1204

30

2.4%

0.00735

Department of Cardiology

4014

145

3.5%

3772

200

5.0%

0.00053

Department of Neurosurgery,
Neurotraumatology and Paediatric
Neurosurgery

1448

27

1.8%

1275

38

2.9%

0.06321

Summary

8080

350

4.2%

7364

505

6.4%

< 0.0001

Figure 1. Total mortality in the selected departments correlated with the number of new COVID-19 infections in KuyavianPomeranian Voivodeship on a monthly basis in 2020–2021. New non-COVID-19 hospitalizations are shown in the background

Discussion
The analysis of Antoni Jurasz University Hospital
No. 1 in the Bydgoszcz database, particularly in terms
of non-COVID-19 patients, yielded significant findings
regarding hospital functioning during the pandemic.
Selected departments noted increased in-hospital
mortality and decreased the number of hospitalizations
as well as a significant impact on the length of stay
for hospitalizations. The changes correlated with new
monthly COVID-19 cases in the region. To the best of
the authors’ knowledge, this is the first study to investigate the impact of the COVID-19 pandemic on an entire
hospital and on all its departments individually.
The reduction in hospital admissions of nonCOVID-19 patients was also observed in hospital depart-
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ments in other countries, that is in the UK [5], the USA [6],
Italy [7], and Australia [8]. In Poland, in 24 Cardiology Departments, the total number of hospitalizations in 2020 decreased by 28.6% compared to the year before [9].
The reduction in hospital admissions happened regardless of department size [10]. This trend can be
ascribed not only to public sentiment associated with
the pandemic but also to governmental regulations. To
minimize the risk of COVID-19 infection, on March 15,
2020, the Polish National Health Fund (NFZ, Narodowy
Fundusz Zdrowia) issued recommendations to reduce
to the necessary minimum or temporarily suspend the
provision of scheduled and elective services; however,
some medical services could have been provided via
communication and information systems [11]. Nevertheless, the Supreme Audit Office (NIK, Najwyższa
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5.8%
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1774
3.9%
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2862
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5590
4.3%
5218
Summary
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0.01466
5.3%
12
214
2.0%
10
497
2.4%
26
1061
1.8%
17
951
Department of Neurosurgery, Neurotraumatology
and Paediatric Neurosurgery

0.00323
4.3%
43
956
3.6%
54
1467
5.3%
157
2816
3.4%
2547
Department of Cardiology

91

0.01360
3.2%
11
332
0.4%
2
477
2.1%
19
872
1.4%
837
Department of Vascular Surgery and Angiology

12

0.27984
27.6%
37
97
22.7%
47
160
21.5%
87
317
19.9%
391
Department of Anaesthesiology and Intensive Therapy

97

3.8%
7
175
1.5%
4
261
3.1%
17
524
3.1%
16
492
Department of Anaesthesiology and Intensive Care
with a Subdivision of Cardioanaesthesiology

Survival

Deaths Mortality Survival

Deaths Mortality Survival

Deaths Mortality Survival

Deaths Mortality

0.46117

p-value
Period 2b
Period 1b
Period 2a
Period 1a
Department

Table 5. Mortality in the selected departments with a distinction between prespecified subperiods: period 1a: 01.2020–08.2020; period 2a: 09.2020–05.2021; period 1b:
06.2021–09.2021; period 2b: 10.2021–12.2021
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Izba Kontroli), conducting inspections in medical facilities throughout Poland between January 2020 and
May 2021, concluded that some of the hospitals were
ineffective in the management of available beds for
COVID-19 patients, which could have led to limiting the
access to hospital care for non-COVID-19 patients [12].
The length of stay can be a very important indicator
of effective hospital management and quality of patient
care. The shorter the length of hospital stay, the greater
the availability of beds for patients and the lower the
consumption of hospital resources. Reduced duration
of hospitalization is associated with a lower risk of opportunistic infections as well as lower mortality rates
[13]. In the present analysis, selected departments
managed to reduce the average length of hospitalization. On the other hand, in the case of the Department of
Anaesthesiology and Intensive Care with a Subdivision
of Cardioanaesthesiology (department 1), an increased
average length of hospitalization correlating with new
monthly COVID-19 cases in Kuyavian-Pomeranian
Voivodeship co-occurred with the increase in mortality
rates, with a potential cause-and-effect relationship. The
longer average hospitalization length in the Department
of Geriatrics (department 8) could have resulted in lower
availability of beds for patients, potentially leading to
a reduced number of hospitalizations in this department.
It can be speculated that the decrease in mortality rate
in the Department of Endocrinology and Diabetology
(department 7), which correlated with new monthly
COVID-19 cases in the region, could be explained by
shorter hospitalization length and lower number of
hospitalized patients in this department.
In-hospital mortality rates in selected departments were higher when the monthly number of new
COVID-19 infections exceeded 1000. The highest
in-hospital mortality was recorded in period 2b, i.e.
October 2021 — December 2021. The Department
of Anaesthesiology and Intensive Therapy (department 2) had the highest mortality of 34.8%, which
was recorded in November 2021. Several studies
have been conducted to investigate the impact of the
COVID-19 pandemic on non-COVID-19 hospitalized
patients’ mortality. A study by Boyer et al. [14] investigated non-COVID-19-related acute hospitalizations of
patients with schizophrenia and patients without mental
disorders in the pre-COVID-19 and COVID-19 periods in
France. The 90-day hospital mortality in schizophrenic
patients increased significantly more than in the control
group. Authors suggested that the quality and safety of
patient care as well as its accessibility were the factors
contributing to this increase in mortality. In a post hoc
analysis of the SepsisDataNet.NRW study [15] conducted in Germany, non-COVID-19 sepsis patients admitted
before and during the pandemic were compared. A significant increase in raw 30-day mortality was noted in
the group admitted to hospitals during the pandemic
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(33% vs. 52%, p = 0.004). However, a notable difference in the severity of the disease on admission was
also found. When adjusted for this finding, the mortality
rates were 52% in both groups. This may be due to
difficult access to medical care and delayed hospital
admission during the pandemic. In terms of the proper
functioning of health services during the pandemic,
the role of healthcare workers cannot be overstated. It
has been proven that exposure of severely ill patients
to medical personnel with a heavy workload reduces
the chances of survival [16]. On that matter, a study
by Grzelakowska et al. [17] conducted in Poland, at
Antoni Jurasz University Hospital No. 1 in Bydgoszcz,
explored how the COVID-19 pandemic affected the
healthcare workers of this facility. The medical personnel was a significantly affected group, which could
have been observed through higher rates of infections
and quarantines, especially among nurses and doctors. The study showed that COVID-19 had both direct
and indirect impacts on the availability of healthcare
workers through infections, quarantine, and sick leave,
undoubtedly affecting hospitals’ resources.
The limitation of this study was the influence of state
administration (Ministry of Health and provincial governor Voivode) on the functioning rules of the hospital.
The organizational changes made by the Antoni Jurasz
University Hospital No. 1 in Bydgoszcz during the pandemic were oftentimes not dictated by considerations of
the facility’s current epidemiological condition but rather
were mandatory government-enforced regulations. It
is also important to note that this analysis focuses on
the influence of COVID-19 on the hospital within two
years. It is fundamental to investigate the long-term
impact of the pandemic on hospital functioning and
clinical outcomes in the future.
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Introduction
In patients with haematological malignancies
(HM), plenty of factors, including dose-intensive chemotherapy and haematopoietic stem cell transplantation
(HSCT), may cause severe and persistent neutropenia,
resulting in the risk of a compromised immune system and increased susceptibility to opportunistic and
life-threatening bacterial and fungal infections. Granulocyte transfusions (GTx), which have been in use for
more than 50 years, seem to be a sensible therapeutic
approach to this problem [1, 2]. The theoretical potential
for granulocyte transfusion was established by early
animal studies, which showed that granulocytes transfused to neutropenic dogs were of normal appearance
and viability and migrated to the sites of infection [3].
Later, animal models of bacterial and fungal infections
supported the efficacy of GTx therapy [4, 5]. In the
1960s, granulocytes were collected from patients with
chronic myeloid leukaemia (CML) who had high white
blood cell (WBC) counts, using filtration techniques
and without blood group compatibility and infectious
agent testing. This was the first known use of GTx in
humans [6]. Due to the transfusion of malignant cells,
this method is contentious to readers today, yet it
was thought to be a realistic choice at the time [2, 7].

The increased granulocyte collection efficiency was
achieved by the introduction of automated blood cell
separators. Apheresis enabled the selective collection
of higher doses of granulocytes than would be possible
from a unit of whole blood, with the added benefit of
less donor red cell loss, ultimately eliminating the need
for CML donors [8]. To further enhance leukapheresis, before the procedure, donors were injected with
macromolecule starch solutions, which sediment red
blood cells (RBC), separating them from the granulocyte layer and increasing the granulocyte yield [9–11].
Donors were also given corticosteroids to increase the
amount of WBC in the bloodstream by both stimulating
granulocyte release from the bone marrow and limiting
their efflux from the peripheral blood. The functional
tests carried out on granulocytes collected from both
steroid-stimulated and unstimulated donors revealed
that their chemotaxis, candidacidal activity, and phagocytosis significantly decreased at 24 hours of ex vivo
storage [12]. Granulocyte transfusions were eventually
reduced to a minor role because of the difficulties in cell
collection, GTx-related toxicity, and low clinical efficacy [13]. Early in the 1990s, interest in the therapeutic
use of GTx to strengthen host defences was revived
by the development of leukapheresis and the clinical
use of granulocyte colony-stimulating factor (G-CSF)
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[14]. All things considered, there have been significant
improvements in the collecting and administration
methods since the launch of GTx therapy. Nowadays,
granulocytes are collected from related or unrelated
donors after priming them with a combination of G-CSF
and corticosteroids [15]. Furthermore, even though the
therapeutic efficacy of GTx is not well-defined, granulocyte transfusion still holds clinical and research interest.
As the results of the latest studies on the efficacy of GTx
therapy in neutropenic patients with haematological
malignancies have now been published, it seems to
be a good idea to review the existing data.

Neutrophils — first responders to
a “crime scene”
Neutrophils are the most numerous innate immune
cells in the peripheral blood of healthy adults and
represent 50–70% of circulating leukocytes. Under
physiological conditions, neutrophils are produced in
the bone marrow at a rate of 109 cells/kilogram of body
weight/day [16]. An emergency granulopoiesis takes
place in cases of inflammation or infection, enhancing
daily neutrophil production [17]. The differentiation
of haematopoietic cells into myeloblasts, promyelocytes, myelocytes, metamyelocytes, band cells, and
ultimately granulocytes is regulated by a wide range
of stimuli [18]. Because of their short life span, neutrophils need to be regularly replenished by the bone
marrow precursor cells [19]. Neutrophils die by spontaneous apoptosis, and the liver, the spleen, and the
bone marrow are the places in the body where blood
is cleansed of dead cells [20]. Neutrophils contain
a characteristic segmented nucleus that is made up
of 3–5 lobes connected through a thin strip of nuclear
material [21]. Their cytoplasm is filled with many little
granules, which are a crucial feature of these cells and
contain different types of proteins. Based on that, they
can be classified as azurophilic, specific, or gelatinase
granules. Azurophilic granules’ main component is
myeloperoxidase (MPO) — the enzyme that triggers
the oxidative burst [22–24]. Specific granules mainly
include lactoferrin. Gelatinase granules serve as a reservoir for metalloproteases–gelatinase and leukolysin.
Thus, the collection of antimicrobial agents, which are
necessary for most neutrophils’ activities and impact
both innate and adaptive immunity, is covered by the
granules [25]. Neutrophils are the first leukocytes to
reach the sites of inflammation or infection to fight off
invading microorganisms [26]. The activation of neutrophils involves endothelial cell adhesion, chemotaxis
(migration to inflamed tissues), phagocytosis, degranulation, reactive oxygen species (ROS) generation,
and cytokine production. The cytokines released to
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contribute to the inflammatory process by drawing more
leukocytes to the sites of inflammation [27]. As soon
as they are activated, neutrophils migrate following the
gradient of cytokines and other compounds, adhere
to the endothelial cells and pass to the tissues. Then,
in the process of chemotaxis, they move towards the
sites of inflammation, where they phagocytose and
digest pathogens and release ROS [28]. Besides that,
neutrophils release several cytokines, such as IL-1, IL6, and tumour necrosis factor a (TNF-a), and chemical
mediators [29]. Neutrophils participate in both efferent
(phagocytosis and degranulation) and afferent (release
of immunomodulatory molecules) processes that are
related to inflammatory and immune responses [30].
Neutrophils quickly perish after performing specific
actions in damaged or infected tissues, releasing toxic
granular proteins and DNA genomic strands to capture
and eliminate invading microorganisms [31, 32].

Granulocyte concentrates in a nutshell
Granulocyte concentrates (GC) are plasma-suspended granulocytes (especially neutrophils) mainly
prepared from the whole blood of healthy donors by
automatic apheresis using a cell separator. Granulocyte products may also be obtained by pooling up
to 12 ABO-matched buffy coats within 18 hours of
donation with platelet additive solution added before
recentrifugation, which results in the development of
a purer pooled granulocyte component. The red cell
residue, supernatant, and granulocyte-rich layer (buffy
coat) are separated. The buffy coat is then mixed with
70 mL of ABO-matched plasma from one of the donations [33]. To ensure a sufficient number of granulocytes and prolong their survival time, blood donors are
pretreated with corticosteroids and/or G-CSF [34–36].
However, the exposure of healthy donors to any form of
premedication is controversial from a safety and ethical
point of view. Most of the side effects associated with
the use of stimulating factors are mild and short-term
(headache, muscle pain, or bone pain). Although, there
are reports that repeated administration of stimulating
factors may cause thrombosis (possibly as a result of
the increased number of WBC in the blood), rupture of
the spleen, allergic reactions, or bone marrow expansion that leads to flu-like symptoms [37–41]. During
apheresis, the collected blood is supplemented by
hydroxyethyl starch (HES), which is a sedimenting
agent, to improve the separation of granulocytes from
erythrocytes. Granulocyte donations are limited to four
per blood donor per year due to the possibility of severe
itching after HES infusion [37, 42]. Neutrophils that
are morphologically and functionally intact are the key
elements of GC. The presence of platelets, which are
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frequently abundant in GC, helps lessen the recipient’s
thrombocytopenia. Residual amounts of erythrocytes,
plasma, anticoagulants, or sedimentation accelerators
are said to have no clinical impact on the GC’s recipient.
However, due to the relatively high content of erythrocytes, a serological compatibility test must be done
before transfusion [43]. Every GC should be irradiated
before storage, which does not worsen the function of
granulocytes but protects against transfusion-associated graft-versus-host disease (TA-GvHD). GC can be
stored without agitation at room temperature for up to
24 hours. After this time, there is a gradual impairment
of neutrophil function–from chemotaxis to bactericidal
capacity. Because of that, granulocyte transfusion
should be done as soon as possible after preparation
[44–46]. The therapeutic dose of granulocytes ranges
from 1.5 to 3 x 108 granulocytes/kilogram of body
weight for adults and children and should be over 1 x
109 granulocytes/kilogram of body weight for newborns
[47, 48]. GC should be administered at least once a day
until the expected clinical effect is achieved, meaning
fever and/or other symptoms of infection are resolved,
or the number of granulocytes increases as a result of
the patient’s production. However, an increase of fewer
than 500 granulocytes/μL up to 4 hours after transfusion
is considered unsatisfactory and not promising [49,
50]. Before transfusion, every GC must be subjected
to visual quality control. Bag integrity, coagulation,
aggregate formation, discolouration, and haemolysis
must be checked. Additionally, the product’s expiration
date, proper assignment to the patient, and complete
labelling must all be verified. Any questionable GC
should not be transfused [43].

lating in the peripheral blood is lower than 1500/μL. It
can be caused by excessive destruction (chemotherapy, radiotherapy, or autoimmune diseases–Felty’s
syndrome), decreased production (aplastic anaemia,
acute leukaemias, or myelodysplastic syndromes)
and inappropriate distribution (splenomegaly) [52].
Neutrophil dysfunction, on the other hand, underlies
such conditions as chronic granulomatous disease
and Chediak-Higashi syndrome [53, 54]. Therefore, it
is believed that GTx should be used in cases of severe
infections in the absence of effective antibacterial and/or
antifungal drugs, such as 1) infection in a neutropenic
patient with a neutrophil count < 500/μL, 2) sepsis
in newborns with a neutrophil count < 3000/μL (due
to the high mortality rate in this group of patients), 3)
recurrent infections in patients with certain congenital
neutrophil dysfunction, and 4) bone marrow hypoplasia.
In contrast, GTx is contraindicated in patients with no
prognosis for the recovery of granulopoiesis, or patients
in whom post-transfusion adverse reactions have occurred [49, 50, 55–57]. Patients treated concurrently
with amphotericin B also should not receive GTx. It
is recommended to maintain an interval of 4–8 hours
between the administration of amphotericin B and the
GTx therapy. This is because reports are indicating that
concomitant therapy with amphotericin B and GTx may
increase the risk of severe pulmonary post-transfusion
reactions [58, 59]. However, this relationship has not
been sufficiently well documented. It should be remembered that post-transfusion complications are observed
quite often after granulocyte transfusion. Moreover, it
has been suggested that the increased frequency of
observed pulmonary complications may be the result
of the increased tropism of the transfused neutrophils
to the inflammation sites in the lungs [60].

Indications and contraindications for
GTx therapy

Chronic granulomatous disease

As mentioned before, neutrophils play a key role
in the body’s defence responses against microorganisms. Therefore, any quantitative and/or qualitative
disorder of these cells significantly increases the risk of
life-threatening infections [51]. Neutropenia is a condition in which the absolute number of neutrophils circu-

Chronic granulomatous disease (CGD) is a hereditary primary immunodeficiency resulting in recurrent
and severe infections, dysregulated inflammation, and
autoimmunity. It is caused by the dysfunction of the
NADH oxidase complex in phagocytes. The NADPH
oxidase complex is made up of membrane-bound and

Table 1. Estimated risks of selected post-transfusion complications [64]
Adverse effect

Risk per blood products transfused

Febrile nonhemolytic transfusion reaction

1 in 900

Acute haemolytic transfusion reaction

1 in 200 000

Delayed haemolytic transfusion reaction

1 in 22 000

Transfusion-associated circulatory overload

1 in 9 000

Transfusion-related acute lung injury

1 in 60 000

Transfusion-associated graft-versus-host disease
www.journals.viamedica.pl/medical_research_journal

1 in 13 000 000
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cytosolic proteins that take part in ROS production
after neutrophils and monocytes are activated. Genetic
mutation in any of the structural subunits of the NADH
oxidase complex causes irregularities in the production
of ROS that are essential for killing invading microorganisms [61].

concentrate. HTR occurs in cases of donor-recipient
ABO mismatch [65–67]. It can be acute (occurring
within 24 hours) or delayed (occurring at 24 hours or
more). It can result in haemolysis (intravascular or extravascular), fever, chills, jaundice, acute kidney injury,
pain, shock, disseminated intravascular coagulation,
and death [67, 68].

Chediak-Higashi syndrome
Septic reaction
Chediak-Higashi syndrome (CHS) is a rare autosomal recessive immune disease that is characterized
by partial oculocutaneous albinism, bleeding tendency, recurrent and severe infections, and neurological
symptoms, such as ataxia or neuropathies. It is caused
by the mutation in the lysosomal trafficking regulator
(LYST) gene that regulates the synthesis, fusion, and
transport of cytoplasmic granules. The mutation disrupts these processes, resulting in enlarged vesicles
and non-functional lysosomes, which lead to impaired
bactericidal activity [62].

Adverse effects of GTx

Septic reaction is linked to involuntary bacterial
infection of blood products, most commonly with Staphylococcus spp. and Streptococcus spp. — bacteria
from the skin microbiome [68, 69]. It occurs in 1 out of
every 100 000 units of the transfused product [68, 70].
Symptoms, which include fever, chills, increased heart
rate, a drop in blood pressure, and sudden changes in
consciousness, usually develop within 24 hours of the
transfusion. It is imperative to rapidly isolate the bacteria from the transfused product and/or the patient’s
blood, identify it, and initiate antimicrobial therapy with
broad-spectrum antibiotics [71].

Transfusion-transmitted infection

After years of clinical practice, it is believed that treatment with blood and its components is irreplaceable
and generally safe. However, despite the introduction
of best collection methods, testing of donors and recipients, and the blood safety vigilance system, there
is still a risk of various post-transfusion complications,
from mild to severe, that are life-threatening. Post-transfusion complications constitute a diverse group of
adverse reactions to the transfusion of blood products
that occur during or shortly after transfusion. Some of
them may take months or even years to appear. Hence,
it is extremely important to observe the patients before,
during, and after the transfusion [63].

A transfusion-transmitted infection (TTI) is a virus,
parasite, or other pathogens that can be transmitted in
donated blood products through a transfusion to a recipient. Preventing the spread of these microorganisms
by transfusion is essential. Before each blood donation,
donors are screened for signs and symptoms of infectious disease and for activities that might put them at
risk for infection. Blood samples taken from them are
also tested each time for the presence of infectious
agents. Yet, despite careful donor selection and performing screening tests, there is a small but real risk of
transfusion-transmitted infection (Tab. 2) [70].

Febrile nonhemolytic transfusion reaction

Transfusion-associated circulatory overload

Febrile nonhemolytic transfusion reaction (FNTR)
occurs in about 1% of transfusion cases [65–68]. It
manifests as a temperature increase of 1°C or greater,
chills, hypertension, rigours, tachycardia, and tachypnoea. It is caused by a binding reaction between the
recipient’s antibodies and the donor’s granulocytes,
which are the main components of GC. The presence
of proinflammatory cytokines in the transfused product
may also be the cause [67].

Transfusion-associated circulatory overload (TACO)
is one of the most serious risks in transfusion medicine
Table 2. Estimated risks of transfusion-transmitted
infections [70]

human immunodeficiency virus
(HIV)

1 in 2 000 000

Haemolytic transfusion reaction

hepatitis C virus (HCV)

1 in 2 000 000

hepatitis B virus (HBV)

1 in 2 000 000

cytomegalovirus (CMV)

1 in 3 000 000 or less

Plasmodium spp.

1 in 3 000 000 or less

A haemolytic transfusion reaction (HTR) is
a life-threatening reaction that is triggered by the recipient’s antibodies destroying the donor’s RBC which
may be found in small amounts in the granulocyte
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Pathogen

Treponema pallidum
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TTI risk per unit of the
transfused product

none
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[72]. It develops during or shortly after (within 6 hours)
the transfusion. It is caused by an increase in hydrostatic
blood pressure as a result of fluid volume overload. It
leads to fluid leakage into the alveolar space, which imitates congestive cardiac failure [73]. It is distinguished
by dyspnoea, orthopnoea, tachycardia, hypertension,
and elevated central venous pressure. These symptoms
can progress to acute pulmonary oedema, which can be
seen on chest X-rays and is sometimes accompanied
by cardiomegaly [74, 75]. Treatment options for TACO
include oxygen therapy, diuretics, continuous positive airway pressure (CPAP), and therapeutic phlebotomy [76].

Transfusion-related acute lung injury
Transfusion-related acute lung injury (TRALI) is
non-cardiac pulmonary oedema that occurs within
6 hours after the transfusion. It manifests with sudden
dyspnoea, hypoxia, a respiratory failure that often requires mechanical ventilation, and bilateral infiltrates in
the lungs visible on chest X-rays. Its symptoms usually
disappear after 48–96 hours, with a mortality rate ranging between 5–10%. It is believed that the presence of
anti-leukocyte antibodies (anti-HLA) in the recipient’s
blood is the cause of this condition [40].

Transfusion-associated graft-versus-host disease
TA-GvHD is a rare disease with a very high mortality
rate (90–100%). It is caused by the reaction between the
transfused immunologically competent and proliferating
donor’s T cells and the recipient’s cells [65–68]. Patients
at the highest risk of TA-GvHD are typically severely
immunocompromised (bone marrow transplant recipients and patients with severe lymphopenia or inherited deficiencies in cellular immunity). Symptoms that
appear 4–30 days after the transfusion include fever,
skin rash, nausea, vomiting, diarrhoea, liver and kidney
failure, and bone marrow damage with pancytopenia.
To prevent TA-GvHD, the blood product intended for
the transfusion should be irradiated [67, 68].

The efficiency of GTx in neutropenic
patients — clinical evidence
Despite widespread clinical use, there are limited
studies on neutropenic patients that examine the efficiency of GTx in combating life-threatening infections
with pathogens resistant to appropriate pharmacological treatment. A literature search on granulocyte transfusions in haematology/oncology patients with neutropenia was performed, using PubMed, ScienceDirect,
and Wiley Online Library databases. The medical search
terms included “granulocyte transfusion,” “haemato-

logical malignancy,” “neutropenia,” and “infection,”
resulting in 166 citations. The exclusion criteria were:
1) articles without open access, 2) articles published in
a language other than English, 3) review articles, case
studies, editorials, abstracts, and conference presentations, 4) studies conducted on animals, paediatric
patients, and non-oncological patients, 5) studies in
which the outcome results of GTx therapy were not the
primary outcome measure, 6) articles published before
2011 (to ensure the latest results). Eight studies met
all established criteria. Table 3 summarizes the results
obtained from these studies.
Kim et al. [77] performed an efficiency analysis
which included 979 GTx for 138 episodes of febrile neutropenia in 128 patients who received at least three GTx
per episode. The most common underlying diseases
were acute leukaemia (70.3%), lymphoma (12.3%) and
aplastic anaemia (9.4%). At the time of GTx, the underlying disease was rather relapsed or refractory (50%) or
newly diagnosed (31.2%) than in complete remission
(18.8%). The most common cause of neutropenia was
dose-intensive chemotherapy (78.3%), followed by
underlying disease (13%). In almost half of the cases,
patients suffered from various comorbidities, such as diabetes mellitus (21.7%), cardiovascular disease (8.7%)
or liver disease (8%). The presence of microorganisms
in the blood cultures was found in 78 episodes (56.5%).
Gram-negative bacteria (23.9%), Gram-positive bacteria
(14.5%) and fungi (7.2%) were isolated from the blood
cultures. In 10.9% of episodes, patients were infected
with multiple species of bacteria. Patients received a median of 5 GTx per episode (range: 3–38), with a median
granulocyte dose of 0.96 x 109/kg/transfusion (range:
0.47–1.8 x 109/kg/transfusion). Adverse reactions, such
as fever (18.8%), hypotension (6.5%), rigour (5.9%),
rash (4.7%), massive haemoptysis (3.5%) and respiratory failure (5.9%), were observed and generally well
tolerated. The authors noted that the control of infection
was achieved in 73 of the 138 episodes (52.9%) with
a 28-day infection-related survival rate of 64.7 ± 4.1%
and that the granulocyte dose had no relationship with
both infection control and infection-related survival rate.
They also showed that patients with fungal infections
and Gram-negative bacterial infections had better
infection control than patients with Gram-positive bacteriemia and multiple species bacteriemia. It led them
to the conclusion that GTx could be a viable adjunctive
treatment for febrile neutropenia in patients with haematologic diseases.
Raad et al. [78] came to the opposite conclusion.
Their study included 128 patients with HM and prolonged neutropenia with a proven or probable invasive
aspergillosis (IA) infection, of whom 53 patients received
one or more GTx and 75 none. The vast majority of patients suffered from leukaemia (89% in the GTx group
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respiratory complications (8%), fever (3%)

N = 56
median age: 29 (6–65)
underlying conditions: aplastic anaemia
indications for GTx: fungal infection (55%), bacterial infection (45%)

N = 11
6.84 ± 2.34 x 1010
respiratory complicagranulocytes/
tions (18%) and HLA
median age: 46 (range: 17-58)
underlying conditions: severe aplastic anaemia (46%), myelodysplastic syndrome component transfused immunization (18%)
(18%), non-Hodgkin’s lymphoma (18%), acute lymphocytic leukaemia (9%),
chronic myelocytic leukaemia (9%)
indications for GTx: invasive Fusarium spp. infection

Kadri et al. (2015)
[81]

9.2 ± 4.7 x 109 cells/ chills and fever (8.3%),
component transfused dyspnoea (1.9%),
allergic reactions (3.4%)
and acute heart failure
(0.2%)

5.6 x 1010 cells/
transfusion
(range: 4–10 x 1010
cells/transfusion)

Wang et al. (2014)
[80]

Safdar et al. (2014) N = 74
[79]
median age: 56 (range: 12–81)
underlying conditions: acute leukaemia (76%), chronic leukaemia (14%),
lymphoma (1%), other (9%)
indications for GTx: neutropenic infection (49%), progressive severe neutropenia
(38%), persistent febrile neutropenia (11%), neutropenia without fever (2%)

Raad et al. (2013)
[78]
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Æ

10 patients (91%) had objective
clinical, radiographic and/or
microbial responses
10 patients (91%) survived for at
least 30 days and 8 patients (73%)
survived for at least 90 days after
the initiation of GTx therapy

overall survival rate at 30 days, 90
days and 180 days: 89%, 70% and
66%, respectively
survival rate at 30 days, 90
days and 180 days for bacterial
infections: 92%, 84% and 84%,
respectively
survival rate at 30 days, 90 days
and 180 days for fungal infections:
87%, 58% and 52%, respectively

GTx therapy was discontinued in
34 patients (46%) due to clinical
response and neutrophil count
recovery
22 patients (30%) died of
advanced refractory leukaemia
infection alone was considered
the cause of death in 17 patients
(23%)

favourable response at the end of
therapy: 15% (GTx group) vs. 31%
(non-GTx group)
IA-related mortality rate: 60% (GTx
group) vs. 40% (non-GTx group)

5.5 x 1010 neutrophils/ fever (45%), skin
transfusion
rash (2%), pulmonary
reactions (53%)

N = 53 (GTx group), 75 (non-GTx group)
median age: 44 (range: 9–75, GTx group), 54 (range: 7–83, non-GTx group)
underlying conditions: leukaemia (89% in the GTx group, 84% in the non-GTx
group), lymphoma (8% in the GTx group, 13% in the non-GTx group), myeloma
(2% in the GTx group, 1% in the non-GTx group)
indications for GTx: proven or probable invasive Aspergillus spp. infection

Kim et al. (2011)
[77]

Results

Adverse effects

fever (18.8%),
infection control rate: 52.9%
hypotension (6.5%),
survival at 28 days: 64.7 ± 4.1%
rigour (5.9%), rash
(4.7%), massive
haemoptysis (3.5%),
respiratory failure (5.9%)

Average GTx dose
0.96 x 109/kg/
transfusion
(range: 0.47–1.8 x 109/
kg/transfusion)

Patients

N = 128
median age: 45 (range: 18–90)
underlying conditions: acute leukaemia (70.3%), lymphoma (12.3%), aplastic
anaemia (9.4%), myelodysplastic syndrome (5.8%), multiple myeloma (2.2%)
indications for GTx: Gram-negative bacterial infection (23.9%), Gram-positive
bacterial infection (14.5%), fungal infection (7.2%)

Study
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Adverse effects

Results

10.4 x 108 cells/kg/IE TRALI (10%),
(range: 8.8–14.4 x 108 hypercalcaemic tetany
cells/kg/IE)
(2%)

N = 60
median age: 21 (range: 16–45)
underlying conditions: acute myeloid leukaemia (40%), severe aplastic anaemia
(25%), acute lymphoblastic leukaemia (15%), non-Hodgkin’s lymphoma (5%),
other (15%)
indications for GTx: bacterial infection proved by positive bacterial blood cultures
(73%), proven or probable fungal infection (13.5%), an infection that was difficult
to define due to negative blood cultures combined with the typical symptoms of
infection (13.5%)

Garg et al. (2018)
[84]

no serious GTx-related
adverse effects were
observed

2.16 x 108/kg/
transfusion
(range: 0.46–7.34
x 109/kg/transfusion)

N = 96
median age: 46 (range: 20–74)
underlying conditions: acute myeloid leukaemia (77.2%), lymphoma (13.2%),
acute lymphoblastic leukaemia (6.1%), myelodysplastic syndrome (1.7%), chronic
lymphatic leukaemia (0.9%), multiple myeloma (0.9%)
indications for GTx: infections with Klebsiella pneumoniae (35%), Candida
spp. (20%), Aspergillus spp. (19%) and Escherichia coli (16%) located in the
bloodstream (60.5%) or the lungs (29.8%)

infection resolution rate: 68.2%
survival at 30 days: 67.7%

overall IRM: 30.7%
dose-dependent IRM values:
44.4% in the low-dose group,
18.4% in the standard-dose group,
and 48.4% in the high-dose group

fever, chills and/or
overall success rates were 42%
modest changes in
and 43% for the GTx group and
blood pressure (41%), the non-GTx group, respectively
hypoxia, tachycardia,
hypotension and/or
allergic reactions (20%)

Teofili et al. (2016)
[83]

Price et al. (2015)
[82]

Average GTx dose

Patients

N = 48 (GTx group), 49 (non-GTx group)
54.9 x 109
granulocytes/
median age: 47 (± 20, GTx group), 55 (± 17, non-GTx group)
underlying conditions: acute nonlymphocytic leukaemia (65%), acute lymphocytic transfusion
leukaemia (12%), non-Hodgkin’s lymphoma (7%), myelodysplasia (3%), other
(13%)
indications for GTx: proven fungal infection (27%), invasive bacterial infection
(22%), bacteriemia alone (24%)

Study

Table 3. cont. Overview of results from studies of granulocyte transfusions in neutropenic patients
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and 84% in the non-GTx group). The median number
of GTx received was 7 (range: 1–44). The median
duration between antifungal therapy initiation and
the first GTx received was 7 days (range: 0–69 days).
Among patients who received GTx, 45% experienced
fever, 2% experienced skin rash and 53% experienced
pulmonary reactions, such as worsening shortness
of breath or pulmonary infiltrates. Ultimately, 70% of
these patients died within 84 days of antifungal therapy
initiation, and the median duration between their last
GTx and death was 5 days (range: 0–52 days). The
authors observed that patients with IA who received
GTx were less likely to respond to antifungal therapy (15% vs. 31%) and more likely to die of IA (60%
vs. 40%) when compared with the non-GTx group of
patients. They also noted that IA-related death was associated with both the number of GTx received and the
early initiation of GTx after starting antifungal therapy.
In other words, patients who received GTx were more
likely to die of IA than patients who did not receive GTx.
Because of the data gathered, the authors concluded
that GTx does not improve response to antifungal
therapy and is associated with worse outcomes of IA
infection in HM patients.
Safdar et al. [79] published a study of 74 neutropenic
patients with various infections who received GTx. The
most common underlying malignancies were acute
leukaemia (75%) and chronic leukaemia (14%). The
malignancy status was defined as relapsed or refractory
in as many as 84% of the patients. Thirty-one per cent
of the patients were diagnosed with comorbidities. The
most common ones turned out to be diabetes mellitus
(16%) and renal failure (4%). Of all the patients, 57%
had bacteraemia (mostly caused by Staphylococcus
spp., Enterococcus spp., and Pseudomonas aeruginosa), 45% were infected with fungi (Aspergillus spp.,
Candida spp., and Fusarium spp.), and 14% had a viral
infection (herpes simplex virus, human parainfluenza
virus, and cytomegalovirus). GTx were given to 36 patients (49%) with non-severe infection, 28 patients (38%)
with progressive severe infection, 8 patients (11%)
with persistent febrile neutropenia, and 1 patient (2%)
with neutropenia without fever. The patients received
a median of 4 (range: 1–50) GTx. Eight patients (11%)
experienced GTx-related adverse effects, such as
respiratory complications (8%) and fever (3%). The
authors pointed out that GTx therapy was discontinued
in 34 patients (46%) due to clinical response and neutrophil count recovery and that 22 patients (30%) died
of advanced refractory leukaemia, whereas infection
alone was considered the cause of death in 17 patients
(23%). It also did not escape their attention that patients
with confirmed severe infections had noticeably better
survival rates when they received GTx than those who
did not have severe infections. All things considered,
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the authors concluded that the benefits of GTx therapy
require further assessment.
Wang et al. [80] investigated the efficacy of GTx
in 56 severely infected patients with aplastic anaemia
(AA). Among these patients, 51 cases (91%) were very
severe aplastic anaemia (VSAA) and 5 cases (9%) were
severe aplastic anaemia (SAA). Fungal and bacterial
infections accounted for 55% and 45% of all cases,
respectively. The majority of infections were polymicrobial, meaning they involved more than one bacterial
strain, more than one mould, or mixed bacterial-fungal
infections. The most common pathogens isolated from
the sites of infection were Candida albicans, Aspergillus spp., Stenotrophomonas maltophilia, and Pseudomonas aeruginosa. The median number of granulocyte
concentrates transfused was 18 (range: 3–75), with
a total number of transfusions of 1078. Chills and fever
(8.3%), dyspnoea (1.9%), allergic reactions (3.4%)
and acute heart failure (0.2%) were the most common
adverse effects observed, but in all cases, they were
mild or moderate and successfully treated. The survival rate at 30 days, 90 days, and 180 days from the
first GTx was considered an indicator of the efficacy
of GTx therapy. Ignoring the aetiology of infection, the
survival rate at 30 days, 90 days, and 180 days was
89%, 70%, and 66%, respectively. For patients with
bacterial infections, this rate was 92%, 84%, and 84%,
respectively. For patients who had fungal infections, it
was 87%, 58%, and 52%, respectively. Therefore, the
authors found that granulocyte transfusions could be
an adjunctive therapy for treating severe infections in
patients with AA.
Kadri et al. [81] conducted a study on 11 patients
who received GTx as an adjunctive therapy after being
diagnosed with invasive Fusarium spp. infection (IFI). In
all cases, the diagnosis was proven by culture and/or
molecular identification of the fungus in the samples
from the infection sites. The most common underlying
disease was SAA (46%), followed by myelodysplastic
syndrome (18%), and non-Hodgkin’s lymphoma (18%).
The median number of transfusions per patient was
7 (range: 2–39), with a total number of transfusions of
133. The mean granulocyte content per component
transfused was 6.84 ± 2.34 x 1010. GTx-related toxicity
was observed in 4 patients (36%): respiratory complications in 2 patients (18%) and HLA immunization in
2 patients (18%). As it turned out, 10 patients (91%)
had objective clinical, radiographic, and/or microbial
responses within the first several days after the first GTx.
Moreover, 10 patients (91%) survived for at least 30 days
and 8 patients (73%) survived for at least 90 days after the initiation of GTx. Thus, the authors stated that
GTx therapy may contribute to high response rates
by effectively bridging periods of neutropenia/marrow
suppression in patients with IFI.
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Price et al. [82] enrolled 97 neutropenic patients with
infections in their study. Of them all, 48 patients received
GTx and 49 did not. The most common underlying
haematologic malignancy was acute nonlymphocytic
leukaemia (65%), followed by acute lymphocytic leukaemia (12%). The most common causes of neutropenia
were chemotherapy (75%) and HSCT (17%). Most of
the patients had proven fungal infections (27%), invasive
bacterial infections (22%), or bacteraemia alone (24%).
The median number of GTx received was 5 (range:
1–20), with a total number of transfusions of 316. The
median granulocyte content per transfusion was 54.9 x
109. Among patients who received GTx, 41% developed
mild to moderate transfusion reactions, such as fever,
chills, and/or modest changes in blood pressure. More
severe reactions (hypoxia, tachycardia, hypotension,
and/or allergic reactions) were observed in 20% of the
patients. The authors examined that overall success
rates were 42% and 43% for the GTx group and the
non-GTx group, respectively. Furthermore, these rates
did not differ within any infection type. Overall, Price et
al. did not observe any benefit of granulocyte transfusion therapy.
Teofili et al. [83] assessed the efficiency of GTx therapy based on the results of 96 patients who received
a total of 491 granulocyte transfusions during 114 infectious episodes (IE). Most of the patients suffered
from acute myeloid leukaemia (77.2%) or lymphoma
(13.2%). The most common microorganisms isolated
from the sites of infection were Klebsiella pneumoniae
(35%), Candida spp. (20%), Aspergillus spp. (19%), and
Escherichia coli (16%). Infections were mainly located
in the bloodstream (60.5%) or the lungs (29.8%). The
first GTx was given after a median number of 5 days of
antimicrobial therapy (range: 2–33). The median number of GTx received was 4 (range: 1–14), with a median
granulocyte dose of 2.16 x 108/kg/transfusion (range:
0.46–7.34 x 109/kg/transfusion). Luckily, no serious
GTx-related adverse effects were recorded. Based on
the median dose of granulocytes transfused, all the
patients were divided into three groups: 1) the low-dose
group (< 1.5 x 108 cells/kg), 2) the standard-dose group
(1.5–3 x 108 cells/kg), and 3) the high-dose group (> 3 x
108 cells/kg). The conclusions were drawn based on the
assessment of the impact of clinical, microbiological,
and GTx-related variables on infection-related mortality
(IRM). Overall, the authors recorded 35 deaths due to
infections, with an overall IRM of 30.7%. More specifically, the IRM values differed depending on the median
dose of granulocytes transfused as follows: 44.4% in the
low-dose group, 18.4% in the standard-dose group, and
48.4% in the high-dose group, meaning the patients of
the low- and high-dose groups were more likely to die
of IE than the patients of the standard-dose group. The
increased mortality among these patients was observed

since the first days of GTx therapy. Of the 7 patients
dead within that period, 2 patients were in the low-dose
group, 5 patients were in the high-dose group, and no
deaths were detectable in the standard-dose group.
Additionally, Teofili et al. checked if GTx therapy was
similarly effective against bacterial and fungal infections,
determining that fungal infections may necessitate very
high doses of granulocytes while lower doses may be
sufficient to overcome bacterial infections. Altogether,
they concluded that GTx therapy could constitute
a valuable tool to improve the outcomes of infections
in neutropenic patients.
Garg et al. [84] reviewed 60 patients who received
143 granulocyte transfusions for 66 IE. The most common diagnoses were acute myeloid leukaemia (40%),
severe aplastic anaemia (25%), and acute lymphoblastic
leukaemia (15%). Out of all 66 IE, 73% were bacterial
infections proved by positive bacterial blood cultures,
13.5% were proven or probable fungal infections, and
another 13.5% were difficult to define due to negative
blood cultures combined with the typical symptoms
of infection. In all cases of bacterial infections, multidrug-resistant organisms (MDRO) were isolated from
the sites of infection. The most common of these were
Klebsiella pneumoniae and Staphylococcus aureus. The
median duration of fever before giving GTx was 7 days
(range: 5–12 days). The median number of GTx given
was 2 (range: 1–3), with a median granulocyte dose
of 10.4 x 108 granulocytes/kg/IE (range: 8.8–14.4 x
108 granulocytes/kg/IE). Of all patients, 7 (12%) experienced GTx-related side effects: 1 patient (2%)
developed hypercalcaemic tetany and 6 patients (10%)
developed TRALI, which did not require ventilator support. The resolution of infection was seen in 68.2% of
all cases, and the survival at 30 days was 67.7%. This
prompted the authors to reflect that GTx may play a vital role, especially when other antimicrobial therapies
are unsuccessful.

Conclusions
In conclusion, this review failed to provide a definitive
answer as to whether granulocyte transfusions are effective in combating life-threatening bacterial and fungal
infections in neutropenic patients with haematological
malignancies or not. There are plenty of reasons why
the authors of the reviewed studies found it difficult to
draw unequivocal conclusions. The following factors
may have contributed to the ambiguity of the obtained
results: 1) a lack of an appropriate control group, 2)
a small number of patients included in the study, 3)
the status of the underlying haematological malignancy (complete remission, relapsed or refractory, newly
diagnosed), 4) not all the patients suffered from co-
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morbidities, 5) indications for GTx therapy (established
bacterial and/or fungal infection, febrile neutropenia,
persistent non-neutropenic fever, or fever of unknown
aetiology), 6) donor availability, 7) donor stimulation
scheme (e.g., corticosteroids alone, G-CSF alone, or
G-CSF with corticosteroids), 8) GTx type (granulocytes
collected from related donor or HLA-matched unrelated
donor), 9) differences in granulocyte collection methods, 10) time from the onset of symptoms of infection
to the first GTx, 11) differences in granulocyte doses
used, 12) previous alloimmunization of the patient (i.e.
already existing anti-leukocyte antibodies), and finally
13) preferences of treating physicians. The therapeutic
efficacy of granulocyte concentrates collected from
G-CSF- and corticosteroid-stimulated donors will only
be reliably determined if randomized clinical trials on
a sufficiently large number of patients in both study and
control groups are performed.
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Cardiovascular disease (CVD) remains a leading cause of mortality worldwide, despite diagnostic and
pharmacological advances. These adverse effects lead to the search for new etiological factors and effective
ways to prevent, treat and rehabilitate CVD. The impact of psychological factors on the development of
CVD has gained scientific recognition. Mental and mood disorders, such as depressive disorders, anxiety
disorders, and post-traumatic stress disorder (PTSD), can contribute to CVD and significantly affect the
quality of life and prognosis of a CVD patient, often contributing to premature death. Therefore, it is essential to study the socio-demographic and psychosocial factors that are most likely to support pro-health

Medical Research Journal 2022;
Volume 7, Number 4, 333–339
10.5603/MRJ.a2022.0051
Copyright © 2022 Via Medica
ISSN 2451-2591
e-ISSN 2451-4101

behaviour and identify effective psychotherapeutic interventions for CVD patients. These findings result in
new interventions, such as meta-cognitive therapy and mindfulness-based training, which promote healthy
behaviours and improve clinical conditions and prognosis in CVD patients.
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Introduction
Cardiovascular disease (CVD) has been a major
cause of mortality worldwide since the mid-20th century, causing 17.9 million deaths annually [1]. The
number of cardiovascular incidents poses a significant
therapeutic, social and economic challenge in most
countries. Numerous studies conducted over the past
decade suggest that psychological determinants may
be the critical factors in the onset and trajectory of both
CVD and heart failure (HF) patient populations [2].
These include cardioprotective factors, which prevent
or delay the onset of symptoms, and risk factors, which
facilitate the onset of the disease. Chronic depression,
loneliness, anxiety or social withdrawal are conducive

to CVD and HF and have a significant impact on the
effectiveness of proposed therapies and the patient’s
prognosis. Some studies have shown that incorrect
views on health may also condition CVD morbidity.
Furthermore, the patient’s socioeconomic conditions,
occupation and personality traits, health behaviours,
or an unexpected and sudden cardiac incident may
influence the course of CVD [3].
Despite diagnostic and therapeutic advances and
extensive evidence of the impact of psychosocial risk
factors on the development of cardiovascular disease,
an increasing number of patients with diagnosed CVD
gave rise to the emergence of a new scientific discipline,
the so-called behavioural cardiology, at the beginning
of the 21st century. It is currently the subject of numer-
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ous theoretical and practical studies and functions as
a distinct science [4]. The present study discusses
behavioural and psychosocial factors contributing to
cardiovascular disease and some determinants with
cardioprotective properties.
The role of psychocardiology is therefore not
limited to the disclosure of CVD risk factors. When appropriate methods are applied, it supports the patient in the
course of the disease, influencing the level of acceptance
of his condition and promoting the patient’s conscious
participation in therapeutic and rehabilitation management, as well as facilitating health behaviour change.
Today, behavioural cardiology is beginning
to be defined as a research discipline that has been
moving toward the application of psychosocial factors
in the assessment of cardiovascular disease risk and
methods for its mitigation. In recent years, researchers
have exhibited growing awareness about recognizing
the biological and behavioural psychosocial factors
contributing to the atherosclerotic processes leading
to CVD. Psychosocial risk factors include diagnosis
of depression symptoms and social isolation, hostility
and anger, abnormal personality patterns, and stress
[4]. In addition, social and economic variables, such
as poor education and low income, shift work, and
chronic and subjectively perceived stress at work are
also detailed [5]. These factors have a detrimental effect
on health behaviours, adherence, persistence and are
likely to give rise to inadequate patient expectations for
therapy. From the perspective of stress and a person’s
predisposition to change his behaviour, the patient’s
external environment, including home environment,
family and close relationships, becomes important.
A significant increase in the risk of cardiovascular diseases both in men and women is also attributed to low
socioeconomic status.
There are extensive psychocardiology reports
referencing studies of the supportive role of patients
and staff in CVD. Therefore, it is important to promote
knowledge and close cooperation between physicians
and psychologists. Research on the association of
negative emotions with cardiovascular disease risk
should still be conducted, considering such additional
factors as gender and socioeconomic status. However,
a systematic review of the results of 18 clinical trials has
not yielded conclusive evidence to support a claim that
psychotherapeutic interventions related to anger control
lower the risk of myocardial infarction [6].

Depressive and anxiety disorders in the
cardiological patient population
Many studies have shown that depression is
a significant risk factor for CVD. For example, some
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meta-analyses have confirmed the prognostic significance of depressive symptoms, which doubles the risk
of death or myocardial infarction in patients diagnosed
with coronary artery disease (CAD) [7]. Among patients
with CAD, the prevalence of severe depression is three
times higher than in the general population. Anxiety
and depression are associated with poorer adherence
and discontinuation of treatment [8], higher rates of
risk behaviours (e.g., smoking) and increased risk of
subsequent cardiac events and death [9].
Experiencing heart disease, especially sudden
or unexpected, can facilitate psychiatric disorders. According to Rao et al., up to 64% of cardiac patients may
experience clinical symptoms of anxiety and depression
at the beginning of cardiac rehabilitation, and approximately 18% struggle with moderate to severe depression [10]. Other data suggest that anxiety disorders
are present in approximately 43% of patients who are
hospitalized immediately after a cardiac event (including
after an acute myocardial infarction (AMI), acute coronary syndrome (ACS), and/or unstable angina (UA)
or undergoing a coronary artery bypass graft surgery
(CABGS). Anxiety was observed in 27% of them after
a 6–12-month recovery [11]. In contrast, among people
with depression, the risk of developing CVD is approximately 60% higher [12]. Wulsin and Singal [13] found
that MDD was a better predictor of CVD development
in baseline healthy individuals (relative risk = 2.69; CI:
1.63–4.43) than depressive symptoms alone (relative
risk = 1.49; CI: 1.16–1.92). The EUROASPIRE III study
[14] assessed the prevalence of anxiety in patients suffering from heart disease in 22 countries and found that
anxiety ranged from 12% to 41.8% in men and 21.5%
to 63.7% in women, with older age, female gender, low
education and no history of invasive treatment being
associated with a higher prevalence of anxiety, including
depressive disorders.
Several meta-analyses have found that an increased risk of coronary heart disease is associated
with anxiety symptoms in both the general population
and cardiac patients [15]. Moreover, generalized anxiety
disorder (GAD) increases the risk of subsequent major
cardiac episodes from 61% to 74% [16]. Other studies
have indicated that CVD risk is particularly elevated
in patients suffering from generalized anxiety disorder [17], panic attacks [18] and posttraumatic stress
disorder (PTSD) [19]. The first observations of PTSD
symptoms in patients with cardiovascular disease were
carried out by Kutz, Garb, and David [20], who detailed
case reports of patients who developed post-traumatic
symptoms after a heart attack. Edmondson et al. concluded that psychological intervention could alleviate
the sense that heart disease and its consequences
are a constant and immediate threat to cardiological
patients’ lives [17].
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Depressive disorders are associated with an
increased risk of CV events in patients suffering from
cardiovascular diseases and are considered to increase
the cost of patient care and decrease quality of life [21].
After the onset of coronary artery disease, approximately 20 to 50% of patients exhibit depressive symptoms,
and 15 to 20% develop severe symptoms of major
depression [22]. It appears that even mild depressive
symptoms contribute to an increased risk of recurrence
of acute coronary syndromes, as well as increased
mortality. Prospective epidemiological studies have
shown that depression is associated with increased risk,
independently of other well-studied predictive markers
of CVD morbidity [23].
It is noteworthy that up to 20% of patients with
heart disease meet the DSM-5 (Diagnostic and Statistical Manual of Mental Disorders, 5th Edition) diagnostic
criteria for a major depressive episode [24]. Anxiety
disorders with panic attacks are reported in approximately 4% of the general population, approximately
20% of primary care patients and 14% of cardiological
patients [25]. Therefore, appropriate therapeutic interventions are needed to improve the medical, financial
and psychosocial aspects associated with CVD in such
patient populations. The rationale behind implementing
psychocardiological interventions is also evidenced
by the British Heart Foundation Program’s finding that
symptoms of depression, classified as milder than the
underlying clinical diagnosis, may be associated with
the risk of a cardiovascular event [26].
Furthermore, the concurrence of anxiety and
depressive disorders harms the cardiovascular treatment process — e.g., in addition to negative health
behaviours. Patients with depression are less likely to
adhere to the recommended treatment and are more
likely to discontinue their rehabilitation [27].
Mental disorders and diseases often hinder human
contact or strongly limit integration with the social
environment. Feelings such as shame and apathy
accompanying depression cause reluctance to leave
home and engage in human communication. The fear
of stigmatization and discrimination also hinders social
engagement. This kind of social isolation may result in
an increased risk of cardiovascular disease and a fatal
outcome of a first cardiovascular event. According to
a recent study, living alone increases the risk of death
from a first heart attack or stroke, mainly due to the lack
of immediate ability to call for medical assistance [28].
Limiting or withdrawing from social contacts leads to
neglect in requesting social support, which directly or
indirectly affects the patient’s chances of survival.
Holt and Smith have indicated that an interdisciplinary approach to CVD prevention and treatment of
cardiac patients should address social factors through
medical education, assessment of individual risks and
public health surveillance, the adaptation of guidelines

and policies to populations and provision of health care
services [29]. The American Heart Association (AHA)
recommended screening for depression and anxiety
disorders among CVD patients as early as 2008. However, reports of such practical measures and the effectiveness of their implementation are still scarce [30].

Cognitive determinants of health
behaviours
Much of the focus of behavioural cardiology is on
modifiable factors, i.e., the moderating/mediating variables between an area of socioeconomic functioning
and the patient’s health-promoting behaviours. One
of the most important cognitive modifiable factors is
health cognition — the occurrence of specific thoughts
and feelings that the patient can relate to health behaviours. Cognitive determinants of health behaviours
are generally understood as expectations of the outcome
of presented behaviours. For example, the social cognition model — SCM — details the determinants of health
behaviours [29]. Such factors include the belief system,
activated when behaviour is produced in response to
real-life situations. According to this model, behaviours
are the result of self-regulation, which is defined as “...
mental and behavioural processes, by which people
realize their self-conceptions, correct their behaviours
or alter their environment to yield outcomes consistent
with their self-conceptions and personal goals” [29].
This self-regulatory approach stems from the tradition of
clinical thinking, which views mental health recovery as
an effort to eliminate dysfunctional patterns of thinking or
behaviour and replace them with adaptive patterns. Effective self-regulation is accomplished by reevaluating
beliefs, setting goals and continuously monitoring and
evaluating goal-oriented behaviours.
A popular model used in working with patients is
the Health Belief Model (HBM) developed by Haefner
and Kirscht [31]. The researchers showed that interventions designed to increase the participants’ perceived
susceptibility to disease and the anticipated benefits of
a disease treatment resulted in more follow-up visits to
a specialist within eight months than the control group.
The HBM model assumes that health behaviours result from perceiving the risk of disease and evaluating
behaviours that counteract this risk (cost-benefit estimation). Risk assessment is based on the analysis of
the following beliefs: perception of susceptibility to the
disease (e.g., “How likely is it that I will get sick?”) and
perception of the consequences of the disease (“How
serious will the disease be?”). This model also considers
cues to action and health motivation. Cues to action are
stimuli that contribute to a behaviour, which can be internal (e.g., a physical symptom) or external (e.g., a mass
media campaign, or advice from others). According to
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the self-regulation model, the purpose of cues to action
is to prompt the patient to engage in health-seeking
behaviours but only when other key beliefs that promote
action are already in place. Health motivation depends
on individual differences and assumes assigning value to
health and focusing on taking care of one’s health [31].

Effectiveness of psychotherapeutic
interventions
Implementation of anxiety and depression therapies is undoubtedly required but involves many
challenges. The effectiveness of available therapies
may be undermined by the hospital environment. Additionally, they may not be widely available to cardiac
patients. Furthermore, medical personnel does not have
the knowledge and experience necessary to perform
such tasks. Several meta-analyses are available regarding the efficacy of psychotherapeutic interventions in
the treatment of depressive symptoms and disorders in
patients with CVD. It appears that cognitive-behavioural
therapy (CBT) was moderately effective in reducing
depressive symptoms in most cases. Moreover, associations between the relief of depressive symptoms
due to psychotherapy and improved prognoses for
cardiovascular disease (e.g., death from cardiac causes or other medical complications) have not been fully
confirmed. However, some meta-analyses conducted
with the use of control groups have shown that patient
psychotherapy along with cardiac rehabilitation (progressive cardio workout), oriented towards people with
depressive disorders, can alleviate depressive disorders
and adverse coronary events, with cardiac rehabilitation
showing higher efficacy in reducing patient mortality
[32]. The results of the above studies, therefore, support
the co-implementation of psychological/psychiatric
treatment and cardiological rehabilitation.

Metacognitive training for cardiological
patients
The European Association of Preventive Cardiology
(EAPC) emphasizes that addressing symptoms of anxiety and depression in patients with heart disease plays
a key role in the success of cardiovascular rehabilitation
(CR) programs [33]. The key factor here is to ensure
the effective recognition and treatment of anxiety and
depression symptoms, which ensures better clinical
outcomes in rehabilitation programs and translates into
improved quality of life for cardiological patients. The
EAPC has also published detailed information on the essential elements and standards of secondary prevention
in the clinical management of patients with CVD [33].
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It includes recommendations for psychological
assessment and support, specifically assessing the
needs of patients, including patients experiencing
anxiety and depressive disorders; these recommendations apply to evidence-based interventions. There
is compelling evidence for the effectiveness of metacognitive therapy (MCT). It is a relatively new form
of psychological therapy that could treat anxiety and
depressive disorders in patients who participate in
cardiological rehabilitation programs. MCT is based
on the Self-Regulatory Executive Function model [34].
In this model, emotional distress is assumed to persist
under the influence of a thinking style referred to as
cognitive attentional syndrome (CAS). The cognitive
attentional syndrome incorporates symptoms in the
form of repeated negative thoughts (worrying and/or
ruminations), focusing attention on threats (thoughts,
physical symptoms, emotions), and using maladaptive coping strategies (e.g., abuse of alcohol or other
psychoactive substances). This thinking style results
from dysfunctional metacognitive beliefs, which stand
for focusing on processing negative information, maintaining mental distress and concentrating on worrying,
ruminating, and monitoring threats. Ultimately, this style
of thinking reinforces the patient’s sense of threat. For
example, the patient’s reaction to the thought “What will
happen if I can no longer work?” will constantly worry
and experience negative emotional states.
Therefore, during psychological treatment,
including metacognitive training, the patient is encouraged to increase control over worry and create more
adaptive ways of responding. Positive and negative
metacognitive beliefs are more strongly correlated with
anxiety and depression among cardiological patients
than oncology patients. Recent trials have also pointed
to the feasibility of using group metacognitive therapy
among patients in cardiological rehabilitation conducted by non-medical professionals [35].

The importance of Mindfulness-Based
Interventions (MBI) in the treatment of
cardiovascular patients
There has also been growing interest in cognitive-behavioural therapies (CBT) based on mindfulness
techniques in recent years. Interventions of this type
belong to the so-called third wave of CBT [36].
According to the classic definition proposed by
Jon Kabat-Zinn, the notion of mindfulness stands for
a special kind of attention that is conscious, non-judgmental and focused on the now. The most recognized therapies in this stream are Mindfulness-Based
Stress Reduction (MBSR) training [37] and Mindfulness-Based Cognitive Therapy (MBCT) [38]. Mindfulness-
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-Based Stress Reduction is a structured, 8-week program, initially designed to assist in treating patients
with chronic pain, which was later adapted to assist
in the treatment of individuals with chronic illness
and emotional and behavioural disorders. Mindfulness-Based Cognitive Therapy was developed on the
basis of MBSR, intended for patients with recurring
depressive episodes to prevent their relapse [43].
Both programs are delivered as 8-week group classes. Participants learn new behaviours during 2.5-hour
sessions held weekly. In between sessions, individuals
work at home based on the audio materials provided
recommended. Mindfulness-based interventions (MBI)
combine mindfulness techniques (body scan, meditation, breathing exercise) with cognitive psychotherapy
techniques to increase awareness, attentiveness and
acceptance of present experience (thoughts, emotional reactions and physical or mental sensations).
The use of MBIs in treating cardiovascular disease
has also been recognized. Preliminary evidence has
shown that programs of this type can have a positive impact on alleviating depression and anxiety in people with
cardiovascular disease and can also improve patients’
quality of life [39]. Existing systematic reviews indicate
the effectiveness of mindfulness-based interventions in
improving mental well-being and enhancing the quality
of life in various cardiac patient populations. Observations were carried out for patients with heart failure
[44], patients who suffered from a stroke, patients who
suffered from myocardial infarction [40] and patients
with hypertension [41]. A systematic review, including
16 randomized trials evaluating the effectiveness of MBIlike interventions (MBSR or MBCT and modifications of
both programs) in CVD patients, confirmed their significant impact on psychological endpoints [42]. Patients
who benefited from MBI therapy confirmed a significant
reduction in psychological symptoms (anxiety, depression, distress, and perceived stress) in comparison to
the control group. Improvements in blood pressure parameters (systolic but not diastolic) were also observed.
However, the five studies reviewed reported
neither psychological nor physiological benefits in the
long term. A pilot study [43] confirmed the therapy’s
significant impact on reducing depressive symptoms
immediately after the program.
The studies evaluating the effect of MBI on
endpoints related to the physical state in patients with
CVD (exacerbation of disease symptoms, dyspnoea,
physical performance, heart rate, respiratory rate)
are inconsistent. References also include summaries
aimed to evaluate the impact of MBI on cardiovascular
risk factors, such as hypertension, insulin resistance,
obesity, metabolic syndrome tobacco addiction [44].
A meta-analysis of studies evaluating the impact
of mindfulness-based therapies suggests their potential
beneficial impact on lowering blood pressure in the

population suffering from hypertension, although the
results need to be confirmed in well-designed randomized trials [45] and taking into account the possible
long-term benefits of MBI therapy [46]. MBI-based
therapies can be cardioprotective, helping patients
make lifestyle changes [47]. There is also a growing
interest in applying mindfulness-based techniques in
the treatment of addictions, including tobacco addiction. A meta-analysis conducted by de Souza et al.
shows potential benefits, including quitting smoking,
reducing the number of cigarettes smoked per day,
reducing cravings associated with smoking and preventing relapse [48]. However, the authors note the
need for well-designed randomized trials in this area.
In 2017, The American Heart Association (AHA)
issued an expert consensus evaluating the impact of
mindfulness-based interventions on cardiovascular
disease. According to their statement, existing evidence may suggest their potential beneficial effect on
cardiovascular risk reduction. However, further research
requires significant improvements in the methodology
applied. Given its low cost, good tolerability and accessibility, mindfulness-based interventions can be
considered a legitimate therapy to complement the
standard cardiovascular risk reduction management
recommended in the official guidelines of scientific
societies [49].
A 2020 analysis of data from the U.S. National
Health Interview Survey evaluating the relationship between mindfulness-based techniques, cardiovascular
risk factors and prevalence found that meditation practices are an independent factor associated with lower
rates of hypercholesterolemia, hypertension, diabetes,
stroke and ischaemic heart disease [50].
Mindfulness-based interventions are characterized by a significant degree of complexity, and their
exact mechanisms have not been fully understood. Several mechanisms have been proposed to affect patients
with cardiovascular disease, e.g., increasing physical
activity through mindful movement (yoga), increasing
empathy and self-care through self-compassion exercises, or decreasing adrenergic tension by stimulating
the vagus nerve using breathing exercises.
Mindfulness-based interventions are assumed to
show positive effects on mental function by decreasing
ruminations, and emotional avoidance and by increasing behavioural self-regulation. Available data also
points to improvements in working memory, autobiography memory, cognitive flexibility and meta-awareness
as potential mechanisms of MBI impact.
Studies illustrating the use of MBIs in the
prevention or treatment of patients with CVD have
several methodological limitations, including a lack of
blinding, small group sizes, short observation period,
lack of clear definition of the control group and lack
of randomization. Undoubtedly, a study of such inter-
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ventions is warranted but requires developing a structured methodological approach and improvements in
effectiveness. Given their wide availability, low cost
and safety, mindfulness-based techniques may be
a valuable supplement to the traditional management
of cardiovascular disease.
Most of the completed studies and analyses suggest the inclusion of mindfulness training as a complementary treatment to the classical treatment modalities
used in clinical practice [51].

Discussion
This article discussed the importance of psychosocial factors and their impact on cardiovascular
disease. Psychosocial factors may indirectly affect the
cardiovascular system, i.e., through habits that regulate
health-oriented behaviours. For example, depressive or
anxiety disorders, or isolation, may keep people from
receiving pharmacological treatment. At the same time,
certain adaptive beliefs and/or a supportive social network may help people refrain from smoking or facilitate
weight control.
The cognitive perspective is also important, as
it determines the processes of information processing
that translate into the adequate perception of the patient’s reality and health decisions and the appropriate
repertoire of behaviours. These are processes of
self-regulation as a higher-order function of psychological regulation responsible for making the knowledge
about oneself more realistic, adjusting one’s behaviour
to the internal requirements and the surrounding environment to the extent of the individual’s abilities. These
actions are independent of environmental and economic factors, although maladaptive perceptual processes
are not the only psychological barriers to adherence to
health behaviours; for example, personality traits can
adversely affect patient behaviour. The cardiological
patient may succumb to excessive worry and ruminations, which in turn may translate into the long-term
development and maintenance of depressive and
anxiety states. Concurring mental disorders, especially
depression, significantly limit the patient’s ability to
comply with medical recommendations.
In difficult situations, e.g., mental breakdown, there
is effective psychological assistance based on techniques found in cognitive-behavioural psychotherapy,
metacognitive training and mindfulness-based training
— all verified in empirical studies. Many authors of studies and meta-analyses cited in the article emphasize the
importance of psychosocial factors in the prevention,
treatment, and rehabilitation of cardiological patients
and suggest including psychological training in routine
patient care.
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The psychological proposal of evidence-based
therapeutic interventions can contribute to reduced
mortality among cardiac patients.
However, it is important to note that, currently,
psychological interventions designed for CVD patients
still play a minor role in patient care in most countries
worldwide. One reason for this is that cardiology’s
diagnostic and therapeutic strategies are opposed
paradigms to psychological treatments given their
short and long-term treatment outcomes, respectively
(cardiology focuses on immediate results for patients,
while psychotherapy requires time). Another reason
may be the available knowledge on the effectiveness
of psychological interventions in heart disease, which,
despite its diversity, is still ambiguous at many points
and problematic to interpret, which is also hampered
by the conclusions of meta-analyses reporting limited
or moderate benefits.
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and energy expenditure. However genetic and epigenetic factors, sedentary lifestyle, poor food quality,
and disturbances in gut microbiota also play a major role. There is no single effective method of treatment
for metabolic syndrome. Dietary therapy and an increase in physical activity along with pharmacological
treatment are not fully effective to recommend them as a therapy for metabolic syndrome. Today, modern
bariatric-metabolic procedures such as laparoscopic sleeve gastrectomy or single anastomosis gastric
bypass give the best chances of successful resolution of metabolic syndrome.
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Introduction
The growing prevalence of obesity, type 2 diabetes
mellitus (T2DM), and metabolic syndrome (MetS) are
among the most important health concerns all over the
world. Since 1975 rates of obesity have tripled. [1] It is
estimated that approximately 25% to 30% of the world
population suffer from MetS.
It is impossible to recommend a single method of
treating MetS. Lifestyle modification is obligatory for
patients with MetS but it is mostly ineffective as a sole
treatment and unable to reverse metabolic and hormonal changes. Considering the abundance of applied
dietetic therapies and the growing epidemic of obesity it
seems that there is no universally efficient diet. Options
for pharmacological treatment are limited and do not
translate into longer-term weight loss. [2]. Bariatric-metabolic surgery [BMS] proved to be the most effective,

safe and durable tool in providing sustained weight loss
and improvement of MetS in morbidly obese patients
[3, 4]. With the rapid development and popularization
of laparoscopic surgery in the early 1990s new types
of BMS emerged. Vertical Sleeve Gastrectomy (VSG),
Roux-en-Y gastric bypass (RYGB), and One Anastomosis Gastric Bypass (OAGB) [5, 6]. In this review, we provide insight into pathogenesis, diagnosis, and modern
treatment options for MetS with special consideration
of One Anastomosis Gastric Bypass and Vertical Sleeve
Gastrectomy according to the available literature.

Epidemiology
There is no exact data on the prevalence of MetS.
However, estimated that it is three times more common
than T2DM [7]. According to IDF Diabetes Atlas, the
global prevalence of T2DM in 20–79-year-olds was

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to
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estimated to be approximately 10.5% in 2021 and will
reach 12.2% in 2045 [8]. Those numbers roughly translate into a quarter of the World population suffering from
MetS. The incidence of T2DM is highly variable among
different ethnic groups. In the USA, the most affected
ethnic groups are Asians, Hispanic and African Americans
with 9.0%, 12.8%, and 13.2% incidences respectively. In
non-Hispanic Caucasians, the incidence is estimated to
be 7.6% [9]. Obesity is an important risk factor for MetS.
In 2016, approximately 13% of the world’s adult population (11% of men and 15% of women) were obese and
39% were overweight. The prevalence of obesity nearly
tripled since 1975 and continues to grow exponentially.
During the same period, the prevalence of obesity among
children aged 5–18 has risen from under 1% to 6% in girls
and 8% in boys [1]. In the American population incidence
of obesity varies from 16.1% in non-Hispanic Asian adults
to 49.9% in non-Hispanic Negros [10]. According to Eurostat, the proportion of obese adults in the EU (in 2019)
varied from 28.7% in Malta to 10.6% in Romania [11].

Metabolic syndrome
Definition
Metabolic syndrome (MetS) is a clustering of cardiovascular risk factors such as abdominal obesity,
insulin resistance (IR), hypertension, and atherogenic
dyslipidaemia (hypertriglyceridemia with a low concentration of HDL cholesterol). Various diagnostic
criteria were proposed by numerous organizations. The
first definition of what was then called Syndrome X
was created by WHO in 1998. It included: abdominal
obesity (measured as waist to hip ratio higher than
0.9 in men and 0.85 in women or BMI over 30 kg/m2),
hypertension (BP ≥ 140/90 mm Hg), hypertriglyceridemia (TG ≥ 150 mg/dL), HDLC < 40 mg/dL in men
and < 50 mg/dL in women, urinary albumin excretion ≥ 20 μg/min, or ACR ≥ 30 mg/g and impaired
glucose tolerance as main underlying pathogenetic
factors. However, this definition didn’t gain much approval because of difficulties with the usage of the clamp
method to measure insulin resistance, low precision
of hip-to-waist ratio in the measurement of abdominal obesity, and lack of connection between insulin
resistance and microalbuminuria. The next definition
proposed by the European Group for the Study of
Insulin Resistance (EGIR) in 1999 used fasting plasma
glucose and insulin levels instead of clamp technique
and waist circumference instead of waist-to-hip ratio. In
2001 Expert Panel on Detection and Treatment of High
Blood Cholesterol used the term “metabolic syndrome”
for the first time in the National Cholesterol Education
Program Adult Treatment Panel III (ATP III). It described
the simultaneous occurrence of obesity (increased
waist circumference with normal values depending on

population and country-specific definitions), dyslipidaemia (TG ≥ 150 mg/dL and/or HDLC < 40 mg/dL
in men and < 50 mg/dL in women or on treatment),
hypertension (BP ≥ 130/85) and abnormal glucose
metabolism (fasting plasma glucose ≥ 110). The latest
consensus was agreed upon by National Heart, Lung,
and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society;
and International Association for the Study of Obesity
(AHA/NHLBI + IDF) in 2009. It defines MetS as any
three of the following: impaired glucose metabolism
(FPG ≥ 100), hypertension (BP ≥ 130/85 or antihypertensive treatment), dyslipidaemia (TG ≥ 150 mg/dL
and/or HDLC < 40 mg/dL in men and < 50 mg/dL in
women, or on treatment), abdominal obesity (increased
waist circumference with normal values depending on
population and country-specific definitions) [12].
Risk factors
Numerous risk factors for MetS were recognized.
Energy intake and expenditure are controlled by genetic
and environmental factors. Excessive intake and insufficient expenditure lead to a positive energy balance
inducing obesity. Due to technological development
during the last 100 years, people no longer need to
put physical effort into acquiring food and shelter as
they needed in the past which is considered essential
in the ongoing obesity epidemic. This is further intensified by an abundance of certain kinds of foods rich
in carbohydrates (often in form of fructose corn syrup)
and saturated fats. Abdominal obesity is associated with
all components of the MetS. Excessive development of
adipose tissue leads to various metabolic changes with
the main one being insulin resistance. Obesity occurs in
more than 80% of the population affected by MetS [13].
Genetic factors also play a major role in the pathogenesis of MetS. Although there is no single genetic trait
leading to MetS, there are hundreds of polymorphisms
associated with defects in lipids and glucose metabolism, obesity and hypertension [14].
The thrifty phenotype hypothesis proposed by
geneticist James Neel at the University of Michigan in
1962 suggests that environmental factors such as unstable energy intake during pregnancy may predispose
a child’s energy preservation phenotype. It provides an
evolutionary advantage in environments with sparse resources but is significantly disadvantageous in times of
abundance. The Dutch famine cohort study conducted
on a cohort of 2414 singletons concluded that exposure
to famine in early gestational age leads to significantly
higher rates of obesity during adult life [15].
Obstructive sleep apnoea contributes to the development of metabolic syndrome independently of obesity, causing deregulation of the sympathetic nervous
system, oxidative stress, and chronic inflammation [16].
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Pathogenesis
The pathophysiology of MetS is far from being fully
understood. The main disorder is insulin resistance
(IR) which in turn disturbs other components of MetS.
IR induces impairment of PI3K-mediated nitric oxide
production by affecting the PI3K-Akt pathway, leads
to endothelial dysfunction by activating the MAPK
pathway, and causes atherogenesis, which leads to
hypertension as a result of vasoconstriction [17].
Activation of p85a by IR impairs hepatic insulin
action and increases: hepatic glucose output and synthesis of proinflammatory cytokines and triglycerides. In
healthy humans, white adipose tissue (WAT) is highly
responsive to insulin signalling which results in lipolysis. IR damages this mechanism, leading to increased
plasma levels of non-estrificated fatty acids, increased
fatty acid delivery to the liver and skeletal muscle and
thereby promoting insulin resistance in those tissues
— all these changes together create a vicious circle [18].
The main function of insulin in skeletal muscles is
the promotion of cellular glucose uptake, glycogen
synthesis, and glycolysis. Those effects are disturbed by
disrupted myocellular GLUT4 translocation to the plasma membrane and t-tubules in IR due to faulty INSR,
IRS1, PI3K, and AKT activity. Accumulation of lipids in
hepatocytes induces further hepatic insulin resistance
via the activation of PKCe by hepatic DAG, this, in turn,
leads to the development of NAFLD and NASH [19, 20].
High fat or Western-type diet is a cause of gut
microbiota dysbiosis. This in term leads to disruption
of GLP-2–mediated tight junction integrity, allowing
microbial lipopolysaccharide (LPS), trimethylamine
(TMA), and other metabolites to pass through the gut
epithelium and contribute to the development of chronic
inflammation of the liver and adipose tissue increasing
insulin resistance [21].
Fat distribution is a major factor in the development of MetS. Subcutaneous fat accumulation less
often leads to metabolic complications than visceral
localization. Excess visceral adiposity is related to the
ectopic accumulation of WAT in different organs such
as the heart, liver and muscle tissue. With the progression of obesity its physiology changes leading to the
development of adiposopathy or “sick fat”. It starts to
secret pro-inflammatory biomarkers such as C-reactive
protein, interleukin-6, TNF-a and leptin [22].
Leptin is a hormone capable of suppressing
hunger by direct impact on its receptors within the
arcuate nucleus of the hypothalamic feeding centre.
However, when reaching the brain it has to pass the
blood-brain barrier by connecting with specific transporting proteins. In obesity leptin levels are elevated
but — paradoxically — it causes the opposite effect. It
is postulated that in obesity transport of leptin through
the blood-brain barrier becomes ineffective on the
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level of transporting proteins in the blood-brain barrier,
greatly reducing its anorexigenic potential. At the same
time decrease in levels of adiponectin – an important
antiatherosclerotic adipokine — leads to the inhibition
of insulin receptor proteins promoting insulin resistance.
A constant proinflammatory state contributes to the
development of cardiovascular complications of MetS
[23]. Further increase in the expression of inflammatory
genes is caused by adipose tissue hypoxia. Although
the mechanism is not yet understood it is suggested
that it may be caused by deficient angiogenesis further
exacerbated by sleep apnoea [24].
Treatment
There is no single cure for MetS. Dietary modifications, although necessary, used as a sole therapy
provide only a short-lived effect with low long-term
compliance. Physical exercise is another important tool
that has to be used in the prevention and treatment of
MetS. The Global Recommendations on Physical Activity for Health from the WHO recommends a weekly
practice of at least 150 min of moderate-intensity
aerobic physical activity; or, at least, a 75 min weekly
practice of vigorous-intensity aerobic physical activity
for adults aged between 18–64 for maintaining a healthy
weight and prevention of cardiovascular diseases [25].
Several studies show the effectiveness of high-intensity
interval training on the improvement of components of
MetS [26]. Nonetheless, this kind of physical activity is
improper for morbidly obese patients with comorbidities
such as knee osteoarthritis. Also, further studies are
needed to prove its long-term effectiveness.
Four new medications for the treatment of obesity
were approved by the FDA during the last 10 years:
lorcaserin, phentermine-topiramate, naltrexone-bupropion extended-release and liraglutide. Use of lorcaserin
— a selective 5-hydroxytryptamine (5-HT)2C receptor
agonist — led to at least 5% weight loss during the
trial in over 40% of patients, but failed to maintain the
advantage against the group receiving diet and exercise
counselling alone after one year [2]. Phentermine and
topiramate are catecholamine releaser and anticonvulsant respectively. The mechanism of action remains
unknown but is thought to be mediated through its
modulation of gamma-aminobutyric acid receptors,
inhibition of carbonic anhydrase, and antagonism of
glutamate resulting in reduced hunger. Therapy with
phentermine and topiramate results in an average
weight loss of 7.7 kg and shows significant dose dependency. In addition, it successfully improved components
of MetS such as waist circumference, blood pressure,
and plasma glucose and lipid levels [27]. Naltrexone/bupropion is a combination of an opioid antagonist and
an atypical antidepressant acting by suppression of
autoinhibition and stimulation of the activity of POMC
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neurons. Clinical trials demonstrated placebo-adjusted
weight losses at 56 weeks, ranging between 2.5% and
5.2% of initial body weight, at the currently approved
dose. It slightly improves lipid metabolism but at the
price of increased heart rate and blood pressure [28].
Liraglutide is an analogue of a GLP-1 previously approved for the treatment of T2DM. It acts by increasing
cyclic AMP thus stimulating the glucose-dependent
release of insulin, inhibiting the glucose-dependent
release of glucagon and delaying stomach emptying.
According to a meta-analysis by Konwar et. al. subcutaneous doses of 3,0mg resulted in a mean reduction
of 4.9 kg of weight, 3.5 cm of waist circumference and
1.86 kg/m2 BMI with a reasonable safety profile [29].
All the studies of medications mentioned above were
performed on patients who received dietetic and physical activity counselling.
Nevertheless, more randomized clinical studies
should be performed to assess the long-term effects and
safety of modern pharmacotherapy and it is worth noting
that many previously used drugs for the treatment of
obesity were withdrawn due to the severity of side effects.
Laparoscopic Sleeve Gastrectomy
Laparoscopic Sleeve Gastrectomy (LSG) or Vertical
Sleeve Gastrectomy (VSG), first introduced as a separate operation in 1999 is the most performed type of
bariatric surgery in the world. Numerous studies proved
that this is a safe and effective method of treatment of
morbid obesity [30, 31, 32, 33]. The technique is relatively simple, without creating an anastomosis it avoids
complications related to bowel surgery such as internal
herniation or small bowel obstruction. The most typical
complication – the leak is rare, present in 2.2–2.4% of
patients. Other, less common include stenosis, fistula,
pouch dilatation, and haemorrhage [34, 35]. Mortality
has been estimated to be around 0,08%. Dumping
syndrome prevalent after bypass surgeries is less likely
to occur after LSG, on the other hand, constipation is
more frequent in LSG patients [36]. One of the important
advantages of LSG is the possibility to convert to RYGB
or MGB in case of complications or failure to achieve
desired metabolic effect [37].
The mechanism of action is multidimensional.
Changes in incretin hormones seem to play a crucial
role in the effectiveness of this operation. An increase
in levels of Glucagon Like Peptide-1 (GLP-1) after LSG
leads to an improvement of glucose tolerance, by
improving the function of b-cells by stimulating insulin
release, lowering HbA1C concentration, and suppressing the release of glucagon [38].
Removal of the gastric fundus results in a drop in
concentration of orexigenic hormone – ghrelin produced
by X/A-like endocrine cells of the gastric fundus. It is
the only known gastrointestinal, appetite-stimulating
hormone [39, 40].

Furthermore, LSG affects bile metabolism. LSG
induces an increase in plasma concentration of bile
acids, which by interaction with nuclear and membrane receptors farsenoid X receptor, peroxisome
proliferator-activated receptor-a (PPARa), and Takeda
G Coupled Protein 5 induce numerous metabolic effects
such as an increase in insulin secretion by pancreatic
b cells, improvements in glucose tolerance, enhancement of glucose uptake by adipose tissue, decrease in
gluconeogenesis, increase in glycogen synthesis [41].
Alterations in the gut-brain-microbiome axis were
observed. Patients after sleeve gastrectomy show improvement in eating behaviour, a decrease in anxiety
and depression scores along with better self-reported
physical health. Bacterial diversity increases, with an
increase in Firmicutes/Bacteroidetes ratio contributing
to reducing obesity and gut inflammation [42].
In his meta-analysis, Madadi et al. [43] show that
remission of T2DM is achieved in 56,29% of patients
after VSG. %EWL of 47% seven years after surgery was
demonstrated in the SLEEVEPASS study along with
47% of patients discontinuing dyslipidaemia treatment
after five years [31, 44].
Improvement in hypertension was observed in
86% of patients with 23% of patients discontinuing the
therapy one year after LSG in the study conducted by
Diemieszczyk et al. [45] Another study by Kaya et al.
[46] showed a significant decrease in blood pressure,
heart rate and the levels of triglycerides and low-density
lipoprotein cholesterol as early as six months after LSG.
Nonetheless, the metabolic effectiveness of LSG
seems to be lower than that of malabsorptive surgeries
[32]. Approximately 43% remission rate of T2DM is observed after VSG in comparison with 70% in the RYGB
group in the meta-analysis by Gomes-Rocha et al. [47].
Mini Gastric Bypass
Mini Gastric Bypass (MGB) or One Anastomosis
Gastric Bypass (OAGB) is a novel type of bariatric-metabolic surgery proposed in 1997 by Rutledge as a less
technically demanding procedure than Roux-en-Y
gastric bypass [48]. It combines the advantages of
restrictive and malabsorptive operations. It is already
proven as a safe and effective type of operation [49].
Achieved excessive weight loss is higher than in VSG
with better metabolic effect. Complications are relatively
uncommon, reaching up to 0.5%, and include intra-abdominal bleeding, gastric pouch leak, anastomotic
leak, ‘afferent loop syndrome’, abdominal abscess,
pulmonary embolism, lung infection, and pleural effusion [50]. The risk for marginal ulcers is lower than in
RYGB [51]. Malnutrition is sparse and occurs less often
than in RYGB but high rates of vitamin A and D deficits
and secondary hyperparathyroidism were observed.
Malnutrition may be mitigated by adjustment of the
length of the biliopancreatic loop, which can range

www.journals.viamedica.pl/medical_research_journal

343

MEDICAL RESEARCH JOURNAL 2022. vol. 7. no. 4

from 100 cm to 200 cm with a recommended value
of 150 cm [52, 53]. Another advantage of OAGB is its
complete reversibility to normal anatomy and potential
convertibility to other types of MBS [54].
One of the suggested mechanisms of action
of OAGB is the induction of subclinical dumping
syndrome. Wide gastrojejunoanastomosis may be
considered a wide-bore feeding jejunostomy. When
a high volume of carbohydrate-rich food passes quickly
through the stomach stump into the jejunum it causes
the transition of a fluid into the gut causing distention,
dizziness and lowering of the blood pressure thus forcing patients to change eating habits [55].
Although data on the changes in incretin hormone
levels after OAGB is sparse they play a significant role
in the effectiveness of this type of surgery. A rise in the
plasma level of GLP-1 was observed after OAGB. It is
suggested that this change occurs due to the almost
instantaneous passage of food into the distal part of the
jejunum since gastrojejunoanastomosis is around the
same diameter as the oesophagus [56].
A recent meta-analysis conducted by Tourky et al.
showed that %EWL and %TWL range from 28.88 to
33.8 and 68.21 to 78.1 respectively after one year and
from 32.53 to 36.18 and 72.9 to 78.08 respectively after
three and more years [57]. Remission rates of T2DM
as shown in the randomized study — YOMEGA reach
60% [58]. Hypertension remission rates vary from 25%
to 83.7% [59].
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Conclusions

14.

Available data show that bariatric-metabolic surgery
is the best method for treating patients with metabolic
syndrome providing not only weight loss but effectively improving the metabolic parameters of the patients. Nevertheless, there is still not enough evidence
to support one particular type of operation. There is
a need for randomized clinical trials and further, longterm studies to confirm the superiority of one method.
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ABSTRACT
Schistosomiasis is a parasitosis, most commonly caused by Schistosoma mansoni or Schistosoma haematobium, eventually by other species from the genus Schistosoma (blood flukes). This study presents
a case of schistosomiasis in an African-origin student cured in the Primary Healthcare Clinic (PHC) in
Lublin, Poland.
The young adult male patient from Zimbabwe, studying in Poland, presented to the PHC, due to pain in the
left down quadrant of the abdomen, bloody stools, and a single episode of drooling with a blood-stained
jelly-like mass, without fever. In blood tests, there was neutropenia, lymphocytosis and eosinophilia. In a
colonoscopy, numerous lymphoid nodules were observed with small regions of mucosal erythema, faded
vascular drawing, and delayed small contact bleeding.
The patient had an elevated level of IgE (329,5 IU/mL; N < 158) and minor abnormalities in the
proteinogram. Abdominal CT showed calcification of intestinal walls, suggesting infection of flukes
from the Schistosoma genus. The result of histopathological examination confirmed the presence
of structures interpreted as parasite eggs in intestinal crypts, lamina propria and the lumen of
mesenteric vessels.
It is of great importance, that general medicine physicians working in schistosomiasis non-endemic regions are aware and pay attention to various risks as well as provide referrals to advanced imaging and
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endoscopic procedures in patients with unusual health problems. Keeping in mind, that early signs and
symptoms of schistosomiasis, and results of blood tests may remain unspecific in contrast to a more
complex gastrointestinal diagnostic approach, a chance of early diagnosis and successful therapeutic
intervention may be facilitated.
Key words: schistosomiasis, imported parasitosis, travel medicine, parasitology, gastroenterology
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Introduction
Schistosomiasis is a parasitosis, most commonly
caused by Schistosoma mansoni or Schistosoma haematobium, eventually by other species from the genus
Schistosoma (blood flukes).

According to World Health Organization WHO data,
90% of schistosomiasis occurs in Africa. Apart from this
continent, the endemic occurrence of schistosomiasis
is observed in South-Eastern Asia, Latin America, and
French Corsica (the only European region) [1]. In recent
years, due to climate changes, the occasional occur-
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rence of Schistosoma intermediate hosts can be noticed
in South-Western Europe. On the other hand, in Poland,
according to the non-occurrence of intermediate hosts
and long incubation period, schistosomiasis is reported
only as an imported disease [2].
Intermediate hosts of flukes are freshwater snails,
whereas final hosts are rodents, domestic pets, and humans. Infection takes place during bathing in water, where
flukes eggs reside. Eggs invasion occurs transdermal to
the circulatory system, where finally (in mesenteric veins)
mature flakes lay eggs [3].
The article aims to present the diagnostic process of
schistosomiasis in the case of an African-origin student
cured in the Primary Healthcare Clinic (PHC) in Lublin,
Poland.

Case report
The young adult male patient from Zimbabwe, studying in Poland, presented to the PHC, due to pain in the
left down quadrant of the abdomen, bloody stools, and
a single episode of drooling with a blood-stained jelly-like
mass, without fever. According to physical examination,
only tenderness in the projection of the sigmoid colon
was present. Abdominal ultrasonography revealed no
abnormalities. Symptomatic treatment was administrated
and the patient received a referral for blood tests and
a colonoscopy. The very first suspected disease was
inflammatory bowel disease.
During the second visit, 2 weeks later, the patient
presented with symptoms worsening, except for drooling
the jelly-like mass. Second abdominal ultrasonography
scanning confirmed previous results and revealed no
abnormalities. In blood tests there was neutropenia, lymphocytosis and eosinophilia (Tab. 1). The faecal occult
blood test was positive.
In a colonoscopy, numerous lymphoid nodules were
observed with small regions of mucosal erythema, faded
vascular drawing, and delayed small contact bleeding.
The samples for histopathological examination were taken
from mentioned regions. According to the presented endoscopic picture, parasitosis was suspected and the PHC
Physician implemented treatment with albendazole, referring the patient to the genetic clinic for further evaluation.
The geneticist ordered the measurement of IgE,
proteinogram, and computed tomography (CT) of the
abdominal cavity. The patient had an elevated level of
IgE (329,5 IU/mL; N < 158) and minor abnormalities in
proteinogram (gamma-globulins 1,39 g/dL; N 0,8–1,35;
alfa-1 globulins 0,2 g/dL; N 0,21–0,35). Abdominal CT
showed calcification of intestinal walls, suggesting infection of flukes from the Schistosoma genus. The result of
histopathological examination confirmed the presence of
structures interpreted as parasite eggs in intestinal crypts,
lamina propria and the lumen of mesenteric vessels.

Table 1. The results of the blood tests during the first
PHC visit
Test

Result

Normal range
(N)

Unit

Leukocytes (WBC)

4.04

4.0–10.0

109 /L

Erythrocytes (RBC)

4.77

4.7–6.1

1012 /L

Haemoglobin (HGB)

13.8

14.0–18.0

g/dL

Haematocrit (HCT)

40.6

40.0–54.0

%

Thrombocytes (PLT)

199

150–400

109 /L

Neutrocytes

1.5

2.5–8.0

109 /L

37.1

55.0–70.0

%

Lymphocytes

1.73

1.0–4.0

109 /L

42.8

20.0–40.0

%

Monocytes

0.3

0.1–0.7

109 /L

7.3

2.0–8.0

%

Eosinophils

0.38

0.05–0.5

109 /L

9.5

1.0–4.0

%

0.01

0.00–0.10

109 /L

0.4

0.5–1.0

%

Basophils

According to the mentioned results and the improvement of the clinical condition after the albendazole therapy, the geneticist referred the patient to
the Department of Tropical and Parasitic Diseases in
Gdynia, where praziquantel therapy was ordered. After
the hospitalization in Gdynia, the patient visited General
Healthcare Clinic on a control visit, and no abnormalities
on physical examination were reported.

Discussion
Outside the countries with the endemic existence of
blood flukes, the diagnostics of the illness caused by
them need much effort and skill to deal with, especially
in PHC. This issue seems to have key importance in the
era of globalization and frequent people migrations. For
example, in one single-centre study focused on tourists returning to Turkey from foreign travel, 38.5% of
those presenting symptoms from the gastrointestinal
system, were a host of the parasite. The authors’ conclusion underlines the higher risk of induced malaria or
schistosomiasis when travelling to Africa [4]. Among
migrant children from Africa in Paris, the prevalence of
schistosomiasis estimates to be 24.3%, whereas half of
those cases are asymptomatic [5].
The seriousness of schistosomiasis leads up to the
development of the WHO program for the reduction of its
transmission by promotion of prophylactic behaviours
and mass testing of both people and snails. The goal of
this program includes the global elimination of schisto-
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somiasis by 2030 [6, 7]. The disease remains the most
dangerous for non-immunocompetent patients, which
is crucial according to the HIV epidemic in Africa [8].
Looking at the clinical picture, the first symptoms
of schistosomiasis remain unspecific — the most
common ones include (according to a cohort study
on preschool children with schistosomiasis): pruritic
rash (93%), fever (98%), abdominal pain (62%), pallor
(81%), facial/body swelling within the month (64%), and
inguinal lymphadenopathy (33%) [9]. In the presented
case the early symptomatology does not correspond
with the presented results – having only abdominal
pain in common. On the other hand, the authors of
the aforementioned study (based on the diagnostic
algorithm used in schistosomiasis endemic regions)
do not describe the presence of drooling the jelly-like
mass, which appeals to be the most unique symptom
in the presented case.
The most common results of blood tests in schistosomiasis include (based on a cohort study on infected
children): mild hypochromic anaemia, low haematocrit,
thrombocythemia and leucocytosis [10]. In the presented case, only minimal mild anaemia was presented
(13.8 mg/dL of haemoglobin), whereas other pathologies are described using subpopulations of leucocytes
(neutropenia, lymphocytosis and eosinophilia). There
should also be underlined that eosinophilia is a unique
symptom of parasitosis.
Due to difficulties in schistosomiasis diagnostics,
various novel diagnostic methods are considered to be
used. The blood markers that were checked in screening research on African children appointed soluble
triggering receptors expressed on myeloid (sTREM)
cells and soluble CD23 (sCD23) as useful biomarkers,
whereas sTREM correlated also with egg density in
intestines walls. On the other hand, the levels of IL-6,
eotaxin-1, fatty acid-binding protein (FABP), and LPS
remained unchanged between the study and control
groups [11]. Unfortunately, of the aforementioned biomarkers, only IL-6 deals with high affordability (used
for example in cytokine storm analysis), whereas other
ones are presently used mainly in scientific research.
On the other side, the biomarker used as the diagnostic tool in the non-endemic regions is schistosomula
crude antigen (SCA), which serves as a method for the
detection of antibodies for Schistosoma mansoni. The
aforementioned method has revealed promising results
as compared with ELISAs and dot blots immunoassays
[12]. The study performed on Belgian travellers also
showed and confirmed that testing against Schistosoma antibodies and circulating anodic antigen (CAA) is
helpful in the early detection of acute schistosomiasis
[13]. Similar research from the Netherlands shows that
high CAA positivity in travellers, active infections often is
not established, or they have a very low worm burden.
Based on the observation of high seroconversion rates,

348

the adult worm antigen immunofluorescence assay
(AWA-IFA) seems to be the most sensitive test to detect
Schistosoma exposure [14].
Also, mass metabolomics might be used in the
diagnostic approach to patients with schistosomiasis
suspicion, but at present, it is limited only to clinical
research [15,16].
In urogenital schistosomiasis, the most promising
diagnostic tool is S. haematobium recombinase polymerase amplification (Sh-RPA), which is both rapid and
portable. The method uses samples of cervicovaginal
lavage (CVL) or less-invasive vaginal self-swab (VSS)
for evaluation [17]. Amplification methods used in
schistosomiasis diagnostics do not limit only to ShRPA, at present, they are under extensive research with
promising results [18]. Furthermore, schistosomiasis
remains a possible cause of isolated haematuria in its
endemic regions [19].
Considering schistosomiasis screening, various
methods may have different usage be considered.
Although in the presented case the ultrasonography
of the abdominal cavity remained inconclusive, a large
meta-analysis from China indicates the usefulness of
this method in the diagnostics of schistosomiasis that
affects the liver and is caused by Schistosoma japonicum [20].
In the presented case, abdominal CT scanning was
crucial for revealing intestinal wall calcification. Although
this symptom seems to be pathognomonic for schistosomiasis (and crucial for the differential diagnosis), it is
present only in 21.7% of patients [21].
The most common findings of schistosomiasis
on endoscopy include inflammatory pseudopolyps,
sessile, pedunculated or cauliflower-like, ranging in
size from 1 to even above ≥ 20 mm. The endoscopic
presentation of the intestinal wall may be challenging
to diagnose and in non-endemic regions may suggest
ulcerative colitis, Crohn’s disease, or ischaemic colitis
[21, 22]. According to more casuistic situations, schistosomiasis mimicking neuroendocrine tumours was
reported [23]. In the presented case, inflammatory
bowel disease was the first suspicion, although the results of endoscopy (and especially the samples sent to
histopathology) were the first suggestion of parasitosis.

Conclusion
Despite the present state-of-the-art results with the
development of numerous immunological assays, their
usage in PHC is negligible. Therefore, it is of great importance, that general medicine physicians working in
schistosomiasis non-endemic regions are aware of and
pay attention to various risk factors (eg. African origin
of their patients, recent voyages to the high-risk areas)
as well as provide referrals to the advanced imaging
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and endoscopic procedures in patients with unusual
health problems. Keeping in mind that early signs and
symptoms of schistosomiasis and results of blood tests
may remain unspecific in contrast to a more complex
gastrointestinal diagnostic approach, a chance of early
diagnosis and successful therapeutic intervention may
be facilitated.
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Transcatheter edge-to-edge mitral valve repair (TEER) is an established alternative for patients with severe,
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symptomatic mitral regurgitation (MR) at high surgical risk. The TEER procedure requires transseptal
access, therefore might lead to the development of persistent iatrogenic atrial septal defect (iASD). The
clinical significance of iASD and optimal management particularly from a long-term perspective is not clear.
Herein, we described a case report of a 76-year-old female with prior left atrial appendage occlusion and
severe MR that underwent a TEER procedure using MitraClip® (MC) system. After the MC implantation,
she developed acute hypoxemia due to interatrial right-to-left shunt and required immediate iASD closure.
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Introduction
Mitral regurgitation (MR) is the second most common valvular disease following aortic stenosis [1, 2].
Cardiac surgery remains the first-line treatment option
for most patients with severe MR. However, published
in 2021 guidelines for the management of valvular heart
disease underlined the role of transcatheter edgeto-edge repair (TEER), especially in patients at high
surgical risk with symptomatic secondary MR despite
adequate treatment (Class IIa recommendation) [3]. The
TEER procedure could be performed using MitraClip®
(MC) system (Abbott Vascular, Santa Clara, CA, USA)
that had been introduced in 2003 and investigated in
multiple randomized, controlled trials and retrospective, observational studies [4–9]. The TEER procedure
requires transseptal access, therefore the development

of an iatrogenic atrial septal defect (iASD) is inevitable.
Nevertheless, previous studies showed a decreased
rate of persistent iASD over time suggesting spontaneous closure in most of the patients [10]. The clinical
importance of the persistence of iASD after a transseptal
puncture is being increasingly discussed and up to date
the optimal management in those patients remains not
clear [11–13]. Still little is known regarding the haemodynamic and clinical consequences of persistent iASDs
in the long-term perspective, therefore routine closure
is not a common practice after the TEER procedure
[13–15]. However, haemodynamic deterioration due
to the right-to-left shunt after the transseptal puncture,
although rare, is an undoubted indication to close iASD
[13, 16]. Herein, a case report is presented of a patient
that required immediate iASD closure following the MC
procedure.
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Case description
A 76-years old Caucasian female was admitted to
the cardiology department to perform a TEER procedure. The patient had a history of chronic heart failure
with reduced ejection fraction, persistent atrial fibrillation, hypertension, diabetes mellitus type 2, hyperlip-

Table 1. Echocardiographic parameters of the patient
Echocardiographic parameter

Value

LVEDd [mm]

58

IVSd [mm]

12

LA [mm]

51

PWd [mm]

12

RVd [mm]

36

Aortic root diameter [mm]

35

[cm2]

27.7

LAa [cm2]

33.3

RAa

Mitral valve regurgitation vena contracta [mm]

8

Mitral valve posterior leaflet length [mm]

11

Mitral valve anterior leaflet length [mm]

30

Mitral valve coaptation depth [mm]

10

Mitral valve coaptation height [mm]

5

RVSP [mmHg]

48

Tricuspid regurgitation Vmax [m/s]

3.1

AcT [ms]

85

AcT — acceleration time; IVSd — interventricular septum thickness;
LA — left atrial diameter; LAa — left atrial area; LVEDd — Left ventricular end-diastolic diameter; PWd — posterior wall thickness; RAa
— right atrial area; RVd — right ventricular diameter; RVSP — right
ventricular systolic pressure

idaemia, microcytic anaemia, iron deficiency, chronic
cholecystitis, gastritis, peptic ulcer disease and hypothyroidism. She also underwent the percutaneous left
atrial appendage occlusion (LAAO) procedure 6 months
before the TEER procedure due to a high bleeding risk
(HAS-BLED score 3 points) with a concomitant high
risk of a thromboembolic event (CHA2DS2-VASc score
5 points). The patient suffered from dyspnoea and remained in the NYHA III functional class.
The echocardiography examination showed severe
double-jet mitral regurgitation and severe tricuspid
regurgitation. The mitral valve effective regurgitation
orifice area (EROA) of the lateral and the medial jet was
0.22 cm2 and 0.21 cm2 respectively. All heart chambers
were enlarged, and the ejection fraction (EF) was reduced to 35%. Detailed echocardiographic parameters
are presented in Table 1.
The TEER procedure was performed using the MC
Generation 4 system. The patient was anaesthetized
and intubated. The transoesophageal echocardiography (TEE) probe was inserted. The right femoral access
was used for the MitraClip Delivery System insertion.
The place of previous interatrial septum punctuation
made during the LAAO procedure was used to place
a 22-Fr steerable guide catheter under the control of
TEE. Afterwards, the severe MR (grade IV) was reduced
to mild (grade I) after implantation of two clips (NTW
and XT) and the mitral valve maximal gradient was
5 mmHg (Fig. 1). However, despite the successful clip
delivery patient’s state deteriorated. Severe hypoxemia
with the O2 saturation decreased to 84% was observed.
The TEE revealed the presence of 7.3 mm iASD with
reversed (right-to-left) interatrial blood flow (Fig. 2).
The immediate decision was made to close the iASD.
The shunt was successfully secured (Fig. 3) using the

Figure 1. Reduction of mitral regurgitation to grade I after implantation of two MitraClip® devices (red arrow — residual
mitral regurgitation jet)

www.journals.viamedica.pl/medical_research_journal

351

MEDICAL RESEARCH JOURNAL 2022. vol. 7. no. 4

Figure 2. Modified bicaval view of a large iatrogenic atrial septal defect with right-to-left blood flow (red arrow — rightto-left shunt through interatrial septum)

Figure 3. Modified bicaval view with no interatrial blood flow after the closure of the iatrogenic atrial defect (red star
— atrial septal occluder)

Figulla Flex II PFO 23/25 mm (Occlutech GmbH, Jena,
Germany) under the TEE control. After the occlusion
the patient’s condition stabilized instantaneously, the
O2 saturation increased and the extubation could be
safely performed. The patient reported a slight reduction
of dyspnoea after the procedure and was in the NYHA
II/III functional class.
The transthoracic echocardiography performed
at the end of the hospital stay showed moderate MR
between two clips (vena contracta 6 mm). The mitral
valve mean gradient and the maximal gradients were
4.5 mmHg and 9.3 mmHg respectively. The occluder
was adequately placed within the interatrial septum
with no blood flow. The patient’s clinical state remained
stable during the rest of the hospital stay and she was
discharged 4 days after the procedure.
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Discussion
The TEER procedure using the MC system was
established as an alternative for the treatment of secondary, severe MR in patients with high surgical risk,
particularly those who fulfil the COAPT-like criteria [3].
The MC technology significantly improved since its
first use in 2003 and currently, the 4th generation of
the MC device is in use. The technical development
and increasing experience of the operators reflected
in the reduction of complications related to the TEER
procedure from 15% to less than 3.5% during the last
15 years [10]. Schnitzler et al. [10] identified two major
groups of potential complications: procedure-related
and device-related. The first group is mainly a result
of the wide-lumen access and transseptal puncture
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(e.g. vascular complications, thromboembolic complications or iASD) and the latter include functional or structural
device failure (e.g. mitral stenosis, persistent MR or device
detachment).
The prevalence of iASD varied in previous reports from
57–82% one month after the procedure and decreased
over time to 50% after 6 months and 24–35% after
12 months of follow-up [17–21]. The optimal management
of persistent iASD after the MC procedure is a subject of
an ongoing debate. Immediate haemodynamic complications due to iASD undoubtedly need to be treated; nevertheless, this clinical situation is rather rare. In the large
retrospective cohort study, Takaya et al. [22] reported
that of the 2722 patients who were treated with the MC
procedure in Japan only 30 (1%) required percutaneous
iASD closure. Of those, the majority (n = 22, 73%) was
performed within 24 hours after the MC device implantation. The most common indication for iASD closure,
reported in 17 cases (57% of all performed procedures),
was an acute deterioration of a patient due to hypoxemia
with right-to-left blood flow, as described also in the
presented manuscript [22]. Similar clinical scenarios
were also described in other previously published case
reports [12, 16, 23].
Residual iASD after the MC procedure and its clinical impact are still insufficiently explored. The iASD
presence in some patients could potentially lead to
a reduction of the expected beneficial effect of TEER
due to fluid overload of the right ventricle. Schueler
et al. investigated 66 patients who underwent the MC
procedure of which 50% had persistent iASD 6 months
after the procedure with a mean maximal diameter of
4.3 ± 1.7 mm [19]. The group without the iASD was
less symptomatic and had a lower level of N-terminal
pro-brain natriuretic peptide, lower right ventricle diameter, and lower death rate during 6 months of follow-up
(16.6% vs. 3.3%; p = 0.05). In the cohort of 96 patients
after the MC procedure investigated by Toyama et al.,
the occurrence of iASD at the 1-year follow-up was
associated with right heart enlargement, worsening of
the tricuspid regurgitation, and an increased rehospitalization rate due to heart failure [20]. Similarly, the group
with persistent iASD at one-year follow-up in the study
by Smith et al. [21] showed greater residual MR, worse
tricuspid regurgitation and a trend toward higher LA volumes. Ikenaga et al. [17] investigated 131 patients who
underwent the MC procedure and found that patients
with residual iASD had worse MR and lower ejection
fraction after 12 months of observation. Nevertheless,
the authors found no association between iASD and the
NYHA functional class or brain natriuretic peptide level.
On the contrary, some previous studies suggested
that persistent iASD might lead to a reduction of the left
atrium pressure and decreased left ventricle preload
and thus improving the haemodynamic parameters of
the patient [24]. Eden et al. [15] retrospectively inves-

tigated the haemodynamics of the iASD in 69 patients
who underwent the TEER procedure. Besides the
reduction of the mean LA pressure, the authors also
reported decreased systemic and pulmonary vascular
resistance, lower mean pulmonary capillary wedge
pressure, and higher cardiac index after the device
implantation. Furthermore, the iASD was not related to
negative right ventricle remodelling 6 months after the
procedure, regardless of the shunt volume.
The impact of iASD closure after a successful MC
procedure was investigated in the MITHRAS trial [25].
Eighty patients with relevant iASD shunt (ratio of pulmonary to systemic blood flow ≥ 1.3) were randomized
1:1 to interventional closure procedure one month after
the TEER or conservative treatment. After a 12-month
follow-up, no differences were found in the combined
endpoint of death or hospitalization due to heart failure
between the groups. The authors also compared the
MITHRAS cohort with a group of 235 patients without
a relevant iASD (ratio of pulmonary to systemic blood
flow < 1.3). The investigated clinical endpoint was more
prevalent in patients with relevant iASD. The observed
difference was mainly a result of a higher heart failure
hospitalization rate [25].
The optimal long-term management of iASD after
the TEER procedure is still not established and previous studies provided inconclusive results. Patients with
large residual iASD and relevant shunt seem to be at
higher risk of unfavourable outcomes in comparison
to those without iASD. Large catheter size, longer duration of the procedure, higher left atrial pressure, left
ventricular hypertrophy, and extensive manipulations
of the intervascular sheaths were associated with the
higher occurrence of the residual iASD [13]. Adequate
qualification of patients for the TEER procedure could
help reduce the complications and, in this context, also
the assessment of pre-procedural pulmonary hypertension might be beneficial. Some of the authors recommend routine post-procedural imagining to determine
the size, direction, and significance of the shunt [16].
The discussion regarding optimal strategy in patients
with persistent iASD is ongoing and further studies are
required in this field.
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An integrated approach to tackling
climate change in Africa

To the Editor
Biological threats have the potential to kill millions,
cost billions in economic losses, and create political and
economic instability be it natural, accidental or manmade. Global assessments of the implication of climate
change on biosecurity and the changes that might be
experienced in natural or managed ecosystems are
ramping up. A study by the Intergovernmental Panel on
Climate Change, explains some of the factors that have
contributed to Africa’s susceptibility to climate change
including high dependence on ecosystem goods for
livelihoods, weak adaptive capacity, and less developed
agricultural production system [1]. Managing this risk
requires the integration of mitigation and adaptation
strategies both in the management of ecosystem goods
and services and the general agriculture production
systems in Africa.
In tackling climate change in Africa, certain
structures and systems must be put in place. Firstly,
a sustainable system relies on quality scientific data!
Africa is faced with a lack of quality data which has
crippled activities in research, governance, planning,
and interventions. Africans have a crucial role to play
in bridging the data gap between research and implementation by developing community-centred data
systems. In addition, it has been proven that climate
change poses interesting challenges at the interface of
science and policy and as such requires a two-edged
approach to combating it. Yearly, decisions and policy
pronouncements are made at regional, national and
international levels. These decisions usually are wellplanned and well-thought, but it is a thing of the past
once the meetings are over due to limited or inadequate
government financing. This underscores the significant

role of African youth in ensuring accountability from
policy-makers toward attaining the set sustainable
development targets.
With the re-emergence of infectious diseases like the
Lassa Fever, Ebola, COVID-19, and recently, monkeypox, it became more evident that environmental health
can directly or indirectly influence human health. This
could be attributed to climate change leading to an increase in zoonoses and vector-borne diseases. A study
further unveils the major mechanisms by which this
impact affects the human population: modifications
in disease vectors; reservoir and pathogen lifecycles;
diseases of domestic and wild animals and plants; alteration or destruction of habitats; trophic cascades; and
disruption of synchrony between interacting species [2].
Over the years, veterinary, medical, and environmental
health professionals have and continue to play a crucial role in optimal global health as it related to climate
change. This interdisciplinary approach is known as
‘One Health’. Hence, the One Health concept needs
to be embraced to understand the impact of climate
change on biological systems.
Moreover, there is an urgent need to promote the democratization of science, knowledge, and policy in Africa
to encourage translational studies, formulation of best
practices, and boosting local actions that will strengthen
global health. Supporting environmental health agencies
— which has been widely considered the weakest link
of the three sectors in the health triad — will also help in
furthering the ‘One Health’ agenda. By engaging interdisciplinary research with policy and action on relevant
One Health themes in Africa, we would directly build
resilient global health systems that are efficiently bolstered
against the persistent scourge of re-emerging infections
and constantly threatened by antimicrobial resistance [3].
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Finally, addressing the challenge of climate
change requires a holistic approach from all relevant sectors which is more productive than each
sector working independently. It is a fact that climate
change impacts food security which is directly linked
to edible animal products, comprehensive livestock
systems, and vector-borne zoonotic pathogens
commonly found in livestock [4]. With an increase
in at-risk population groups in Africa and a predicted surge of vector-borne zoonoses, food-borne
pathogens, and water-borne diseases due to global
warming, Africa must adopt an integrated approach
to mitigate the adverse effects of climate change
across its borders.
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The psychological impact of the
COVID-19 pandemic on healthcare
workers

To the Editor
Ever since its outbreak, the COVID-19 pandemic
has profoundly affected our lives. The novel coronavirus
poses a threat not only to physical but also to mental
health. Survivors often suffer from the so-called postCOVID-19 syndrome, experiencing symptoms such as
fatigue, loneliness, anxiety, and even depression, that
persistently influence their functioning [1, 2]. However,
we must not forget about the toll taken on the psychological well-being of people subjected to preventive
measures, namely quarantine and isolation [3]. In that
context, healthcare workers standing on the frontline of
this global crisis, are a particularly affected group [4].
The importance of understanding the psychological
impact of the COVID-19 pandemic on the medical staff
cannot be overstated.
With that in mind, I read with great interest the recent
article by Burak and Grzonkowska [5] entitled The experience of quarantine among employees of the National
Medical Rescue System during the COVID-19 pandemic.
The researchers sought to analyse the feelings, experiences, and coping mechanisms of Emergency Medical
Service workers that were subjected to quarantine or
isolation in the course of the COVID-19 pandemic.
The study was conducted from December 2020 to
February 2021 using a survey questionnaire. It included 89 healthcare workers — physicians, nurses, and
paramedics — mostly employed in emergency departments. During quarantine, the feelings experienced
by the participants included mostly ambiguous mood
(64%, n = 57), anxiety (57.3%, n = 51), and irritability

(56.1%, n = 50). Half of the respondents experienced
stress with the inability to leave home and the feeling
of helplessness identified as the most severe aspects
of the quarantine. Interestingly, the researchers found
significant differences between women and men, with
the former experiencing anxiety and fear more often
than the latter; however, men exhibited an increased
desire to consume alcohol while in quarantine (48.8%
vs. 22.9%, p = 0.014). The authors also reported on
age-related differences: younger employees felt significantly more helpless in the face of the situation and the
loss of income. Sadly, most of the respondents stated
that they did not have an opportunity to access psychological help (78.7%, n = 70). But, as a silver lining, the
quarantine inspired 40.4% (n = 36) of the participants
to undertake additional activities such as catching up
on films and reading or doing minor home repairs. The
most prevalent attitude toward the time spent in quarantine was a positive one, with an increased appreciation
for one’s health. One-fifth of the respondents rated it as
having changed their lifestyle for the better.
Importantly, Burak and Grzonkowska underlined
the need for conducting further research on the mental
health and well-being of medical staff in crises such
as the current pandemic. I strongly concur with their
conclusion and applaud them for their contribution to
better understanding the psychological impact of the
COVID-19 pandemic on healthcare workers.
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