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ORIGINAL ARTICLE
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— NEW CHALLENGES AND PROCEDURES
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Abstract

Aim: To analyze the knowledge on Advanced Life Support procedures performed in Intensive Care Unit patients in the
(OVID-19 era as new challenges and procedures among medical staff from January 1 to April 30, 2021.

Material and methods: The survey included 102 people, mostly women (68%), the percentage of men was 32%.
Results: The vast majority of respondents — 82% are convinced that they know new ALS procedures in ICU patients
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in the time of the COVID-19 pandemic. The knowledge of procedures among medical personnel was influenced by the
fact that they had qualification courses or specializations. The obtained results should be considered alarming, as they
show significant gaps in the knowledge of the ALS guidelines during the COVID-19 pandemic.

Conclusions: Most of the respondents got acquainted with the new procedures for performing ALS procedures in the
time of the COVID-19 pandemic on their own, hence an important conclusion of this survey is the absolute greater
popularization, availability and periodic repetition of training among medical personnel in the field of ALS.

INTRODUCTION

Coronaviruses, as the etiological factors of main-
ly respiratory system infections, were not previously
the leading topic of scientific research from the point
of view of public health. Only at the time of declaring
a pandemic, more and more publications on this sub-
ject appeared in order to systematize what we already
know, what was observed and to standardize the pro-
cedures. The high risk of infection of medical per-
sonnel with the SARS-CoV-2 virus justifies changes
in the guidelines for Advanced Life Support (ALS).
The guidelines were released on April 24, 2020. They
may change as knowledge and experience in dealing
with COVID-19 patients develops. Due to the differ-
ent severity of the pandemic, there may be differenc-
es in clinical practice in individual countries. [1,2]

Safety is the most important element in which we
take into account the following priorities:

1. Own person

2. Other healthcare professionals

3. Witnesses to the event

4. Patient.

The time required to safely undertake patient care
is an acceptable part of the cardiopulmonary resusci-
tation (CPR) process [3-5].

NON-HOSPITAL CARDIAC ARREST

The data concerning the Italian population show
that in the time of the COVID-19 pandemic, medi-
cal personnel undertook resuscitation less frequent-
ly than in 2019 (63.5% and 69.4% respectively).
This may have been related to the observation of
late death marks by medical personnel and a delay
in calling in emergency medical teams. In the pre-
hospital setting, 19.5% of resuscitations in 2019
were related to Return Of Spontaneous Circula-
tion (ROSC). 13.2% of patients were admitted to
the hospital during resuscitation. In turn, in 2020,
the percentage of individual groups was — 7.8% for
ROSC and 9.4% for patients who were transferred
to the hospital during the ongoing resuscitation
[1, 3-6].

Moreover, for pre-hospital treatment, obtaining an
IO in a protective suit has been confirmed by many
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authors of scientific publications as a method that is
more effective than gaining access to peripheral ves-
sels during resuscitation [7 ,8].

RESUSCITATION OF PATIENTS LOCATED ON THE ABDOMEN
(“PRONE POSITION")

COVID-19 patients are often placed in the
prone position to improve oxygenation and in-
crease alveolar recruitment. In the event of a car-
diac arrest in an unintubated patient in the prone
position, the patient should be turned onto their
back immediately prior to commencing advanced
life support. When cardiac arrest occurs in a me-
chanically ventilated patient in the prone position,
it is possible to compress the chest by generating
pressure on the patient’s back. This can ensure per-
fusion in vital organs while the team prepares to
turn the patient onto his back according to the fol-
lowing sequence:

1. Medical personnel should wear PPE against air-
borne particles
2. Compress 5 to 6 cm between the shoulder blades at

a rate of 2 compressions per second
3. Turn the patient over on his back if:

a. chest compressions are ineffective — invasive
blood pressure measurement below 25 mmHg
of diastolic blood pressure,

b. intervention is required in the supine position
(e.g. problem with airway obstruction),

c. failure to return to spontaneous circulation
quickly (within one minute).

4. Turning the patient on his back requires additional
help — plan this in advance.

5. Options for sticking adhesive electrodes to the
prone position include:

a. anterior-posterior electrode position or

b. lateral position under both patient’s armpits
[9-11].

THE AIM

The aim of the study is to analyze the knowledge
of medical personnel regarding the performance of
treatments and procedures — ALS in Intensive Care
Unit (ICU) patients in the COVID-19 era (from Janu-
ary 1 to April 30, 2021).

MATERIAL AND METHODS

The significance of the relationship between the
two nominal variables was checked using the chi-
square test of independence.

The significance of differences in the mean scores
between the two groups was checked using the Stu-
dent’s t-test for independent samples.

The significance of differences in mean scores be-
tween more than two groups was checked using one-
way analysis of variance (ANOVA).

The correlations between the variables were
checked using the Spearman coefficient.

The significance level of p = 0.05 was adopted in
the statistical analyzes. The analyzes were performed
using the SPSS 24 software.

RESULTS

The survey included 102 people, mostly women
(68%), the percentage of men was 32%. The respond-
ents were aged 20 to 29 (28%), 30 to 39 (37%), and 40
to 49. The smallest group were people aged over 49
(9%). Most of the respondents are city dwellers (44%
below 100,000 inhabitants, 41% above 100,000 inhab-
itants). The most numerous professional group among
the respondents were nurses (59%), a smaller group
were doctors (27%) and paramedics (15%). Among
the respondents, 25% of the respondents had special-
izations, 13% of people had a qualification course, a
large percentage of the respondents were in the course
of a specialization or course (34%). Most respondents
had work experience from 4 to 9 years (32%) and from
10 to 19 years (28%). New procedures for perform-
ing ALS procedures in ICU patients in the time of the
COVID-19 pandemic were known to 82% of respond-
ents, or so said. However, a relationship was found be-
tween the place of residence and the knowledge of pro-
cedures (p = 0.005). People living in large cities (95%)
said they know the procedures more often, less often
people living in smaller cities (78%), and the least of-
ten respondents living in rural areas (60%). There was
also a statistically significant difference in the knowl-
edge of procedures between the groups separated by
occupation (p = 0.044). Nearly 89% of doctors claimed
to know new procedures for ALS procedures in ICU
patients in the time of the COVID-19 pandemic. The
percentage of nurses that said so was not much lower
and amounted to 85%. On the other hand, only 60% of
the surveyed paramedics stated that they know the new
procedures for performing ALS procedures.

The knowledge of procedures was statistically sig-
nificantly influenced by the fact of having qualifica-
tion courses or specialization (p <0.001). All those who
completed the course said they were familiar with the
procedures. A slightly lower percentage of people who
said so was among people who were in the course or
specialization (94%) and among people who completed
their specialization (88%). However, among people who
did not have a course or specialization, the knowledge
of procedures was worse, only 55% of the respondents
from this group answered positively in the survey.
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Later in the survey, only responses were collected
from people who said that they know the procedures
for ALS procedures in ICU patients in the time of the
COVID-19 pandemic. Most of the respondents famil-
iarized themselves with the new procedures (54%).
The remaining respondents were introduced to the
ward nurse or her deputy (22%), through training pro-
vided by the employer (12%), by the head of the ward
(8%) or by another nurse from the ward (4%).

The biggest challenges related to the new proce-
dures of ALS procedures performed in ICU patients
in the time of the COVID-19 pandemic are the low
amount of remuneration in relation to the duties per-
formed (62%), helplessness (51%), lack of knowl-

3,50%

By the ward nurse

By the head of the department

Training provided by the employer

By the ward nurse or her deputy

Independently

0,00% 10,00%

Fig. 2. How to get acquainted with the new procedures. (n = 102).
Source: own study.

edge of the procedures by other members of the ther-
apeutic team (45%) . A lesser challenge was the lack
of Personal Protective Equipment (31%), perceptible
fear and anxiety (28%).

On the other hand, only 35% of respondents knew
that the latest ERC (European Resuscitation Council)
guidelines state that chest compressions can be per-
formed by generating pressure on the patient’s back.
In addition, 46% of respondents knew that the ERC
(European Resuscitation Council) guidelines do not
recommend the routine use of sodium bicarbonate
during cardiac arrest and CPR or after ROSC.

The results of the research are presented in Fig-
ures 1-6 and in Tables 1-2.

Fig. 1. Does the respondent know the new ALS procedures in
ICU patients in the time of the COVID-19 pandemic?
(n=102).

Source: own study.

8,20%

11,80%

22,40%

54,10%

20,00% 30,00% 40,00% 50,00% 60,00%
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Yes

No 58%

22%

Fig. 3 Are new ALS procedures in ICU patients a challenge for the respondent? (n = 102).
Source: own study.

Others 7,10%

]

11,80%

|

The new procedures are not a challenge for me

28,20%

|

Perceptible fear, anxiety

30,60%

|

No personal protective equipment

Stress 44,70%

|

49,40%

|

Lack of knowledge of the procedures by other...

Helplessness 50,60%

|

Low amount of remuneration in relation to the... 62,40%

|

0,00% 10,00% 20,00% 30,00% 40,00% 50,00% 60,00% 70,00%

Fig. 4. Challenges related to new ALS procedures performed in ICU patients in the time of the COVID-19 pandemic? Multiple
responses possible. (n = 102).
Source: own study.

0,
I don't know 18,80%
Ves 35,30%
No 45,90%
0,00% 10,00% 20,00% 30,00% 40,00% 50,00%

Fig. 5. Does the latest ERC (European Resuscitation Council) guidelines include the possibility of chest compressions by generating
pressure on the patient’s back? (n = 102).
Source: own study.
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Yes

1 don't know

No

0,00% 10,00% 20,00%

Fig. 6. Does the ERC (European Resuscitation Council) recommend the routine use of sodium bicarbonate during cardiac arrest and

CPR or after ROSC? (n=102)
Source: own study.

20,00%

30,00% 40,00%

Table 1. Distribution of answers by place of residence (n = 102).

Village

Domicile City: < 100,000 inhabitants

City: > 100,000 inhabitants

Chi square test of independence

Source: own study.

Abundance
% of domicile
Abundance
% of domicile
Abundance

9% of domicile

Table 2. Distribution of answers by qualifications (n = 102).

Specializations

Qualification course

Qualifications held

| am in the course of a course
/ specialization

No course or specialization

Chi square test of independence

Source: own study.

Abundance
% of qualifications
Abundance
% of qualifications
Abundance
% of qualifications

Abundance

45,90%

50,00%

Knowledge of procedures

Yes
9
60,0%
35
77,8%
40

95,2%

No
6
40,0%
10

22,2%

4,8%

x>=10,60; p = 0,005

Knowledge of procedures

Yes
22
88,0%
13
100,0%
33
94,3%
16

55,2%

No
3
12,0%
0

0,0%

5,7%
13
44,8%

¥'=21,51;p < 0,001
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DISCUSSION

Representatives of medical professions are obliged
to constantly improve their professional qualifications
by updating their knowledge and skills and the right to
professional development in various fields and types of
education. Working in the Intensive Care Unit in the
time of the COVID-19 pandemic, medical personnel
should be 100% familiar with the procedures for deal-
ing with cardiac arrest. The survey conducted with the
questionnaire showed that some of the medical per-
sonnel do not know the above-mentioned procedures.
According to the research conducted by Nowicki et
al., Nursing teams want to improve their professional
competences, gaining, inter alia, specialization, and the
motivation to raise qualifications is to improve the qual-
ity of care provided and increase job satisfaction. How-
ever, GrzeSkowiak et al. Note that the number of nurses
participating in first aid courses is still too small. This
may to some extent explain the reason for the medi-
cal staff’s lack of knowledge regarding, for example,
resuscitation. The results obtained by the authors cited
above, as well as our own, can be considered disturb-
ing, given that the 2020 Cardiopulmonary Resuscitation
Guidelines, as well as the AHA Guidelines, indicate a
relationship between the knowledge of medical per-
sonnel and the patient’s chance of survival. No studies
were found regarding the current state of knowledge of
medical personnel regarding the management of cardiac
arrest in a COVID-19 patient, therefore it is not pos-
sible to compare the original study with another. It can
be observed and hypothesized that since the deficit of
knowledge about advanced life support procedures oc-
curred in medical personnel before the COVID-19 day,
this problem worsened during the pandemic. Neverthe-
less, intensive care unit personnel seem to be better pre-
pared to perform advanced life support because of their
frequency during daily shifts [12-16].

It seems justified to adopt the rule of cyclical re-
fresher training, conducted on a mandatory basis, and
the progress of training and course participants should
be constantly assessed. The requirements of the accredi-
tation standards of the Hospital Accreditation Program
impose such training to be conducted by all employees
once a year. Increasing their frequency and introducing
regular exercises of practical skills in the therapeutic
team should be considered. Hospital management in ad-

vanced resuscitation procedures in patients of intensive
care units in the COVID-19 era in different cities and in
equal countries differs in the area of professional quali-
fications of personnel, equipment, geographical condi-
tions and broadly understood operational problems. “To
quote the founder of modern CPR, Peter Safar: Excel-
lence is not just an option, so you should always start at
the top and work your way up” [7-9, 16-20].

CONCLUSIONS

1. The vast majority of respondents — 82% are con-
vinced that they know new ALS procedures in ICU
patients in the time of the COVID-19 pandemic.

2. The knowledge of procedures was influenced by the
fact of holding qualification courses or specializa-
tion.

3. There is a relationship between the place of resi-
dence and the knowledge of procedures. People liv-
ing in large cities show a better level of knowledge
of current ALS procedures in ICU patients during
the COVID-19 pandemic than people living in the
countryside.

4. The obtained results should be considered alarming,
because they show significant gaps in the knowledge
of ALS guidelines during the COVID-19 pandemic
(the problem for the respondents was to indicate the
correct options for placing adhesive electrodes in
the patient’s prone position, only 35% of respond-
ents knew that the latest guidelines report the possi-
bility of chest compressions, generating pressure on
the patient’s back, only 46% of respondents knew
that the guidelines do not recommend the routine
use of sodium bicarbonate during cardiac arrest and
CPR or after obtaining ROSC).

5. For most of the respondents, the new ALS proce-
dures were quite a challenge (helplessness, lack
of knowledge of new guidelines and procedures
among the members of the therapeutic team, dissat-
isfaction with remuneration for work).

6. It is absolutely recommended to increase the pop-
ularization, availability and cyclical repetition
of training among medical personnel in the field
of ALS. Because most of the respondents got ac-
quainted with the new procedures for performing
ALS treatments in the time of the COVID-19 pan-
demic on their own.
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Abstract

Aim: To reveal the peculiarities of providing emergency pre-medical care to the wounded in combat conditions.
Material and methods: Research methods: analysis and generalization of scientific and educational literature, data
from the Internet; study and generalization of the experience of conducting military operations in Ukraine in 2014-
2022, the experience of the armies of the leading countries of the world and NATO in providing emergency pre-medical
care to the wounded in combat conditions.

Results: It has been found that up to 90 % of all the potentially possible causes of death on the battlefield can be
avoided thanks to the timely and high-quality provision of pre-medical care to the wounded. The main peculiarities
of providing emergency pre-medical care to the wounded during hostilities in the “red”, “yellow” and “green” zones
have been revealed. The algorithm for providing emergency pre-medical care according to NATO standards has been
presented.

Conclusions: It has been proven that high-quality tactical and medical training of personnel significantly reduces
the percentage of combat casualties, increases the combat capability of the unit and the effectiveness of the combat
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wounded

mission.

INTRODUCTION

Tactical medicine is one of the sections of combat
training of troops (forces) and has independent sig-
nificance. Training in tactical medicine is organized
and carried out with the aim of acquiring the ability
of a serviceman to save and preserve the life of a per-
son who is in an emergency, in the conditions of a
combat situation. The main task of training in tactical
medicine is to provide a serviceman with theoretical
knowledge, mastering practical techniques and skills
for providing emergency pre-medical care to the ex-
tent of self— and mutual care in case of wounding, in-
juring and lesions [1].

The analysis of the causes of the deaths of service-
men during hostilities indicates that a significant part
of them could be saved if timely and high-quality
emergency pre-medical care was provided. This num-
ber ranges from 9% to over 25% [2]. About 90% of
deaths in combat occur before the wounded reach a
medical facility. Most of them are incompatible with
life (extensive chest injury, extensive head injury,
etc.). However, some conditions, such as bleeding
from an arm or leg wound, tension pneumothorax,

and respiratory problems can be treated on the bat-
tlefield. Death on the battlefield can be reduced by 15-
18% if proper measures of self-help, mutual care and
skills of a fighter-rescuer are implemented [3].
According to the statistics [4], penetrating head
injuries make 31% of the causes of death in combat;
injuries of the trunk that cannot be treated with surgi-
cal intervention — 25%; injuries that can potentially
be treated with surgical intervention — 10%; blood
loss as a result of wounds after avulsion of extremi-
ties — 9%; non-life-threatening injuries received as
a result of the explosion — 7%; tense pneumothorax
— 5%; problems with the respiratory airways — 1 %;
death from wounds after evacuation to a medical fa-
cility mostly associated with infections and compli-
cations from shock — less than 5%. According to the
specialists [5], it is possible to avoid the mortality of
potential survivors, whose death in the vast majority
are due to exsanguination and violation of the paten-
cy of the anatomical airways and breathing, in other
words, conditions that can and should be resolved at
the scene of the injury. The scientists [6, 7] indicate
that up to 90 % of all the potentially possible causes
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of death can be avoided by simply using a tourniquet
for bleeding from the extremities, rapid treatment of
a tense pneumothorax, and creating a patency of the
anatomical airways.

THE AIM

The aim is to reveal the peculiarities of providing
emergency pre-medical care to the wounded in com-
bat conditions.

MATERIAL AND METHODS

The research was conducted at the Department of
Legal Psychology of the National Academy of Inter-
nal Affairs (Kyiv, Ukraine) in 2020-2022.

Research methods: analysis and generalization
of scientific and educational literature, data from the
Internet (13 sources on the topic of the article from
the scientometric databases PubMed, Scopus, Web of
Science Core Collection and others were analyzed);
study and generalization of the experience of con-
ducting military operations in Ukraine in 2014-2022,
the experience of the armies of the leading countries
of the world and NATO in providing emergency pre-
medical care to the wounded in combat conditions;
pedagogical observation.

The research was performed according to the re-
quirements of the Regulations on Academic Honesty
at the National Academy of Internal Affairs, which
were developed on the basis of Ukrainian and world
experience of ethical rulemaking. This document was
approved by the Academic Council of the National
Academy of Internal Affairs (Protocol No. 5 of March
27,2018 and implemented by the order of the Rector
of the Academy (Order No. 422 of March 30, 2018.
According to its provisions, the members of the sci-
entific community are guided by the rules of ethical
conduct and professional communication; respect the
principles, values, norms, rules, and conditions of ac-
ademic honesty in their activities.

RESULTS

Providing medical care on the battlefield, in the
pre-hospital phase, is very important because it is ren-
dered during the most important time when there is
still possibility to help with any combat injury. Pre-
medical care includes urgent actions and organiza-
tional measures aimed at saving and preserving the
life of a person in an emergency and minimizing the
consequences of the impact of such a condition on his
/ her health, carried out at the scene of the incident by
persons who do not have a medical education, but in
accordance with their official duties must possess the
basic practical skills for saving and preserving the life

of a person who is in an emergency, and in accordance
with the law are obliged to carry out such actions and
measures [8].

Injuries that occur in modern armed confrontations
significantly limit the time of providing pre-medical
care on the battlefield: the wounded person dies with-
in 2 minutes (localization of the wound is shoulder
area (inguinal pit) or thigh (inguinal area)) in the case
of bleeding from the main vessels of the extremities
(femoral, brachial) when the cause of death is rapid
loss of a significant amount of blood; death also oc-
curs within 2 minutes (localization of the wound is
neck area) in the case of bleeding from the vessels of
the neck (carotid artery, jugular vein) when the cause
of death is rapid loss of a significant amount of blood,
air absorption into large veins and clogging of blood
vessels; the injured may die from a few seconds to an
hour (localization of the wound is the hairy part of the
head) in the case of bleeding from the vessels of the
head when the cause of death is rapid loss of a signifi-
cant amount of blood, air absorption into large veins
and clogging of blood vessels; death can occur within
one hour in the case of external arterial bleeding from
wounds of the forearm, lower leg or trunk when the
cause of death is rapid loss of a significant amount of
blood, development of shock; the injured person dies
in the supine position within 5 minutes in the event
of obstruction of the upper respiratory airways due to
the tongue sticking out, under conditions of loss of
consciousness (head injury, shock) when the cause of
death is cardiac arrest due to insufficient oxygen sup-
ply; death occurs within 5 minutes in the case of sud-
den cardiac arrest due to a shock wave, closed chest
injury, severe stress when the cause of death is stop-
ping the activity of the heart and, as a result, stopping
oxygen transportation to the cells; death occurs within
one hour (localization of the wound is the area of the
chest) in the case of a penetrating wound of the chest
when the cause of death is exclusion of the lung from
the side of the wound from the act of breathing, loss
of a significant amount of blood [9].

Modern views on the provision of pre-medical
care have developed into the so-called “tactical medi-
cine”, which involves a clear division of the volume
of pre-medical care depending on the sector of the
battlefield. There are three stages of providing care
to the wounded in combat conditions. The first stage
is care in the “red zone” (Care under Fire). The sec-
ond stage is care in the “yellow zone” (care on the
battlefield, care in the field, care in the shelter area
(Tactical Field Care). The third stage is the provision
of care during tactical evacuation from the battlefield
to medical facilities of the “green zone” i. e. mobile
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field hospitals, military or civilian hospitals, special-
ized clinics (Tactical Evacuation).

When providing care in the “red zone”, all actions
are carried out under enemy fire, which significantly
limits care. Approaching the wounded, it is necessary
to obtain as much visual information as possible about
him and the scene of action: how the injury occurred,
what is the lying position of the wounded, what are
the visible injuries, are there any foreign objects in the
body, are there pools of blood, where is his personal
weapon, is there no danger to a rescue fighter (a gre-
nade hidden under the body with a joint pin removed,
etc.). The signs of life of the wounded person in the
effective field of fire are determined only by address-
ing him verbally: “Are you wounded? Do you need
help?”. The lack of response is interpreted as faint-
ing and the need to provide emergency pre-medical
care. The help mainly consists in applying a tourni-
quet to stop life-threatening bleeding from wounds in
the extremities and moving the victim to a safe place
as soon as possible. In combat, being a rescue fighter
is a secondary mission. The main function is to carry
out a combat mission, therefore, care in the effective
field of fire (“red zone”) is provided only by the order
of the commander. In some cases, when the tactical
situation allows, decisions are made independently. It
is not possible to remove protective equipment (hel-
met, bulletproof vest) from a wounded person, as you
thereby expose yourself to an additional risk of being
hit by enemy fire. During the performance of any ac-
tions in the effective field of fire, the wounded and
the one who rescues him are in danger, so everything
must be done as quickly as possible and in compli-
ance with the rules of personal safety (the rescuer
does not rise above the body of the wounded, who is
lying on the ground). The wounded person should be
transported (evacuate) from the effective field of fire
only if the tactical situation allows.

It is necessary to start providing medical care in the
“yellow zone” after the rescue fighter and the wound-
ed are no longer under direct enemy fire. At this stage,
there is more time to provide care. However, the battle
environment may change and you may find yourself
under fire again. In the case of providing medical care
in the “yellow zone”, medical equipment and supplies
are often limited to those brought to the battlefield
by the rescue fighter. The procedure for providing
medical care in the “yellow zone” is the following:
to examine the injured person for life-threatening
bleeding; to take the necessary measures to restore
the patency of the respiratory airways, including the
insertion of a nasopharyngeal airway (if necessary);
to debride any open chest injuries; to check the con-

dition of the hemostatic tourniquet (it is necessary to
check the bleeding if a tourniquet was applied to the
injured person in the “red” zone at the stage of provid-
ing pre-medical care); to examine the injured person
for any unattended wounds on the extremities that
may be life-threatening and debride them; to continue
debriding other injuries (applying splints to fractures,
dressing other wounds, burns, etc.); to introduce pain-
killers and antibiotics from the field pre-medical care
kit (it is necessary to use the pre-medical care kit of
the wounded, as you may need your own); to take the
necessary measures to prevent the development of a
shock state or provide care in case of shock that has
already developed; to communicate information about
the medical and sanitary situation to the unit com-
mander. If necessary, to call a military medic (sanitary
instructor) with additional equipment. It is necessary
to notify the unit commander if the wounded cannot
continue the combat mission. You have to monitor the
injured (level of consciousness and breathing). If he
is conscious, talk to him, encourage him if possible,
calm him down, explain what you are going to do.

During evacuation, care is provided until the vic-
tim arrives at a medical facility. A distinction is made
between non-medical and medical evacuation. Non-
medical evacuation of the victim consists in moving
the victim using a non-medical vehicle. During such
an evacuation, a rescue fighter can stay with the vic-
tim to help him during transportation. Medical evacu-
ation involves the evacuation of victims using special-
ized medical transport. Medical evacuation vehicles
are equipped with medical personnel to assist victims
during evacuation. Injured people must be moved
quickly to the next level of care; otherwise valuable
resources will be spent on patient support, preventing
other victims from receiving care.

In accordance with NATO standards, the special-
ists [10] have developed a basic “C. A. B. C.” algo-
rithm for working with a casualty on the battlefield.
It is the order and priority of providing emergency
medical care. C stands for critical bleeding, A — for
airways, B — for breathing, C — for circulation. Ac-
cording to NATO statistics, about 70% lost their lives
due to uncontrolled critical bleeding out of 100 % of
casualties on the battlefield. In the event of damage to
a main artery, such as a femoral artery, a fighter can
die from critical blood loss in a few minutes (he will
lose consciousness in 35-40 seconds and will not be
able to help himself), therefore the item of “Critical
bleeding” occupies the first place in the “C. A. B. C.”
algorithm. This means that the first thing to pay at-
tention to when examining a wounded person is the
presence of blood stains on clothes, wounds pulsat-
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ing with blood, etc. If the wounded person has critical
bleeding, based on the tactical situation, we use an
arresting bleeding tourniquet / binder / finger pressure
/ improvised means.

About 27% of the wounded die due to obstruction
of the upper respiratory airways and chest injuries.
Therefore, the second priority items of the “C. A. B.
C.” algorithm are: A — checking the patency of the
upper respiratory airways, B — checking the presence,
frequency and depth of breathing. We have up to 4
minutes to solve the problem of obstruction of the up-
per respiratory airways; chest injuries, for example,
pneumothorax — up to 20 minutes. The separation of
the two seemingly similar concepts (A and B are re-
sponsible for breathing) is due to anatomy i. e. before
entering the lungs, air passes through the upper res-
piratory airways, from the mouth to the beginning of
the lungs. Obstruction of the passage of the upper res-
piratory airways, for example by a fell behind tongue,
vomiting masses or fragments of jaw bones and teeth,
will lead to the impossibility of performing the act of
breathing, even if the lungs themselves are whole and
healthy.

Point C requires restoring the level of fluid (blood)
in the body, if it was lost due to critical bleeding, and
carrying out a number of manipulations to stabilize
the victim’s condition and preventing hypothermia
(lowering of body temperature). All this must be done
within 30-40 minutes from the moment of injury,
therefore item C is the fourth priority.

DISCUSSION

According to the experience of the armies of the
leading countries of the world and NATO, all ser-
vicemen are trained in tactical medicine. Training is
carried out periodically: during the period of demo-
bilization and combat cohesion of the unit and in the
intercombat period (during the restoration of combat
capability), in peacetime — at the beginning of each
period of combat training throughout the soldier’s
service life. Training in tactical medicine is a com-
ponent of the individual training of each serviceman.
Training sessions in tactical medicine should be easy
to understand, have a general character with the cov-
erage of the main theoretical principles of providing
pre-medical care (25 % of the training time), and also
involve the honing of practical skills (75 % of the
training time). Practical reinforcement of skills in tac-
tical medicine is carried out during training sessions
on other types of combat activities (weapons practice,
tactical, tactical-special, and other types of training)
as an integral element of the comprehensive training
of a serviceman [11-13].

According to the results of our research, it was
found that providing care to the wounded in the en-
gagement area (in the “red” zone) involves: sup-
pressing the enemy with fire; self-help / mutual help;
approach to the wounded with the permission of
the commander; assessment of the condition of the
wounded (5-10 s); elimination of heavy bleeding by
applying a tourniquet; evacuation of the wounded
to a safe place (in the “yellow” zone). Medical sup-
port is limited and includes the use of only an indi-
vidual first-aid kit. In the risk zone (in the “yellow”
zone): care is provided by a medic to a victim who
was evacuated from the enemy’s fire zone in a shelter
or care is provided by a medic at the place of injury
after suppressing the enemy’s fire. Available medical
supplies are limited to what’s in the medic’s bag; the
time to evacuation is different (depending on the situ-
ation and the severity of the injury). Tactical care in
the “green” zone is provided during evacuation, for
example, while waiting for medical transport, in med-
ical transport before hospitalization. Additional medi-
cal supplies and personnel may be provided that have
been pre-arranged. Herewith, the priorities on the bat-
tlefield are: 1) fulfillment of the assigned task; 2) per-
sonal safety; 3) help to the wounded. It is important to
remember that an attempt to provide emergency pre-
medical care at the wrong moment of the battle can
result in new casualties.

CONCLUSIONS

The main causes of death on the battlefield were
revealed. It was found that up to 90% of all the poten-
tially possible causes of death on the battlefield can be
avoided thanks to the timely and high-quality provision
of pre-medical care to the wounded. It was found that
about 15-27 % of the wounded who die before reach-
ing a medical facility can be saved if the necessary
measures are taken: to stop the bleeding, to reduce the
consequences of pneumothorax, to restore the patency
of the respiratory airways. The main peculiarities of
providing emergency pre-medical care to the wounded
during hostilities in the “red”, “yellow” and “green”
zones were revealed. It was proven that high-quality
tactical and medical training of personnel significantly
reduces the percentage of combat losses, increases the
efficiency and combat capability of the unit.

PROSPECTS FOR FURTHER RESEARCH

We intend to study and generalize the experience
of combat operations regarding methods of emergen-
cy evacuation of the wounded from the battlefield, as
well as measures to provide them with further medi-
cal and psychological aid.
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Abstract Key words

Aim: Aggressive behaviours at work are one of the many problems encountered by Emergency Response Team para- occupational exposure,

medics. Aggression towards them may inhibit proper conduct, intensify anxiety and disease symptoms. Problems paramedic,
stemming from occupational exposure to aggression are not well-recognised phenomena. The aim of the research patient,

was the evaluation of occupational exposure to aggression from patients among paramedics employed in Emergency work safety,
Response Teams in the Mazovian voivodship. aggressive behaviour

Material and methods: The study took place between May and September 2019 using diagnostic survey meth-
odology among 238 (223 male and 15 female) paramedics in mobile emergency response teams in the Masovian
voivodship. The mean age was 39,03+9,27 years for males, and 31,93+7,76 years for females. The research tool was
a questionnaire, developed for the purpose of the present study. The significance level was a = 0.05. The statistical
analysis was carried out with the STATISTICA ver 13.1 PL software.

Results: 55.46% of the participants said that a patient’s aggressive conduct is a problem in everyday work. Partici-
pants come in frequent contact with verbal (62.61%) and physical (49.17%) aggression from patients.

Condlusions: Aggressive behaviours towards paramedics employed in Emergency Response Teams is a significant
problem not only in professional work, but also for public health. In order to minimise the incidence of aggression
toward paramedics, cooperation between every party responsible for the proper functioning of the Emergency Medi-

cal Service System is necessary.

INTRODUCTION

There are many public professions inherently
related to a continuous risk of exposure to negative
health consequences caused by the work environ-
ment. One such job is the work of a paramedic in an
Emergency Response Team (ERT). The main duty of
ERTs is providing medical services by coming to help
people in stressful, unpredictable, or situations of po-
tential instability as part of the Emergency Medical
Service System (EMSS). The work of ERT paramed-
ics is inevitably related to the exposure to negative
psychosocial factors, which include the occurrence
of aggression among others [1].

In the general sense, the work of a paramedic
consists of saving people’s lives and health through
medical rescue procedures which stabilise basic bod-
ily functions and prepare the patient for transport in
case of sudden health or life-threatening emergency.
A paramedic carries out lifesaving procedures in am-

bulances and helicopters, emergency stations, emer-
gency wards, and other healthcare establishments [2].

The possibility of adverse health effects related
to exposure to environmental factors occurring is not
widespread or exposed in the process of work or-
ganisation. Work conditions and work environment
factors have a definite effect on the health condition
of employees. It is for that reason that understand-
ing psychosocial work conditions, including the phe-
nomenon of aggression towards ERT paramedics, is
so significant. The above is not only relevant due to
the statutory obligation of the employer to employ
necessary prophylactic measures decreasing occupa-
tional risk, but also as a way to execute the concept
of worker health aimed at limiting adverse health ef-
fects in the work process [3].

The aggression faced by ERT paramedics most
often manifests in a verbal, but also physical form.
The intensity and severity of the aggression may
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end up in a dispute, as well as a paramedic being
beaten. The consequences of aggression are various
types of physical and mental injuries, which many a
time cause the paramedic to be temporarily unable
to work, result in the worsening of the overall health
condition, hinder functioning and limit proper EMSS
conduct [4].

The International Labour Organization (ILO)
recognised the medical environment to be the oc-
cupational group second most at risk of violence at
work. ILO believes that every situation that involves
an employee being insulted, threatened or attacked
in work-related circumstances and that is a direct or
indirect threat to their safety, wellbeing and health
can be characterised as violence [5]. Similarly, the
European Commission is of the opinion that aggres-
sion in the workplace can be defined as every situa-
tion wherein an employee is insulted, threatened or
attacked in work-related circumstances, and it is a
direct and direct threat to their safety, wellbeing and
health [6, 7].

According to health economics, the betterment of
psychosocial work conditions, including preventing
the phenomenon of aggression, should be executed
and treated as a measure preventing adverse health
consequences on par with physical, chemical or bio-
logical factors present in the work environment of
this professional group [3].

THE AIM

The aim of the study was the evaluation of the
risk of occupational exposure to aggression from pa-
tients among paramedics employed in Emergency
Response Teams in the Mazovian voivodship.

Table 1. Participant age in years between genders.

Gender n M
Male 223 39.03
Female 15 31.93

*Mann-Whitney U Test, p<a, a=0.05

Table 2. Years of participant work experience between genders.

Gender n M
Male 223 12.62 9.41
Female 15 5.36

*Mann-Whitney U Test, p<a, a=0.05

9.27
7.76

7.04

MATERIAL AND METHODS

According to the Statistics Poland data for 2019,
there were 1577 (100%) mobile emergency response
teams (ERT) functioning for the National Emergency
Medical Service System in Poland, (369 specialized
and 1208 basic level). In the same time frame in the
Masovian voivodship, there were 200 functioning
mobile ERTs, which constituted 12.7% of all teams
(46 specialized and 154 basic) [8].

The study was carried out among occupationally
active paramedics in ERTs from five operational re-
gions in the Mazovian voivodship, located in War-
saw, Plock, Ostroleka, Siedlce, and Radom in the pe-
riod between May and September 2019.

The sample selection was deliberate, as the Mazo-
vian voivodship has the highest number of functioning
mobile ERTs on a national scale. The research was car-
ried out in accordance with rules outlined in the Hel-
sinki Declaration, being anonymous and voluntary.
Every participant granted informed consent and was
given information about the aims of the study and their
right to withdraw participation at any stage.

The research method used to gather necessary
data to analyse the research material was a diagnostic
survey and a questionnaire technique. The tool was a
self-constructed questionnaire which was developed
for the purpose of the present study. The independent
variable was participant gender. The qualitative vari-
ables included distribution (n) and frequency (%). To
verify the independence of the nominal (qualitative)
variables, a y? test was conducted. For the quantitative
continuous variables (age and years of work), basic
statistical parameters regarding the central tendency
(mean M) as well as the spread (standard deviation

Min Max p-value
23.00 65.00

0.003*
23.00 50.00
Min Max p-value
0.50 41.00

0.000%
0.50 28.00
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Table 3. Level of education between genders.

. Secondary/Further
0
Level of Education n(%) Secondary Education
Male 223 (100.00) 48(21.52)
Female 15(100.00) 1(6.67)

* 2 Test, p>a;, 0=0.05

Professional Higher

Education Master's Higher Education p-value
132(59.19) 43(19.28)
0.109*
8(53.33) 6(40.00)

Table 4. Subjective opinion of participants regarding the occurrence of aggressive conduct among patients towards the participating

paramedics.
Occurrence of aggressive conduct Overall
among patients - 100,00
Yes 132 55.46
No 68 2875
No opinion 38 15.96

¥=1.276095, df=2, p=0.528; p>a, a=0.05

Table 5. Subjective opinion of participants about their feeling safe at work.

Overall
Feeling safe at work
238 100.00
Yes 157 65.96
No 49 20.59
No opinion 32 13.44

Y'=2.591013, df=2, p=0.274; p>a, a=0.05

Table 6. Participant opinion on the frequency of verbal aggression from patients at work.

Overall
Frequency of verbal aggression from patients
238 100.00
Everyday 53 22.27
Quite frequent 149 62.61
Sometimes 28 11.76
Rarely 8 3.36

Male Female
223 100.00 15 100.00
123 55.16 9 60.00
63 28.25 5 3333
37 16.59 1 6.67
Male Female
223 100.00 15 100.00
146 65.47 n 7333
48 21.52 1 6.67
29 13.01 3 20.00
Male Female
223 100.00 15 100.00
52 2332 1 6.67
141 63.33 8 53.33
23 10.31 5 3333
7 3.14 1 6.67

Y’=7.379821, df=3, p=0.067; p>a, a=0.05

SD, minimum and maximum). Shapiro-Wilk test was
carried out to assess whether data was normally dis-
tributed, and the differences in the distributions of
these variables between the grouping variable were
examined by the non-parametric Mann-Whitney U
test. Normality of distribution for quantitative vari-
ables was verified (checked, made) using the Shap-
iro-Wilk test. Due to the lack of fulfilled assumptions
about the use of a parametric test, statistical analysis

was performed using a non-parametric test (which
is indicated in the lack of normality of the analyzed
quantitative variables). For qualitative variables qual-
itative variables, statistical analysis was performed
using the > non-parametric test, which is indicated
for this type of variables. The study set a significance
level at the threshold of o = 0,05. The statistical anal-
ysis was carried out with the STATISTICA ver 13.1
PL software.

157



158

Agnieszka Gonczaryk et al.

Table 7. Participant opinion on the forms of verbal aggression.

Overall
Forms of verbal aggression from patients

238 100.00
Yelling 217 91.18
Accusations 123 51.68
Malice 73 30.67
Humiliation 69 28.99
Profanities 194 81.51
Threats 159 66.81
Insults 147 64.29
Blackmail 85 38.66
Mockery 48 2227

Data do not add up to 100%, because participants could choose more than 1 answer.

Table 8. Frequency of physical aggression from patients.

Overall
Frequency of physical aggression from patients
238 100.00
Everyday 26 10.92
Quite frequent 17 49.17
Sometimes 78 32.77
Rarely 17 7.14

Male Female
p-value
223 100.00 15 100.00
203 91.03 14 93.33 0.752,p>a
116 52.02 7 46.67 0.688, p>a
68 30.49 5 33.33 0.819, p>a
65 29.15 4 26.67 0.836, p>a
182 81.61 12 80.00 0.877,p>a
150 67.26 9 60.00 0.568, p>a
14 65.92 6 40.00 0.043, p<a
78 38.12 7 46.67 0.511, p>a
43 21.52 5 3333 0.309, p>a
Male Female

223 100,00 15 100,00

25 n2 1 6.67

116 52.02 1 6.67

73 32.74 5 3333

9 4.04 8 53.33

Y=31.31445, df=3, p=0.000; p<a, a=0.05

RESULTS

A vast majority of the participants were male
(93.69%). Among the participants, 58.82% reported
higher education, 25% reported secondary or further
secondary education, and the same percentage re-
ported having received a master’s degree.

The final analysis included 238 participants, 223
male and 15 female. The mean age of the participants
was 39.03£9.27 years for males, and 31.93+7.76
years for females (Table 1).

The mean work experience of the participating
paramedics showed significant gender differences
(p=0.000). It was 12.62+9.41 years for males, and
5.36+7.04 years for females. In both groups, the
shortest work experience was approximately half a
year (Table 2). Participants had further secondary
education, or professional/master’s degree in higher
education (Table 3).

According to 55.46% (n=132) of the participants,
a patient’s aggressive conduct is a problem in ERT
work. There was no statistically significant relation-
ship between the occurrence of aggressive conduct
in patients towards participating paramedics and the
gender of the latter (p=0.528) (Table 4).

A vast majority of the participants 65.96% (n=157)
have a sense of safety at work despite the occurrence of
aggressive behaviours in patients. However, it is wor-
rying that in every fifth participant’s subjective opin-
ion, they do not feel safe in their workplace. This issue
may have a negative effect on the professional activity
of participants, and this phenomenon is not significant-
ly related to their gender (p=0.274) (Table 5).

62.61% (n=149) ERT paramedics come in contact
with verbally aggressive behaviour quite frequently.
This issue is majorly an everyday concern for male
participants, meanwhile every third woman is some-
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times an object of such conduct from patients. The
frequency of the occurrence of the aforementioned
phenomenon is not significantly related to the gender
of the participants (p=0.067) (Table 6).

Participating ERT paramedics most frequently
pointed to the following forms of verbal aggression
from patients: yelling 91.18% (n = 217), profanities
81.51% (n = 194) and threats 66.81% (n = 159). In
their professional work, participants most rarely en-
countered patients who exhibited aggression in the
following manner: mockery 22.27% (n = 48), humili-
ation 28.99% (n=69) or malice 30.67% (n=73). The
only statistically significant relationship with gender
found in this point of discussion was for insulting
ERT members, a negative behaviour men come into
contact with more than women (p=0.043) (Table 7).

Participating ERT members experience physical
aggression from patients, however men are more
often exposed to this form of aggression (p=0.000).
Almost half of the participants 49.17% (n = 117)
stated that they come in contact with this kind of
behaviour quite frequently, every third — sometimes.
One in ten participants is exposed to this kind of ag-
gression every day (Table 8).

DISCUSSION

The present study was carried out in order to
analyse the phenomenon of aggression in the work-
place towards Emergency Response Team paramed-
ics in the Mazovian voivodship in Poland.

The present study broadens the hitherto knowl-
edge regarding the issue of aggression towards
medical personnel, especially in the context of par-
amedics, which has not been the subject of many
prior studies [7, 9-11].

It is estimated that physical violence was suf-
fered by ERT paramedics at least once in their life
ranges from 23% to 90%, while 21% to 88% of par-
amedics have suffered verbal violence at least once
in their life [12].

The present research has shown that aggression
occurs in a constant manner in the work of ERT
paramedics, therefore it should be continuously
monitored. What is more, necessary prophylactic
measures should be undertaken by healthcare sys-
tem organizing parties, which would diminish its
risk of occurrence.

The obtained results of the present study relat-
ing to aggressive behaviours towards paramedics
are consistent with research published by other au-
thors. According to Frydrysiak et al.’s study, which
involved 128 participating ERT members, a vast
majority of the participants encountered aggressive

behaviour from patients — 83.30%. ERT members
most often encountered verbal aggression (76.6%),
while the prevailing form of physical aggression
was being pushed away (56.2%) [7]. Meanwhile, in
Mikos et al.’s research involving a group of 48 para-
medics, as many as 96% of them declared that dur-
ing the previous year they encountered aggression
directed at them while working for the EMSS, with
88% of the participants experiencing verbal aggres-
sion, while 68% of the participants confirmed that
they were the direct object of attack from patients
or accompanying persons [10]. A study into cases
of threats and violence in the Swedish emergency
medical service, including 134 participating nurs-
es and paramedics from 11 EMS stations located
in four districts showed that 66% of the employ-
ees experienced threats and/or violence while at
work, while 26% and 16% experienced threats and
violence respectively in the previous year. In most
cases, the perpetrator was the patient themselves
[11]. Research carried out in Kerman, Iran regard-
ing 200 EMS showed that the most frequent forms
of violence in the workplace were verbal (47%)
and physical (32.5%) aggression [13]. Meanwhile,
a 2018 study involving a group of 137 employees
of emergency medical service centres in Hamadan,
Iran, postulated that 72.2% and 22.6% of the par-
ticipants came in contact with mental and physical
abuse respectively, while carrying out medical pro-
cedures [14].

The results of the present study which showed
that 62.61% of the participants come in quite fre-
quent contact with verbally aggressive behaviour
from patients, while almost half (49.17%) encoun-
ter physical aggression, are closest to the results ob-
tained by Gormley et al., whose study showed that
verbal abuse (67%) was more frequent than physi-
cal abuse (43.6%) among paramedics [15].

It can be concluded from the present study that
in the opinion of the participants, the most prevalent
forms of verbal aggression from patients includ-
ed yelling (91.18%), profanities 81.51%, threats
66.81% and insults 64.29%. Similarly, research
conducted by Frydrysiak et al. found that 76.6%
of ERT members encountered verbal aggression.
Among the forms of verbal aggression, the most
prevalent kind indicated was the use of profanities,
meanwhile other forms such as verbal threats, and a
high and pretentious tone of voice had a comparable
incidence percentage [7]. In another study, it was
found that 46.6% of paramedics are of the opinion
that they were victims of verbal abuse instances in
the previous year [16].
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Verbal abuse and physical assault were the forms
of violence most often reported by paramedics [17-
20 ], which is in line with the results obtained in the
present study.

As the present study showed, despite the in-
cidence of aggressive behaviour from patients,
65.96% of the participants felt safe in the work-
place, which is consistent with Frydrysiak et al.’s
research, which found that 53.6% of the respond-
ents experience a feeling of safety at work [7].

The occupational risk of aggressive behaviours
that paramedics experience while carrying out their
professional duties is a global phenomenon and is
multidimensional in nature, comprising of many
factors. As shown in various research, the incidence
of aggressive behaviours towards paramedics may
be different depending on the country, or even city,
due to cultural differences, the specificity of health-
care facilities, the distinct professional nature of the
work of medical personnel and behavioural traits of
the medical personnel.

CONCLUSIONS

Aggression towards ERT paramedics is a serious
public health issue and a highly widespread one at
that. This state of things may have a tangible effect
on ERT paramedics, especially on their wellbeing,
and may lead to a lower motivation to work.

Ensuring the safety of ERT paramedics as they
carry out medical aid is undoubtedly one of the fun-
daments of proper EMS functioning, therefore it
seems necessary to undertake measures aiming at en-
suring safety in practice, rather than solely declaring
to do so in legal regulations.

It seems valid and deliberate to formulate and im-
plement a “zero tolerance policy for ERT paramed-
ics” by EMS goal performers, as well as set in place
a mechanism to report such instances, and offer psy-
chological and legal help to its victims.

A constant element of prophylactic procedures for
ERT paramedics should be courses in deescalating
the phenomenon of aggression, and the ability to ef-
fectively communicate and resolve conflicts.
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Abstract Key words
Aim: To develop a complex treatment for patients with decompensated cirrhosis in case of bleeding from the varicose treatment,
veins of the esophagus. liver cirrhosis,
Material and methods: With bleeding from varicose veins of the esophagus for the period 2015-2020. in the clinic bleeding,

of the Transcarpathian Regional Clinical Hospital. A. Novak examined and treated 64 patients with C-class liver cirrhosis  varicose veins dilated esophagus
according to the Child-Turcotte-Pugh criteria.

Results: In 17 patients they used extracorporeal ultrafiltration of ascitic fluid with it's subsequent intravenous reinfu-
sion. In the subgroup of 39 patients with effective sclerotherapy the mortality rate was 23.1%. In the subgroup of 25
patients where the ES was ineffective and the Blackmore tube was applied, the mortality rate was 32%. Among the 20
patients after laparocentesis with ascitic fluid evacuation 8 (40%) died. In the 17 patients after extracorporeal ultrafil-
tration of ascitic fluid with its subsequent intravenous reinfusion 2 (11.8%). In the subgroup where albumin peritoneal
dialysis was applied 7 patients died (25.9%).

Conclusions: The prognostic factors for the lethal outcome of bleeding from varicose veins of the esophagus in pa-
tients with decompensated liver cirrhosis are: the ineffectiveness of endoscopic sclerotherapy as a means of primary
hemostasis, bleeding recurrence in the first 5 days. The use of staged treatment using extracorporeal methods can

significantly improve the results of treatment, reduce mortality.

INTRODUCTION

Complications of portal hypertension in liver cir-
rhosis (LC), which lead to death, are bleeding from var-
icose veins, ascites and hepatic encephalopathy [3, 4].

Ascites is detected in 50-85% of patients with
liver cirrhosis; it is an unfavorable prognostic sign
of the course of liver cirrhosis [1]. The occurrence
of ascites indicates circulatory decompensation in the
portal vein system and intra-abdominal hypertension
(IAH) [2, 5].

Pathophysiological changes in IAH depend on the
elastic properties of the anterior abdominal wall and
the volume of the abdominal cavity. The dependence
of IAH on the volume of abdominal contents is non-
linear. Stretching of the abdominal wall decreases
with an increase in the contents of the abdominal cav-
ity, and intra-abdominal pressure increases dispro-
portionately sharply in response to the same increase
in volume [6, 8].

An increase in abdominal pressure slows bleeding
through the inferior vena cava and reduces venous
“return”. In addition, high intra-abdominal pressure
pushes the diaphragm upward and increases the mean
intrathoracic pressure transmitted to the heart and
blood vessels. Elevated IAP (intra-abdominal pres-
sure) reduces the pressure gradient on the myocar-
dium and decreases stroke volume. Cardiac output
(CO) is reduced despite compensatory tachycardia.
The total peripheral vascular resistance increases
with increasing intra-abdominal pressure [2, 7, 9].

The functional residual capacity and other lung vol-
umes decrease, the alveoli adjacent to the diaphragm
swell, leading to atelectasis. Ventilation-perfusion ra-
tios worsen, pulmonary bypass increases [2, 4, 10].

Intra-abdominal hypertension reduces renal bleed-
ing and glomerular filtration rate [12, 13, 15, 16].

Intra-abdominal pressure (IAP) 15 cm. and more,
reduces volumetric bleeding in all organs of the ab-
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domen and retroperitoneal space except for the ad-
renal glands [2, 8, 14]. The decrease in organ blood
flow is not proportional to the decrease in cardiac
output and occurs earlier [11]. The blood circulation
in the abdominal cavity begins to depend on the dif-
ference between the mean arterial pressure and [AP.
This difference is called the perfusion pressure of the
abdominal cavity and as is believed, it is its value that
determines the ischemia of the internal organs [2].

Acute intra-abdominal hypertension contributes
to an increase in intracranial pressure. Mechanisms of
violation of the outflow of blood through the jugular
veins are possible due to increased intrathoracic pres-
sure and the effect of [AH on the cerebrospinal fluid
due to epidural venous plexuses. Perfusion pressure
of the brain decreases or does not change, it depends
on the value of the mean blood pressure. IAP in pa-
tients with central nervous system (CNS) lesions is
highly undesirable. It can lead to brain hypoxia even
with latent and mild neurological symptoms, which
occur in almost all patients with cirrhosis, and espe-
cially in hepatic encephalopathy [2, 15].

Therefore, the doctor is faced with a difficult task,
against the background of bleeding from the vari-
cose veins of the esophagus in liver cirrhosis, it is
necessary to simultaneously treat the compartment
syndrome, manifestations of encephalopathy, im-
prove splanchnic circulation, central hemodynamics,
hepato-renal insufficiency with correction of protein,
electrolyte metabolism. Stopping bleeding in the pro-
vision of urgent care is a priority, and the sequence of
correction of the listed complications of decompen-
sated cirrhosis of the liver requires further study.

THE AIM

To develop a complex treatment for patients with
decompensated cirrhosis in case of bleeding from the
varicose veins of the esophagus.

MATERIAL AND METHODS

With bleeding from varicose veins of the esoph-
agus for the period 2015-2020. in the clinic of the
Transcarpathian Regional Clinical Hospital. A. No-
vak examined and treated 64 patients with C-class
liver cirrhosis according to the Child-Turcotte-Pugh
criteria.

The study included patients consecutively hospi-
talized with bleeding from varicose veins of the es-
ophagus and stomach, which developed on the basis
of intrahepatic portal hypertension caused by liver
cirrhosis. The examined patients ranged in age from
28 to 65 years, with a mean age of 42.1+£6.8 years.
There were 67.2% of men and 32.7% of women.

The group was homogeneous in severity of liver
cirrhosis, the influence of sex and age on the results
of liver cirrhosis treatment was not taken into ac-
count. The presence of comorbidities and changes
in other systems, history of bleeding episodes, and
medication were evaluated equally. All patients re-
ceived a single standardized conservative treatment.
The effect of conservative therapy was not taken into
account.

The obtained data were processed by the method
of variation statistics taking into account the value of
arithmetic mean and mean error (M+m), estimating
the reliability of values by Student’s t-test, as well
as determining the correlation coefficient using the
Pearson pair method.

The presence of liver cirrhosis was confirmed by
clinical, laboratory and ultrasonographic criteria.

The etiological factor of liver cirrhosis, regardless
of the possibility of its installation, was not taken into
account, since the survival prognosis of patients who
had bleeding from the esophageal or gastric varices,
according to the available data from prospective ran-
domized trials, is due to bleeding and does not cor-
relate with the etiology of cirrhosis.

Only 39 (61%) patients managed to achieve pri-
mary stop of bleeding using a complex of conserva-
tive therapy and endoscopic sclerotherapy (ES). In 25
(39%) patients, due to the ineffectiveness of repeated
ES, we used the Blakemore-Sengstaken probe.

Of 39 patients, bleeding resumed in 11 (28.2%)
within 5 days. In 7 of them, hemostasis was achieved
by repeated use of endoscopic sclerotherapy, in 4 of
them the Blakemore probe was used. After stopping
the bleeding, 9 patients died from the progression of
multiple organ failure.

Of the 25 patients in whom the Blakemore probe
was used for the purpose of primary hemostasis,
bleeding from the varicose veins of the esophagus re-
sumed in 20 (80%) within 5 days. In 6 out of 20, ES
was effective, and in 14, the Blakemore probe was
re-inserted. Of the 14 patients, the Blakemore probe
was effective only in 4; in the remaining 10 patients,
due to continued bleeding, we were forced to perform
a laparotomic surgical intervention. In order to stop
bleeding, a modified operation of proximal devascu-
larization of the stomach and abdominal esophagus
was used with preservation of the vagus nerves. In
2 patients, a splenectomy was also performed for
more adequate access to the abdominal part of the es-
ophagus. Eight patients died after laparotomy. Three
more patients died after stopping bleeding with a
Blakemore probe without surgery. A total of 11 pa-
tients died.
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Of the 64 patients, 37 (57.8%) were diagnosed
with grade III encephalopathy according to West-
Haven criteria, and 27 with grade IV.

In total, ascites was transient in 3 (4.7%) patients,
and refractory in 61 (95.3%) patients.

Measurements of [AP in patients with C-class
liver cirrhosis showed that the latter fluctuated be-
tween 16-25 mmHg. At III Art. encephalopathy in 11
patients, IAP was 12-15 mmHg, in 17-16-20 mmHg.
and in 9-21-25 mmHg. With IV degree of IAP en-
cephalopathy, I degree was observed only in one, II
degree in 8, and III degree in 18 patients.

When assessing the distribution of IAP values
among patients with various degrees of hepatic en-
cephalopathy (HE) according to the y? criterion, it
was found that the differences in the distribution of
IAP between the group with III stage. HE and a group
with IV Art. statistically significant (y* = 13.333, at
y’emp = 5.993 p <0.05). Thus, IAH can be consid-
ered a significant factor causing a high degree of HE.

Therefore, the elimination of intra-abdominal hy-
pertension in patients with refractory ascites is an in-
tegral part of the treatment of hepatic encephalopathy.

Bleeding and encephalopathy sharply limited the
time frame for the conservative treatment of ascites in
compliance with all standards, therefore, minimally
invasive interventions aimed at its elimination came
to the fore — laparocentesis with evacuation of ascitic

fluid or extracorporeal ultrafiltration of ascitic fluid

with its subsequent intravenous reinfusion (EUAIR).

We used both methods of treatment in 37 patients
with grade III hepatic encephalopathy, despite the
fact that in 3 of them ascites was transient, that is, it
tended to decrease under the influence of conserva-
tive therapy.

Before the start of the procedure, ascitic fluid was
taken from patients after puncture with a syringe to
perform the following studies:

o protein level in ascitic fluid — at a low level (less
than 5 g/), only laparocentesis was performed
with evacuation of ascitic fluid; EUAIR was not
performed due to minor protein losses in ascites,
which were compensated by the introduction of
amino acid and plasma solutions;

o the number of leukocytes in the ascitic fluid — in
the presence of leukocytes >250 x109 /1 EUAIR
was not performed;

o the presence of atypical cells in the ascitic fluid —
in the presence of atypical cells, EUAIR was not
performed.

In 20 patients, against the background of a com-
plex of conservative treatment, we performed lapa-
rocentesis with evacuation of ascitic fluid. In 17 pa-
tients, extracorporeal ultrafiltration of ascitic fluid
was used with its subsequent intravenous reinfusion
to eliminate ascites and [AH (Table 1).

Table 1. The number of procedures performed in patients with decompensated cirrhosis depends on the degree of encephalopathy

and the magnitude of IAP.

The degree of encephalopathy and the level of IAP

IAH decompensation methods ]} v
12-15 16-20 21-25 12-15 16-20 21-25
Laparocentesis - N 9 -
EUAIR n 6 -
APD - - 1 8 18
Footnote: There were no statistically significant differences detected (p>0.05).
Table 2. Dynamics of some parameters of blood serum of patients before and after EUAIR.
Days of treatment
Parameter Before treatment 3 5
Total bilirubin [pmol/I] 94.38+35.88 89.9+35.60 80.46+33.7 65.38+29.0
Creatinine [umol/I] 99.4+19.6 89.6+18.70 78.3+18.3 67.19+19.4
Urea [mmol/I] 7.4+4.6 5.314+1.50 5.014+1.0 4.9+1.07
Prothrombin index [%] 39.6+3.3 40.24+2.4 39.5+2.7 39.242.6
ALT [mmol/h x 1] 3.92+1.07 3.114+0.68 2.94+0.85 1.66+0.37
AST [mmol/h x| 4.4+1.15 4.3+0.55 2.71+1.07 2.08+0.71

Footnote: There were no statistically significant differences detected (p>0.05).
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Before performing laparocentesis or EUAIR un-
der ultrasonographic (USG) control in the lower ab-
dominal cavity, the site of the subsequent puncture of
the abdominal cavity and placement of the catheter
was indicated.

Laparocentesis was performed according to the
standard technique. A tube was inserted into the ab-
dominal cavity, through which the maximum possi-
ble amount of fluid was simultaneously evacuated.
During evacuation, hemodynamic parameters were
monitored. In order to prevent the development of as-
cites-peritonitis, antibiotics were prescribed. Dextran
solutions and, in most cases, fresh frozen plasma were
administered intravenously to increase plasma oncot-
ic pressure and prevent rapid recurrence of ascites.

container E, i f *'E'gl sorbent
-

3

: |\I
capacity
for ultrafiltrate

dialyzer

Fig. 1. Scheme of extracorporeal
ultrafiltration of ascitic
fluid with its subsequent
reinfusion.

albumin-containing
conentrate

dialysis circuit of the device

‘artifial kidney Fig. 2. Scheme of albumin peri-

toneal dialysis.

For EUAIR under aseptic conditions, a multiper-
forated drainage catheter was inserted into the lower
abdominal cavity through a pre-designated place on
the anterior abdominal wall, which was connected
to the circuit through a set of dialysis lines: a roller
pump of the “artificial kidney” apparatus to account
for the volume of evacuated ascitic fluid, a flask with
a hemosorbent, a dialyzer, in which negative pressure
was created using a second roller pump (Fig. 1).

Ascitic fluid after sorption and removal of excess
water was collected in pre-prepared sterile vials. In
one session, they tried to evacuate the maximum
amount of ascitic fluid, from which, after ultrafiltra-
tion, 2-3 liters of concentrate were obtained — in fact,
a solution of one’s own albumin.
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During ultrafiltration with sorption, intravenous
drip reinfusion of purified ascitic fluid was carried
out in an amount of about 1000 ml in order to main-
tain oncotic pressure, the remainder of the fluid was
frozen in a freezer and then administered to patients
after defrosting for the next 2-3 days.

In order to assess the effect of EUAIR on liver
function, we assessed the dynamics of some labora-
tory parameters before and after treatment (Table 2).

In 27 patients with grade IV hepatic encephalopa-
thy, the treatment of choice was albumin peritoneal
dialysis (APD). APD is a technique for the treat-
ment of acute and chronic liver failure, developed in
the surgical clinic of Uzhgorod National University
(Fig. 2). The key point of this technology is the trans-
fer through the peritoneum, as a highly permeable
dialysis membrane, of toxins that have an affinity
for albumin, from the blood to the acceptor. The ac-
ceptor is donor human albumin, which circulates in
a closed circuit. Water-soluble low molecular weight
substances are released along a concentration gradi-
ent, as in dialysis.

In most clinical cases where the cause of liver
failure was cirrhosis, the patient’s own ascitic fluid
mixed with albumin was used to fill the dialysis cir-
cuit. This technological detail was of great impor-
tance, since it provides for the use of the body’s own
biological environment and, in part, the albumin of
the patient himself is used.

In order to assess the effect of APD on liver func-
tion, we assessed the dynamics of some laboratory
parameters before and after treatment (Table 3).

It should be noted that the imposition of hydroalbu-
min perithenium can dramatically worsen the function
of external respiration and the development of IAP.
That is why before the APD procedure it is necessary
to evacuate the ascitic fluid up to 6 liters and only after
that the APD session is performed. Depending on the
physical method and correction of the ascites value,
the average characteristics of IAH changed. IAH de-

creased by 60—65% during laparocentesis, by 21-27%
during EUAIR, and by 12-18% during APD.

RESULTS

In total, 17 patients died in the group during the
observation period up to 5 days. The overall mortal-
ity was 26.6%. In the subgroup of 39 patients where
ES was effective, mortality was 23.1%, in the sub-
group where ES was ineffective and the Blakemore
probe was used, it was 44%. In the group of operated
patients, the lethality was 80%.

Of the 20 patients who underwent laparocentesis
with ascitic fluid evacuation, 8 patients died. Mortal-
ity in the subgroup was 40%. Of the 17 patients who
were treated with EUAIR, 2 died, the mortality rate
in the subgroup was 11.8%. In the APD subgroup, 7
out of 27 patients died, accounting for 25.9%.

According to the Fisher criterion, we analyzed
the difference in the recurrence rate of bleeding in
patients in the subgroup where ES was effective in
terms of primary hemostasis, and in the subgroup
where they were forced to use the Blakemore probe
—in the subgroup with ES ineffectiveness, the rate of
rebleeding was significantly (¢*2 at ¢* 0.05=1.64)
differed from that in the subgroup with effective ES
and was 2.8 times higher.

Mortality in the subgroup of patients with effective
ES significantly (p*emp = 1.749, at 9*0.05=1.64) dif-
fered from that in the subgroup using the Blakemore
probe and was 1.9 times less.

Mortality in the subgroup of patients treated
with EUAIR significantly (¢*emp=2.025, with
¢*0.05=1.64) differed from that in the subgroup using
conventional laparocentesis and was 3.4 times less.

Mortality in the subgroup of patients treated with
EUAIR was 2.2 times higher than in the subgroup with
APD, but this difference was not significant. Mortality
in the subgroup with APD and the subgroup with sim-
ple laparocentesis also differed insignificantly, in the
subgroup with APD it was 1.5 times lower.

Table 3. Dynamics of some parameters of blood serum of patients before and after APD.

Days of treatment
Parameter Before treatment
1 3 5
Total bilirubin [umol/I] 218.25+223.5 202.13+206.9 156.37+164.3* 133.25+143.1*
Creatinine [umol/I] 214.54+162.13 202.88+124.3% 169.5+72.8% 133.13+48.15
Urea [mmol/I] 18.38+1.63 16.63+1.5% 10.38+1.03 8.13+0.9
Prothrombin index [%] 38.9+1.4 37.9+1.4 38.5+1.4 39.242.6
ALT [mmol/hx1] 4.25+0.48 4.11£0.17 2.89+0.55 2.3140.5%
AST [mmol/h x| 6.6+1.52 5.77£1.12 4.74+0.93 3.13+0.54*

* — significant difference in t-test at p <0.05 from baseline before treatment
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Fig. 3. Drug and extracorporeal methods of treatment of decompensated cirrhosis complicated by bleeding from the
esophageal varicose veins depending on the degree of HE and IAH.

Analyzing the obtained results, it should be noted
that the use of the EUAIR method has a positive effect
not only on intra-abdominal pressure, as expected,
but also on other factors of hepatic decompensation
that we have not established, significantly reducing
mortality in such a severe contingent of patients.

Attention is drawn to the high detoxification abil-
ity of the APD method, which manifests itself in a
decrease in the concentration of so-called markers of
intoxication — low and medium insoluble compounds
— aspartateaminotransferase (AST), alaninami-
notransferase (ALT), creatinine, as well as water-
soluble compounds — urea and ammonia.

Considering that APD was applied to patients with
profound encephalopathy, that is, those who were
clinically much more severe than other subgroups,
the absence of significant differences in mortality
rates indicates an extremely positive effect — mortal-
ity rates in patients with HE IV using this method
succeeded. approximate to those of HE II (to which
laparocentesis was applied).

When evaluating the distribution of IAP values
among patients with different degrees of hepatic
encephalopathy according to the y? criterion, it was
found that the difference in the distribution of IAP
between group Il c¢. HE and a group from the IV
century. are statistically significant (y>=13.333, at
y*emp=5.993 at p<0.05). Therefore, IAP can be con-
sidered a significant factor causing the highest degree
of HE (Fig. 3).

Therefore, in case of decompensated cirrhosis,
complicated by bleeding with grade I-II encephalopa-
thy against the background of intra-abdominal hyper-
tension, in the presence of protein less than 5 g/l in as-

citic fluid, it is necessary to use laparocentesis against
the background of generally accepted drug therapy.

With grade I1I encephalopathy at a protein level of
more than 5 g/l in ascitic fluid and IAP (stages II-11I),
it is better to perform EUAIR. With IV degree of en-
cephalopathy, regardless of the size of AP, it is more
advisable to use APD.

In our opinion, the elimination of intra-abdominal
hypertension in patients with refractory ascites is an
essential component in the treatment of hepatic en-
cephalopathy. Where bleeding and encephalopathy
against the background of the abdominal compartment
of the syndrome associated with ascites sharply nar-
row the possibilities of conservative (drug treatment,
and the efforts of resuscitators are primarily aimed at
stopping bleeding and stabilizing the patient’s hemo-
dynamics. In connection with this, a medical proce-
dure is diagnosed — endoscopic esophago-gastroscopy,
which gives an answer to the source of bleeding and
the possibility of stopping it endoscopically, in case of
an unsuccessful attempt to stop bleeding endoscopi-
cally, Blakemore’s probe is used (Fig. 4).

All this is carried out against the background of
hemostatic therapy and drug attempts to reduce por-
tal pressure. After the degree of encephalopathy is
determined (the need for intubation for endoscopic
examination), IAH is measured to determine the
magnitude of the abdominal compartment syndrome.
At the same time, depending on the level of protein
in the ascitic fluid, the patient is evacuated either
by laparocentesis and / or by EUAIR, albumin peri-
toneal dialysis is performed in all patients with IV
century HE. regardless of the magnitude of the IAP.
After stabilization of the patient’s condition, a basic
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medical correction is carried out, aimed at reducing
the concentration of ammonia in the blood, reducing
inhibitory processes in the brain, and inhibiting the
production of endogenous neurotoxins.

Basic drug correction is the main thing in stabiliz-
ing and improving the quality of life in patients with
cirrhosis.

DISCUSSION

Variceal bleeding is a major complication of por-
tal hypertension secondary to decompensated cir-
rhosis or portal vein obstruction, which is associated
with significant mortality [17-19].

In our study, it was found that early rebleeding
has significant positive correlation with Child-Pugh
grade. Also, this agrees with Yang et al. [17]. Also,
our results are consistent with Benedeto-Stojanov
et al. who stated that patients with the most severe
hepatocellular dysfunction have the shortest period
between the first bleeding and rebleeding (mean 20.8
days) [18]. Our results agree with Berreta et al. who
proved that Child-Pugh C was an independent risk
factor of death from rebleeding [19].

Also, this agrees with Amitrano et al. that patients
with hepatic decompensation bleed more severely
than those without hepatic decompensation [20, 21].

In our opinion, the elimination of intra-abdominal
hypertension in patients with refractory ascites is an
essential component in the treatment of hepatic en-
cephalopathy. Where bleeding and encephalopathy
against the background of the abdominal compartment
of the syndrome associated with ascites sharply nar-
row the possibilities of conservative (drug treatment,

and the efforts of resuscitators are primarily aimed at
stopping bleeding and stabilizing the patient’s hemo-
dynamics. In connection with this, a medical proce-
dure is diagnosed — endoscopic esophago-gastroscopy,
which gives an answer to the source of bleeding and
the possibility of stopping it endoscopically, in case of
an unsuccessful attempt to stop bleeding endoscopi-
cally, Blakemore’s probe is used.

Endoscopy is essential in the modern multidisci-
plinary management of variceal bleeding [22]. This
study demonstrated that endoscopic therapy was ef-
fective in controlling the initial acute variceal bleed
and that ultimate survival was influenced by rebleed-
ing and underlying liver reserve. However, despite
urgent endoscopic and pharmacological therapy,
variceal bleeding is reported to recur in up to 20%
of patients after initial endoscopic intervention [23].
Early variceal rebleeding also significantly increases
the risk of death within 6 weeks of the initial bleed
[23-25]. Prevention of rebleeding is a crucial ele-
ment of management, considering the frequency of
rebleeding after initial control [26, 27].

CONCLUSIONS

The prognostic factors for the lethal outcome of
bleeding from varicose veins of the esophagus in pa-
tients with decompensated liver cirrhosis are: the in-
effectiveness of endoscopic sclerotherapy as a means
of primary hemostasis, bleeding recurrence in the
first 5 days.

The use of staged treatment using extracorpor-
eal methods can significantly improve the results of
treatment, reduce mortality.
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Abstract

Aim: The present paper attempts to find the risk factors for hypotension suffered by patients in the postoperative
period taking into account the following aspects: gender, type of anaesthesia, ASA score, type of surgery, and time
after surgery when it is likely to be at its lowest.

Material and methods: The main method used in the study was to analyze the medical records regarding patient
data in the perioperative period. Patients had their mean arterial pressure (MAP) measured and documented in the
Intensive Care Chart. Information on the type of surgery and choice of anesthesia was obtained from the Anaesthesia
Records. Eighty patients participated in the study.

Results: There was no clear correlation between the gender of the patients and the decrease in blood pressure. Hy-
potonia occurred in the 8th hour after surgery in both men and women in the study group. It was observed that in
subjects under 80 years of age, hypotonia occurs mainly in the 8" hour after the procedure, while in older subjects
— after 12 hours following surgery. The type of procedure affects the occurrence of hypotonia. In patients undergoing
general and epidural anaesthesia, the highest decreases in mean arterial pressure values were observed 8 hours after
surgery compared to other methods of anaesthesia. The ASA classification proved useful in predicting the incidence of
hypotonia; in Class 4 patients, it was pronounced and persisted for 12 hours after surgery.

Condlusions: It cannot be conclusively stated which factors most influence the occurrence of hypotension in patients

Key words

blood pressure,
hypotension,
ASA (scale)

after surgery.

INTRODUCTION

Surgical techniques are some of the most common
methods used for treatment. Sometimes there is no
other possible way to improve the patient’s health. The
number of surgical procedures performed in Poland
has been rising for years. This is mainly due to the con-
tinuing increase in the incidence of cancer, the grow-
ing number of plastic and reconstructive surgeries and
treating injuries requiring surgical intervention.

Surgical treatment has a number of advantages but
also involves complications. The benefits of this ap-
proach are remarkable and can be seen within a short
time. Nevertheless, during the perioperative period,
blood pressure fluctuations are very common. Most
patients experience a decrease in MAP values after
surgery. This is a problem which requires detailed
observation and frequently also medical intervention.

Measuring blood pressure is one of the basic pa-
rameters characterizing the clinical condition of the
human body. The components of arterial blood pres-
sure are systolic blood pressure (SBP) and diastolic
blood pressure (DBP). The normal values are <120 for
systolic blood pressure and <80 mm Hg for diastolic
blood pressure [1]. Hypotension is analyzed only by

the values achieved and not by the diseases it causes.
According to the World Health Organization, blood
pressure values which are defined as low are under
100/60 mm Hg in women and under 110/70 mm Hg in
men. With regard to these values, it is most important
to keep in mind that each person reacts to a drop in
blood pressure in a unique way. The resulting change
in the way each person feels is different for everyone
[2]. Blood pressure is an indirect reflection of blood
flow and hypoperfusion results in organ damage. Re-
search on the effects of perioperative hypotension on
organ damage began in the 1950s. Fred Wasserman et
al. reported 25 cases of postoperative myocardial in-
farction associated with blood pressure reductions by
more than 40/20 mm Hg [3]. In another study involv-
ing over 5127 patients, Sun et al. found that acute kid-
ney injury can be caused by intraoperative lowering of
MAP to 60 mm Hg for 20 min or below 50 mm Hg for
10 min [4, 5]. The characteristic clinical symptoms of
hypotension are: weakness, pale skin, increased sweat-
ing, apathy, tachypnoea, and syncope (up to and in-
cluding loss of consciousness) [6].

Hypotension in patients after surgery may be in-
duced by pharmacological agents (e.g. anaesthetics,
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analgesics) or may occur as a result of postoperative
complications related to e.g. excessive bleeding dur-
ing and after surgery [7]. Other causes of hypoten-
sion may include preoperative fluid restriction and
starvation, restrictive fluid therapy during surgery,
chronic medication, and the patient’s general condi-
tion. Chronic diseases, such as hypothyroidism, adre-
nal insufficiency, pituitary insufficiency, neuropathy,
diabetes mellitus, cardiovascular disease, and alco-
hol consumption contribute to hypotension. Skilled
management at the time of detecting hypotension is
important. Treatment includes causal therapy, fluid
therapy — filling the vascular bed, catecholamines.

THE AIM

The aim of this study is to evaluate the causes of
hypotension in patients during their stay in the re-
covery room. In the present study we attempted to
analyze the reasons for the occurrence of decreased
MAP values after surgery, in particular the influence
of gender, age, type of surgery performed, type of an-
aesthesia and classification on the ASA scale.

MATERIAL AND METHODS

The study used the methods of medical record anal-
ysis and observation. Blood pressure measurements
were taken, entered into an Exel spreadsheet and inter-
preted. The study was performed at the Department of
General, Oncological, Metabolic and Thoracic Surgery
of the Military Institute of Medicine, Warsaw. Permis-
sion to access the medical records of the patients stay-
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ing at the Clinic from 10 January to 16 March 2016
was obtained from the Head of the Clinic. Data from
the Intensive Care Chart and the Anaesthesia Records
were used. The ASA scale class was defined for each
patient. The selection of respondents was randomized.

Patients gave informed consent to participate in
the study. Blood pressure measurements were taken
before the procedure, at “0” hour, and 1, 3, 6, 8, and
12 hours after the procedure. The results of the meas-
urements were recorded. Each blood pressure meas-
urement was analyzed and MAP was calculated from
the formula: MAP=(SBP+2xDBP)/3.

There were 80 participants in the study. Most of
them were women (55%), among whom young ones
aged 20-40 years predominated (17 out of 44). On
the other hand, men were predominantly aged 60-80
years (16 out of 36) (Fig. 1).

The procedures were performed using both clas-
sical and laparoscopic methods. In the majority of
the subjects, open surgery was performed (48 out of
80). More than half of the subjects had undergone
abdominal suregery (50 out of 80), head and neck
surgery (9 out of 80), and thoracic surgery (21 out
of 80). Most subjects were categorized as ASA scale
Class 3 (27 out of 80). Analyzing the ASA scale class
versus the age of the patients, it was found that Class
4 consisted only of patients over 40 years of age.
Among the oldest patients, there were no ASA Class
1 cases. General anaesthesia was used in the majority
of patients (67%). The smallest proportion of patients
(14%) received regional anaesthesia.
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Fig. 1. Number of patients studied by age group and gender.
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Fig. 3. Mean arterial pressure and the type of anaesthesia used.

RESULTS

In men, baseline mean arterial pressure (MAP),
was higher than in women, i.e. 95 mm Hg. A signifi-
cant decrease in blood pressure was observed in wom-
en when comparing measurements before the proce-
dure and at “0” hour. A clear downward trend in mean

' Mean arterial pressure after 3 hours

W Mean arterial pressure after 8 hours

arterial pressure was observed in both men and women
in the postoperative period. The greatest decrease was
observed in the course of the 8™ hour after surgery. The
study showed that elderly patients spent the longest
time in the recovery room (33 hours on average), while
young patients — the shortest (21 hours).
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The analysis of mean values of arterial blood pres-
sure versus age showed that in all age groups there
was a tendency for it to decrease. A significant drop
in blood pressure in the 8th hour after the procedure
was observed in patients in three age groups. Only in
the oldest subjects (i.e., those aged from 80 to 99), a
decrease in blood pressure occurred during the 12
hour after the procedure (Fig. 2).

The analysis of mean arterial pressure values and
the type of surgery revealed that the lowest values
occurred in the course of the 8th hour after surgery.
This applies to both open and laparoscopic methods.

When looking for the relationship between mean
arterial pressure values and the type of anaesthesia
used, it was noted that the lowest blood pressure val-
ues occurred during the 8" hour after surgery — primar-
ily after general and epidural anaesthesia and general
anaesthesia. After procedures under regional anaesthe-
sia, no marked hypotonia was evident in the follow-up
hours — the values remained the same (Fig. 3).

The analysis of mean arterial pressure values ver-
sus ASA score classification revealed that in Class
1 patients, a marked decrease in blood pressure oc-
curred in the 6th hour after surgery. In patients in
Class 2, this drop occurred in the course of the 8"
hour after surgery. On the other hand, in Class 3 pa-
tients, the decrease was observedin the 8" hour and
persisted until the 12" hour after surgery. Among
Class 4 patients, a visible decrease in mean arterial
pressure values occurred as early as one hour after
surgery. An increase in these values was observed in
the 6th hour, but subsequent measurements showed
ongoing hypotonia.

DISCUSSION

Many complications can develop within several
hours after surgery. According to the present study,
hypotonia and its sequelae are common periopera-
tive complications in patients after surgical proce-
dures. Retrospective studies conducted by the staff
of the Krakéw Oncology Centre, which is a branch
of the Maria Sktodowska-Curie National Research
Institute of Oncology, have shown that postopera-
tive hypotension occurs in more than half of the re-
spondents. During that study, the medical records of
500 patients were analyzed. It was proved that hy-
potension after major abdominal surgery is a multi-
causal phenomenon. Major factors contributing to
postoperative hypotension include older age, chron-
ic B-blocker use, and renal dysfunction. In patients,
in whom hypotension was treated by administering
vasopressors, hospital stay after surgery was signifi-
cantly longer [8].

It should be stated that the problem of postopera-
tive hypotension is still unnoticed by researchers —
both doctors and nurses.

The paper confirms the fact that the occurrence
of postoperative hypotonia is clearly evident, even in
such a small study group. It would, therefore, be in-
teresting to see the results of studies based on a much
larger group of patients and in different clinical units.

It is also important to note the complications
brought on by low blood pressure. If medical inter-
vention is not introduced, even the death of the pa-
tient may occur.

Hypotension during anaesthesia is harmful, but
there are effective methods to prevent it. This prob-
lem was addressed in a study comparing the efficacy
of ephedrine and phenylephrine administered after
subarachnoid anaesthesia to prevent hypotension in
the elderly [9]. Phenylephrine was not administered
in the group of patients we studied.

One of the factors leading to postoperative hypo-
tension is general anaesthesia administered early after
dialysis. According to the study, in a group of patients
operated on less than 7 hours after dialysis, a drop
in blood pressure occurred in 63.6%, compared with
9.2% when the operation was performed over 24 hours
after dialysis. During the 48 hours of follow-up after
anaesthesia, hypotension was more common in pa-
tients whose interval between dialysis and anaesthesia
was less than 7 hours. Therefore, if possible in cases
of urgent surgical procedures, a delay of >7 hours may
reduce postoperative hypotension [10]. Our study did
not show any association between the kind of anaes-
thesia used and the occurrence of hypotension.

However, in a study comparing the classical and
laparoscopic techniques in pheochromocytoma sur-
gery, there were no significant differences in operative
time, postoperative blood pressure control, major com-
plication rates, postoperative hypotension, or cardio-
vascular disease between the two groups [11], which is
consistent with the results of the present study.

Intraoperative and postoperative hypotension is
associated with myocardial and renal damage and
30-day mortality. Deviations from normal blood
pressure in the postoperative period occurred more
frequently, were more prolonged, deeper, and largely
undetected in a group of patients undergoing routine
vital sign assessment (in a cohort of adults recover-
ing from abdominal surgery). Frequent or continuous
blood pressure monitoring may more effectively de-
tect hemodynamic abnormalities and potentially fa-
cilitate treatment [12].

Another study linked the occurrence of hypoto-
nia episodes solely to the length of surgery. Simi-

175



176

Robert Hadzik, Marta Pietrzak, Dariusz Kosson

larly to our work, age and gender dependence were
excluded [13].

In contrast, in 2019, the recommendations of the
international organization called PeriOperative Qual-
ity Initiative (POQI) regarding postoperative blood
pressure, risk, and outcomes of elective surgery were
formulated as follows: (a) there is evidence of harm
associated with a postoperative systolic blood pres-
sure <90 mm Hg; (b) for patients with preoperative
hypertension, the threshold at which organ damage
occurs may be higher than a systolic blood pressure
of 90 mm Hg; (c) there is insufficient evidence to
precisely define the level of postoperative hyperten-
sion above which damage will occur; (d) more fre-
quent postoperative blood pressure measurements
can identify the risk of damage and clinical dete-
rioration earlier; and (e) there is evidence of harm
in withholding beta-blockers, angiotensin receptor
blockers, and angiotensin-converting enzyme inhibi-
tors in the postoperative period. Despite evidence
suggesting associations of postoperative hypotension
or hypertension with poorer postoperative outcomes,
further research is needed to determine the optimal
levels at which intervention is beneficial, to specify
the best methods and timing for measuring postop-

erative blood pressure, and to improve postoperative
management of chronic hypotensive treatment [14].
The current recommendations were presented to the
team, in order to avoid and prevent hypotension and
its consequences.

CONCLUSIONS
It cannot be concluded which factors most influ-
ence the occurrence of hypotension. Therefore:

1. When analyzing postoperative hypotension, com-
plications and fluid deprivation associated with the
procedure should be considered

2. In preventing hypotension it is recommended to:

o implement rational fluid therapy and early
oral fluid supply,

« maintain fluid balance,

o implement classical or extended monitoring
dependent on the patient’s general condition.

3. In the early diagnosis of hypotension and while
implementing treatment, a key role is played by
the cooperation of nursing and medical teams. Be-
cause of the frequent occurrence of hypotension in
the eighth hour of observation, increased monitor-
ing (including instrumentation) is necessary in the
late postoperative period.

REFERENCES

1. Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/
ASPC/NMA/PCNA guideline for the prevention, detection, evaluation, and management of high blood
pressure in adults: Executive summary: A report of the American college of cardiology/American Heart
Association task. Hypertension 2018;71:1269—1324.

2. Tonkin A. Low blood pressure and low energy: (How) are they related? J Hypertens. 2004;22:671-673.

3. Wasserman F, Bellet S, Saichek RP. Postoperative myocardial infarction; report of twenty-five cases. N
Engl J Med. 1955;252:967—74. doi:10.1056/NEJM195506092522301.

4. Sun LY, Wijeysundera DN, Tait GA, Beattic WS. Association of intraoperative hypotension with acute
kidney injury after elective noncardiac surgery. Anesthesiology 2015;123:515-523. doi:10.1097/

ALN.0000000000000765.

5. SunJ, Yuan J, Li B. SBP Is Superior to MAP to Reflect Tissue Perfusion and Hemodynamic Abnormal-
ity Perioperatively. Front Physiol. 2021;12:705558.
6. Low Blood Pressure — Low Blood Pressure NHLBI, NIH. https://www.nhlbi.nih.gov/health/low-blood-

pressure. [Access: Apr 26, 2022].

7. Aktualny stan wiedzy na temat hipotonii. Med Rodz 2004;6. Available online: http://www.czytelniam-
edyczna.pl/554,aktualny-stan-wiedzy-na-temat-hipotonii.html. [Access: Apr 26, 2022; in Polish].

8. Kapata W, Chojnacki M. Cisnienie tetnicze i tetno w okresie okotooperacyjnym. Rola personelu
pielegniarskiego w dokonywaniu pomiarow ci$nienia t¢tniczego i tetna w okresie przedzabiegowym,
srédzabiegowym i pozabiegowym. Pielegniarstwo Chirurgiczne i Angiologiczne 2008;2:51-55. https://
www.termedia.pl/Cisnienie-tetnicze-i-tetno-w-okresie-okolooperacyjnym-Rola-personelu-pielegniar-
skiego-w-dokonywaniu-pomiarow-cisnienia-tetniczego-i-tetna-w-okresie-przedzabiegowym-srodza-
biegowym-i-pozabiegowym,50,10550,1,0.html. [Access: Apr 26, 2022; in Polish].

9. Abukhouskaya N, Kowalczyk R, Gérniewski G, Janiak M, Kosson D, Trzebicki J. Hipotensja —
powiklanie znieczulenia podpajeczynéwkowego szczegblnie grozne u chorych w podesztym wieku.

Pol Merkur Lek. 2020;48;215-220 [in Polish].

10. Deng J, Lenart J, Applegate RL. General anesthesia soon after dialysis may increase postoperative hy-
potension — A pilot study. Hear Lung Vessel. 2014;6;52-9.



Analysis of the causes of hypotension in recovery room surgical patients

11. Fu SQ, Wang SY, Chen Q, Liu YT, Li ZL, Sun T. Laparoscopic versus open surgery for pheochromocy-
toma: A meta-analysis. BMC Surg. 2020;20. doi:10.1186/s12893-020-00824-6.

12. Turan A, Chang C, Cohen B, et al. Incidence, Severity, and Detection of Blood Pressure Perturbations
after Abdominal Surgery: A Prospective Blinded Observational Study. Anesthesiology 2019;130:550—
559. doi:10.1097/ALN.0000000000002626.

13. Yamashita K, Kohjitani A, Miyata M, Ohno S, Tohya A, Ohishi M, Sugimura M. Predictive factors
of postoperative blood pressure abnormalities following a minor-to-moderate surgery. Int Heart J.
2018;59:1359-1367. doi:10.1536/ihj.17-612.

14. McEvoy MD, Gupta R, Koepke EJ, et al. Perioperative Quality Initiative consensus statement on post-
operative blood pressure, risk and outcomes for elective surgery. Br J Anaesth. 2019;122;575-586.
doi:10.1016/j.bja.2019.01.019.

ORCID AND CONTRIBUTIONSHIP * ADDRESS FOR CORRESPONDENCE
Hadzik Robert — 0000-0002-6808-7064 " Robert Hadzik
Pietrzak Marta — 0000-0002-5130-6267 *P Zaktad Nauczania Anestezjologii i Intensywnej Terapii
Kosson Dariusz — 0000-0002-1683-1154 MEF Warszawski Uniwersytet Medyczny
Warszawa, Poland
CONFLICT OF INTEREST e-mail: robert.hadzik@wp.eu

The Authors declare no conflict of interest.

o000

CREATIVE COMMONS 4.0

RECEIVED ACCEPTED
30.05.2022 18.08.2022

*Contribution: A—Work concept and design, B—Data collection and analysis, C— Responsibility for statistical analysis, D—Writing the article, E— Critical review, F — Final approval.

177



178

Emerg Med Serv, 2022; IX, 3: 178-183

REVIEW ARTICLE

© ALUNA Publishing House

DOI: 10.36740/EmeMS202203106

THE FUNCTIONING OF EMERGENCY DEPARTMENTS DURING

THE FIRST WAVE OF THE COVID-19 PANDEMIC

Michat Dudek’, Zbigniew Putowski?, Robert Latacz', Robert Kijanka', Klaudiusz Nadolny?,

Wojciech Gaszynski’

1 DEPARTMENT OF EMERGENCY MEDICINE, FACULTY OF HEALTH SCIENCES, UNIVERSITY OF BIELSKO-BIALA, BIELSKO-BIALA,

POLAND

2 DEPARTMENT OF ANAESTHESIOLOGY AND INTENSIVE CARE, SCHOOL OF MEDICINE IN KATOWICE, STUDENTS'SCIENTIFIC SOCIETY,

MEDICAL UNIVERSITY OF SILESIA, KATOWICE, POLAND
3 FACULTY OF MEDICINE, KATOWICE SCHOOL OF TECHNOLOGY, KATOWICE, POLAND

4 DEPARTMENT OF ANAESTHESIOLOGY AND INTENSIVE THERAPY, MEDICAL UNIVERSITY OF LODZ, LODZ, POLAND

Abstract

Aim: Emergency Departments (EDs) work organization is a significant challenge for the medical personnel managing
them. Space limitations and architectural differences between individual hospitals still existing in many places are
one of the main reasons for such a state. The resulting diversity of communication routes, the distribution of particular
areas, and the variety of bed resources are only among the many factors hindering the unification of the organiza-
tion of ED work on a national scale. The “first wave” of the SARS-CoV-2 pandemic had a significant impact on the
daily functioning of these departments, which resulted, among others, from the necessity to isolate patients with
COVID-19, which should have been carried out according to top-down recommendations. These recommendations
imposed specific organizational and logistic solutions on the EDs, including, in particular, the formation of isolation
zones for patients suffering from a new infectious disease while maintaining the continuity of providing services to
patients not suffering from COVID-19. Their implementation, in the context of the significant diversity of the existing
organization of EDs, was, therefore, a challenging task requiring “individual” adaptation of each ED to new, even more,
difficult working conditions. This article discusses the related challenges in the ED functioning during the first wave of
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the COVID-19 pandemic.

INTRODUCTION

The organization of Emergency Departments
(EDs) should be similar and adapted to the applicable
legal solutions. Unfortunately, the architectural con-
ditions resulting, among others, from the forced ad-
aptation of some admission rooms to the EDs, caused
the premises conditions in terms of the distribution
of individual areas differ from each other. Moreover,
the hitherto marginally treated rooms, such as isola-
tion rooms or decontamination zones, have become
strategic logistic points in the face of the epidemio-
logical threat. The SARS-CoV-2 pandemic and the
rapid increase in COVID-19 patients resulted in the
need to introduce new procedures in the “first line of
defense,” which EDs became, apart from Emergency
Medical Service (EMS) teams.

THEAIM

This paper aims to present the activities under-
taken in ED functioning during the first wave of the
COVID-19 pandemic, with particular emphasis on

the issues of work organization, transport logistics,
and isolation of a patient suffering from an infectious
disease.

REVIEW AND DISCUSSION
PRE-TRIAGE

The epidemiological situation in Poland in the first
quarter of 2020 forced the implementation of “new”
procedures in the EDs functioning. They aimed to
protect medical personnel and patients by minimiz-
ing the risk of SARS-CoV-2 virus transmission. First,
patients arriving at the EDs had to undergo a modified
algorithm to assess disease severity (Fig. 1). Before
the pandemic outbreak, patients admitted to the ED
were subjected to classic triage carried out within the
ward. Upon the announcement of the epidemic threat
associated with SARS-CoV-2, it was required to intro-
duce a tool that would initially allow dividing patients
into those with suspected infection and those poten-
tially healthy. Pre-triage is a model of taking history
(Table 1) and doing a physical examination, which,
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Fig. 1. Patient flow algorithm through the ED depending on epidemiological conditions.

Table 1. Elements of medical history taking, and epidemiologi-
cal inquiry performed during the pre-triage [2-5].
Medical history Epidemiological inquiry

1. Have you suffered from a cough in
the last 14 days?

1. Have you traveled abroad in the
last 14 days? If so, what country you
visited, and when you came back?

2. Have you experienced an incident of
shortness of breath or dyspnea within
the last 14 days?

2. Have you met any people infected
with the new coronavirus (SARS-
CoV-2) or displaying its symptoms
(cough, fever, shortness of breath)
within the last 14 days?

3. Have you got a fever in the last 14
days? If so, how severe?

without a swab result for the presence of the virus,
gives a hint on how to manage the patient further [1].

The medical history taking, and epidemiological in-
quiry were to answer the question in which risk group
the patient was. The model of the transmission of in-
fectious diseases developed in the 1920s by William
Kornack and William McKendrick is now known as
the SEIRV segregation model [2]. In the case of a sig-
nificant number of patients exposed to a biological fac-
tor, applying a model that uses the natural course of an
infectious disease and the relationship with the exter-
nal environment is recommended. Patients are marked
with a code corresponding to the stage of the disease: S
— SUSCEPTIBLE, E — EXPOSED, I - INFECTIOUS
/ INFECTED, R — REMOVED (death, recovery), V
— VACCINATED. Using the above model, it should
be assumed that all persons considered sensitive were
equally exposed to infection with a constant and simi-
lar period of contagiousness [3-5]. As above, at least
one affirmative answer to the questions presented in

the table classifies the patient into the group of pa-
tients suspected of being infected with SARS-CoV-2.
Independently from the taken medical history, each
patient undergoes a brief physical examination. The
pre-triage physical examination relies primarily on the
measurement of the body surface temperature using a
non-contact thermometer and the overall assessment
of the patient’s clinical condition. Patients with a body
temperature above 37°C, as well as patients showing
other symptoms of COVID-19, considered typical in
the first period of the pandemic, i.e., cough and dysp-
nea, are classified under the pre-triage system to the
group of patients suspected of being infected with the
SARS-CoV-2. Similar solutions, i.e., patients showing
respiratory symptoms, regardless of the epidemiologi-
cal history, are used in other centers [6]. Other models
for diagnosing the risk of COVID-19 infection were
proposed by Levenfus et al., where AIFELL was used,
in which the parameters: increased concentration of
lactate dehydrogenase and the presence of lymphope-
nia were also assessed. The presence of such features
increased the sensitivity of pre-triage and the probabil-
ity of correct qualification of the patient to the appro-
priate ED zone [7]. Other methods of screening were
proposed by Soltan et al., where artificial intelligence
was used to analyze a whole range of laboratory tests
(e.g., blood gas test, blood counts, clinical symptoms).
The results regarding potential infection were obtained
much faster than the PCR results [8]. Thanks to the
method used, it was possible to obtain cheap and rela-
tively simple screening, which reached 92.3% accu-
racy (with a negative predictive ability of 97.6% and
with AUROC equal to 0.881). Studies were also car-
ried out on much “poorer” screening models, where
the severity of diseases was assessed solely based on
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the subjective assessment of the person responsible
for triage in patients who met the epidemiological and
clinical risk criteria for COVID-19 infection. Interest-
ingly, such a subjective assessment model (i.e., does
the patient look sick?) was effective in terms of the
correct qualification of patients according to the need
for hospitalization. Still, it was insufficient for the
proper phenotyping of patients for the symptoms of
COVID-19 disease [9].

One of the most noticeable imperfections of the
pre-triage system was its implementation among pa-
tients admitted to the ED in a life-threatening state.
Such patients, requiring immediate medical interven-
tion, repeatedly found themselves in a state of dis-
turbed consciousness, which significantly hindered
the medical history taking and examination. Patients
from this group were assumed to be COVID-19 pa-
tients. Such a patient had to be admitted and treat-
ed by personnel secured with a full set of personal
protective equipment (PPE), which undoubtedly
made manual work difficult. In the initial stage of
the pandemic, it also caused secondary but signifi-
cant problems due to the limited availability of such
equipment. Additionally, patients of this group were
placed in a part of the ward where the diagnosed or
probable SARS-CoV-2 infection patients were stay-
ing, which further exposed them to infection transfer
and encouraged the spread of the virus. Interestingly,
at Bristol Royal Infirmary, critically ill patients were
still phenotyped for risk of infection. Depending
on the probability of infection, seriously ill patients
were placed in the “green” or “red” zones [10]. This
is a significant difference because, within the ED in
which the author works, all critically ill patients were
treated as infected with SARS-CoV-2.

Patients who were asymptomatic or mildly symp-
tomatic carriers of SARS-CoV-2 often ended up in
part of the ED for patients who were not suspected of
having an infection, which favored the transmission
of the virus to healthy people and medical staff.

MANAGING THE FLOW OF PATIENTS IN TIMES OF COVID-19

The need to separate the population of patients
suspected of having SARS-CoV-2 infection from
the remaining patients in the ED forced the reor-
ganization of the ED. The following zones have been
formed: green, orange, and red (Fig. 2a, b). The green
zone is an area for admitted patients with no history
of a possible infection. The orange one, which is a
kind of “airlock” between the green and red zones, is
a space for medical personnel who have had contact
with the red zone. There, the staff is decontaminated,
and medical clothing is changed.

One of the organizational requirements was the
presence of a sanitary facility in such a zone and
instructions on how to dress and remove protective
clothing appropriately. The red zone included pa-
tients whose pre-triage epidemiological and clinical
picture of the disease could indicate infection with
the SARS-CoV-2 virus, as well as those who waited
for a swab result before admission to the target hos-
pital ward. However, it should be remembered that
in the first period of the pandemic, the organization
of the above-mentioned zones became only an at-
tempt to systematize patients in terms of infection.
The current epidemic and the nature of the COV-
ID-19 disease are characterized by an extensive
“gray zone” — one can never be sure that the patient
in the green zone is not an asymptomatic vector that
infects [11]. Due to the above, it seems rational to
maintain a similar sanitary regime as in the red zone.
Nevertheless, in the green zone, medical personnel
are required to use at least surgical masks (their
estimated reduction in the risk of droplet transmis-
sion from 1-2 meters from an infected patient is ap-
proximately 80% [12]). It is worth mentioning that
the transport of patients to the green and red zones
was carried out using separate routes, i.e., patients
suspected of being infected did not travel the same
corridors as patients without suspicion of infection,
which was in line with WHO recommendations re-
garding the organization of EDs [13].

Minor procedures performed in the green zone
were subject to a strict sanitary regime, with the
use of a disposable gown, goggles, or facial shields,
as well as sterile gloves (the distance between the
healthcare worker and the patient is then direct). The
use of advanced personal protective equipment was
obligatory within the red zone. Therefore, the person-
nel were equipped with an additional apron or cov-
erall, a HEPA mask, a head cap, goggles, or a facial
shield, as well as two layers of gloves during their
entire stay in this space. Such clothing meets the
international standards for preventing viral aerosol
transmission [14].

Within the described zones, isolation rooms were
also separated in the ED. In the red zone, an isolation
room with its own sanitary facility and the possibility
of monitoring the patient, as well as an intensive care
standard room, were organized. In addition, isola-
tion rooms were organized in the green zone, without
the presence of a sanitary facility and the possibil-
ity of monitoring — they were provided for patients
who waited for a nasopharyngeal swab result during
a short stay. Such an adaptation for the isolation of
patients was a radical change in relation to the ward
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If

organization before the pandemic. Previously, there
was only one isolation room for the entire ED in the
author’s workplace. For obvious reasons, medical
staff, divided into the one serving the red zone and
the person serving the green zone, should not have
contact with each other or at least have this contact to
a minimal extent [15].

PARALYSIS OF EMERGENCY DEPARTMENTS DURING A PANDEMIC
One of the essential complications hindering the
ED’s functioning is transferring patients to target
departments. To minimize virus transmission in the
hospital prior to admission, every patient had to have
a SARS-CoV-2 swab. In the initial phase of the pan-
demic, the introduction of this type of regime meant
that patients’ staying in the ED extended to several
days, which delayed the time of admitting “new” pa-
tients. Additionally, due to the more and more fre-
quent situations in which departments of neighboring
hospitals were temporarily closed due to infections
of medical personnel or the need to decontaminate
rooms periodically after identifying an asymptomatic

Fig. 3a, b. Isolating devices for patients
with confirmed COVID-19.

carrier in the green zone, a more significant number of
patients were sent to the same ED. Moreover, a patient
who showed a positive swab result during staying at
the ED and required admission to the target ward had
to be transported to a hospital prepared for the treat-
ment of such patients. In situations of frequent lack
of places in the wards intended for hospitalization of
patients with COVID-19, the period of admission to
the ward was significantly extended. It is worth not-
ing that due to the large number of tests performed
in the hospital laboratory, there were often situations
where there were no reagents to perform the PCR
test. In such situations, an external unit performed
the swabs analysis, which led to a critical extension
of the waiting period for the result, making the results
known in the best situation only on the second day.
The constellation of the above-mentioned difficulties
translated into a long wait for admission to the ward
and excessive occupancy of the ED, which resulted,
among other things, in a long time necessary to find a
free bed and admit patients remaining in ambulances
standing in front of hospitals.
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PROCEDURES FOR DEALING WITH COVID-19 PATIENTS

One of the challenges in dealing with patients
with confirmed or highly probable SARS-CoV-2
infection was the implementation of procedures to
isolate patients in a way that would prevent trans-
mission of the virus. Bio-Bag devices (Fig. 3a,b),
isolation tents, or special covers protecting medi-
cal personnel in the first phase of a pandemic often
turned out to be unavailable.

Physiologically difficult airways in patients with
COVID-19 do not arise from anatomical anomalies
but profoundly disturbed physiological functions of
lung tissues, which cause gas exchange disturbances.
Intubation of a patient with decompensated respira-
tory failure is always difficult, stressful, and at risk
of failure. Tracheal intubation, as well as extubation
and bronchofiberoscopy, is considered to be one of
the procedures with a high risk of aerosolization [16].

This means that during its performance, an aero-
sol is sprayed (from the respiratory tract of the intu-
bated patient) from the upper respiratory tract [11,
16], which may be aspirated into the lungs by the
person performing the procedure and by assisting
staff, exposing them to potential infection. In ad-
dition, the occurrence of the SARS-CoV-2 virus
generated difficulties in intubating COVID-19 pa-
tients, due to the necessity to perform this medical
procedure in full security in PPE and use to carry
out additional barrier covers. Therefore, medical
personnel were required to equip themselves with
coveralls, masks with high filtration efficiency, gog-

V‘M . . .. . . ..
Fig. 4. Intubation training in individual
h personal protective equipment.

gles, or facial shields, which significantly reduces
the possibility of obtaining optimal visualization of
the entrance to the larynx during laryngoscopy, as
well as communication and teamwork (Fig. 4).

Therefore, intubation of a COVID-19 patient
could not have been an unprepared, ill-considered,
and chaotic medical procedure. In most cases of
COVID-19 cases, we were able to predict the upcom-
ing need for intubation and prepare for it accordingly.
The preparation of drugs or equipment necessary for
endotracheal intubation of a patient with SARS-
CoV-2 infection did not differ from the principles of
supplying the upper respiratory tract to patients with
other diseases. However, one must keep in mind that
the preparation to perform this procedure for a pa-
tient with COVID-19 required considerable attention
to every detail because after entering the red zone
where the patient was, the need to replenish the miss-
ing equipment or medicines required leaving the red
zone, which was associated with a time-consuming
staff decontamination procedure.

CONCLUSIONS

The COVID-19 pandemic forced the implementa-
tion of measures to minimize the transmission of the
virus to both patients and medical staff, which in the
initial period was a serious problem for health care
facilities. However, the systems proposed in the first
wave turned out to be far from sufficient, which be-
came even more evident with the increasing number
of people infected with the virus.
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Abstract

Anaerobic bacterial infections are a broad group of conditions ranging from superficial skin infections to deeply em-
bedded necrotic soft tissue infection. It has been observed that amongst all the microorganisms causing soft tissue
infection, as many as 70% of anaerobic bacteria are unquestionably related to mortality in fulminant infections. Such
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infections are most commonly caused by an open wound that is insufficiently disinfected, or through the wound com-
ing into contact with soil or human or animal faeces. This is particularly the case for wounds resulting from traffic
accidents and injuries sustained in agriculture. In 80-95% of cases, the bacteria Clostridium perfringens is responsible
for the appearance of gas gangrene manifested by sharp pain and crepitus in the wound area, as well as disseminated
intravascular coagulation and septic shock. Due to time-consuming diagnosis and delays in obtaining the results of
bacteriological tests, identifying the condition and commencing treatment relies mainly on a paramedic’s knowledge
and experience. Improving the body of knowledge on soft tissue infection and awareness of the potential risks can

affect the patient’s prognosis.

INTRODUCTION

Despite medical advances, anaerobic bacterial
infections are still a group of conditions that are
life threatening. The danger posed by the infection
is mainly the result of the rapid spread of the disor-
der, and without appropriate diagnosis and the im-
plementation of aggressive treatment often leads to
death [1-5]. It has been observed that amongst all
the microorganisms causing soft tissue infection, as
many as 70% of anaerobic bacteria are unquestion-
ably related to mortality in NSTI (Necrotizing Soft
Tissue Infections). An increased relative amount of
Gram (-) bacteria has also been noted in patients with
abscesses, which is linked to a worse prognosis for
the satisfactory effects of treatment [6-8]. Due to
time-consuming diagnosis and delays in obtaining
the results of bacteriological tests, identifying the
condition and commencing treatment relies mainly
on a paramedic’s knowledge and experience [9-11].

Skin and soft tissue infections (SSTI) cover a
range of infections, usually in the form of abscesses,
which are infections limited to the host matrix and
require only minimal medical intervention. ABSSSI
(Acute Bacterial Skin And Skin Structure Infections)
are severe bacterial infections of the skin and its
structure (previously known as SSTI complications),
that reach deep into layers of tissue and may require
surgical intervention. The group of conditions known

as Necrotizing Soft Tissue Infections (NSTI) are rap-
idly spreading infections that cause serious illness
and systemic septic shock, and a mortality as men-
tioned above of 10-30%, despite intensive treatment
[6, 12-14].

THE AIM

The Emergency Medical Service team is often
the first to contact the injured, and the paramedic,
based on a medical history and physical examination,
quickly decides about urgent or planned diagnostic
and treatment procedures. Although rare, fulminant
infections of soft tissues are one of the most danger-
ous diseases; therefore, systematizing the current
knowledge in this field will allow for effectively
counteracting these dangerous infections.

REVIEW AND DISCUSION
ETIOLOGY

Some anaerobic infections (tetanus and gas gan-
grene) are caused by microorganisms carried by vari-
ous environmental factors, for example soil. Howev-
er, common types of anaerobic infections occur as an
endogenous form of infection caused by a patient’s
own bacterial flora, which is why it is crucial to iden-
tify the place colonised by the anaerobes in order to
determine the given pathogen and estimate its inva-
sion path (Tables 1-2) [11, 15-17].
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Table.1. Endogenous anaerobic bacteria in the human body [4].

Location
Oral cavity, upper respiratory tract

Stomach Lactobacillus

Small intestine Streptococcus, Lactobacillus

Bacteria

Prevotella (especially P oralis), Porphyromonas, Bacteroides (B.ureolyticus), Fusobacterium (especially F. nucleatum),
Peptostreptococcus, Veillonella, Actinomyces, Propionibacterium

Bacteroides fragilis, Porphyromonas, Fusobacterium, Anaerobic cocci, Clostridium, Bifidobacterium, Propionibacterium

Prevotella, Porphyromonas, Bacteroides, Peptostreptococcus, Clostridium, Veillonella, Lactobacillus, Eubacterium, Propionibacterium

Colon
Reproductive organs
Urethra Propionibacterium, Peptostreptococcus, Bacteroides, Fusobacterium
Skin Propionibacterium, Peptostreptococcus

Table 2. Classification of anaerobic bacterial infections of skin and soft tissue [7].

Causative bacteria

Underlying condition
Progression of symptoms
Inflammatory tissue —

morphology

Skin symptoms

Minor crackles and crepita-
tions

Properties of pus/smell

Gas gangrene

Clostridium

Various infections: Clostridium
with other bacteria

In the majority of cases
contaminated wounds

Fast

Myositis, muscle necrosis

Localised pain, reddening,
swelling, blisters, dark purple
patches on the skin, necrosis

and fluctuation

+

Smell of rotten meat

Non - Clostridium

Various infections: Bacteroides,
Escherichia coli, Streptococcus
and other anaerobes

Diabetes in many cases
Slow

Infection of connective tissue,
skin and subcutaneous tissue

Localised pain, reddening,
swelling, blisters, dark purple
patches on the skin, necrosis

Necrotizing infections

Type | (multi-bacterial, con-
nective tissue infection)

Facultative anaerobes

Diabetes, obesity, alcoholism
Slow

Infection of connective tissue
and muscles

Localised pain, redden-
ing, swelling, blisters, dark
purple patches on the skin and

Type Il (streptococcal
gangrene)

Group A B-hemolytic Strepto-
coccus

No underlying condition in
many cases

Fast

Infection of skin, subcutane-
ous tissue, connective tissue,
muscles

Swelling, marked erythema,
blood blisters, well-defined
necrosis, ulcer

and fluctuation necrosis
+ - -
Rotten smell Fetid (+) Fetid (-)

Rod bacterium (-) and grain

Bacteriological tests Rod bacterium (+) . Grain bacterium (+) Grain bacterium (+)
bacterium (+)
Anemia,jaundice, hemoglo- General infection, high level of
Blood and urine tests binuria, elevated creatine General infection, diabetes General infection . ! 9
) antistreptolysin 0 (ASO)
phosphokinase (CPK)
X-ray results AT TG Image of subcutaneous aerosis Gas (-) Gas (-)
muscle layer
Hyperbaric oxygen therapy Clearly effective Ineffective Ineffective Ineffective

Classification of anaerobes and their frequency of o  Rod bacterium (+): Actinomyces, Bifidobacte-
isolation from samples: ria, Propionibacterium, Eubacterium [3,4,7,8].
* group of bacteria that form endospores:

o  Clostridium bacteria (11-14%), BACTERIOLOGY

* group of bacteria that do not form endospores:
o Rod bacterium (-) (24-39%): Bacteroides,
Prevotella, Porphyromonas, Fusobacteria,
o  Grain bacterium (+) (16-22%): Peptostrepto-
cocci, Peptococcus,
o  Grain bacterium (-): Veillonella parvula,

The main feature of anaerobes is their ability to
exist only in anaerobic conditions or in environments
with a minimal concentration of oxygen. Bacteria that
live in environments with a concentration of oxygen
between 0.1% and 5% are known as strictly anaero-
bic. Microaerophilic strains, or optionally anaerobic,
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tolerate higher concentrations of O,, but also develop
only when the concentration is low. In addition, anaer-
obes produce energy during fermentation and lack cy-
tochrome, peroxidase and catalase, which is why they
are often involved in infections that affect the deeper
skin layers, connective tissue and muscles rather than

in superficial infections [5, 18-20].

The phrase ‘air tolerance’ suggests the ability of
pathogenic anaerobic microorganisms to survive and
be active in the oxygen concentrations present in tis-
sue. A significant number of strains of anaerobes (e.g.
Bacteroides) are able to survive in environments with
oxygen at pressures of between 15 and 60 mmHg or
above. Of key importance apart from oxygen concen-
tration is the tissue redox potential, that is the ability
to create electrons in metabolic cycles. Reduction of
redox below +120mV encourages the development of
anaerobes, irrespective of the oxygen concentration.
Reduction of redox is also affected by ischemia, tissue
necrosis and the development and action of aerobic
bacteria [3, 21, 22].

Anaerobic bacteria are also divided into those that
produce endospores and toxins responsible for their
pathogenic effects (these belong to the strain Clostrid-
ium — which vegetate in soil and in the digestive tract
of humans and animals), and those that do not produce
endospores (these are most often saprophytic flora on
mucous membranes) [3-5]. Of the 150 strains identi-
fied, those responsible for causing gas gangrene are:
Clostridium perfringens (80 — 90% of muscle necro-
sis), Clostridium welchii, Clostridium oedematiens and
Clostridium novyi. The remaining cases of necrotizing
muscle infection are caused by the Bacteroides fragilis
strain and by streptococci [23-25].

The classification of anaerobic infections, based
on bacteriological and clinical criteria, currently refers
above all to the type of tissue that was first infected.
This division is as follows:

1. Muscle necrosis induced by Clostridium (gas gan-
grene), or by other microorganisms.

2. Infections of subcutaneous tissue, which, depend-
ing on the depth of the spreading infection, can be
divided into:

a. necrotic connective tissue infection affecting the
deep connective tissue, subcutaneous tissues and
surface connective tissue;

b. skin infection including subcutaneous tissue and
surface connective tissue [26, 27].

The most important features of necrotizing soft tis-
sue infection are the place of the initial development of
the infection (muscles, subcutaneous tissue, connec-
tive tissue), the location of the infection and how it is
spreading. A common element to all infection variants

is that they cover a large area of the body (irrespec-
tive of existing barriers), and the lack of characteristic
purulent discharge (or rather the presence of a cloudy
discharge with a serous specificity). In addition, after
incision the tissue can be seen to be pale and often dis-
integrates to the touch of the hand or surgical instru-
ment, as well as displaying areas of necrosis. There
may be limited bleeding from the wound or no bleed-
ing at all, as well as:

1. Under the microscope, massive accumulation of
leucocytes, necrotic areas and developing micro-
abscesses.

2. For the majority of the infection period, samples
show the presence of microorganisms that are the
cause of the infection.

3. Areas of dead tissue that appear as a result of throm-
botic changes in the microcirculation.

4. Multiple clots that lead to local swelling of the tis-
sue and as a result hypoxia — despite the larger blood
vessels maintaining correct blood flow [3-5].

PATHOPHYSIOLOGY

Anaerobic infections usually progress in two
stages. In the first stage, infection by aerobic microor-
ganisms creates an anaerobic environment in the ab-
scesses that form. One exception is the expansion of
Clostridium bacteria, which spread in the form of an
exogenic infection without the participation of other
aerobes. Clostridium bacteria survive in the form of
spores in environments rich in oxygen (soil, hospitals),
and only an injury with an infected wound or dam-
age to the mucous membrane of the large intestine (a
source of endogenous anaerobic bacteria) favours the
development of anaerobes. A specific pathogenic pro-
cess is then activated due to the production of exotox-
ins (C. perfringens — gas gangrene, C. fetani — tetanus,
C. botulinum — food poisoning, C. difficile — infection
of the large intestine) [21, 28-30].

These toxins are proteins with a high molecular
weight, and cause the majority of clinical symptoms.
The most well-known is the o — toxin produced by
Clostridium perfringens. This toxin causes necrotic
changes to tissue and haemolysis. The main capture
point of o — toxins are myocytes (myolysis), erythro-
cytes (haemolysis), thrombocytes (blood clotting dis-
order) and kidney tubule cells (haemoglobinuria). The
other Clostridium toxins are B, §, T — [22, 31, 32].

Anaerobes that do not create endospores are less
virulent that Clostridium as they do not produce such
powerfully acting toxins. These are opportunistic strains
that evolve in the form of pathogens under the influence
of suitable circumstances. The substances they release
are also responsible for the formation and development



Fulminant soft tissue infections caused by anaerobic bacteria

of necrotic changes, i.e. procollagenase (breakdown of
subcutaneous tissue, forcing a path for penetration into
the interfascial spaces), and coagulase (clotting within
the capillaries). Bacteroides strains form mucopolysac-
charide capsules, which protect them from phagocyto-
sis. Forcing in only isolated capsules may contribute to
the formation of abscesses. At the same time they can
limit the activity of Polymorphonuclear Leukocytes

(PMN), reducing their opsonisation abilities [5, 31, 32].

An attempt has been made to classify anaerobic in-
fections according to the degree of spread of microor-
ganisms in the body:

1. Very high ‘C’ (frequency of anaerobe isolation
70-100%): gas gangrene, capillary cyst, diabetic
foot ulcers, infection after appendectomy, perianal
abscess, infection after procedures to the large in-
testine, lung abscess.

2. High (50-100%): aspiration pneumonia, lung ab-
scess, brain abscess, intraperitoneal abscess, subcu-
taneous abscess, oral infections.

3. Low (9-40%): infection of the bones and bone mar-
row, bacteraemia.

4. Very low ‘B’ (1%): urinary tract infection [9-11].

Many different illnesses are conducive to the devel-
opment of anaerobic bacteria. These include: blood ves-
sel diseases (aneurysms, vasculitis, diabetic microangi-
opathy), vasoconstrictor drugs, shock, cold, hematomas,
tissue swelling, trauma or surgery, foreign body, cancer,
anaerobic microbial infection, malnutrition, alcoholism

or immunosuppressive treatment [26, 27].

GAS GANGRENE

Infection is caused by: an open wound, an insuf-
ficiently disinfected wound, contact of the wound with
soil or human or animal faeces, and leaving a foreign
body in the wound. This is particularly true for wounds
resulting from traffic accidents and injuries sustained in
agriculture, that is crushing, damage to the blood ves-
sels or open breakages. Infection can also be caused by
chronic wounds such as diabetic foot (40% of cases),
slow healing ulcers, infection resulting from surgical
procedures (amputation, vascular surgery), iatrogenic
causes (intramuscular injections, use of steroids and
anti-inflammatory drugs), episodic cases of infection
with intestinal flora and from the crotch area. A typi-
cal endogenic infection that initially develops from an
anal abscess is the so-called Fournier’s syndrome. At
first there is reddening and pain around the crotch and
anus, and then there is rapid development of necrotic
changes to the skin including connective tissue to-
ward the stomach, groin, buttocks and thighs. Just as
quickly, a generalised systemic response to the infec-
tion also occurs [19, 20, 26, 27].

Fig. 1. Gas gangrene, infection of wound with Clostridium
perfringens after open fracture of the lower leg.

Fig. 2. Necrosis of tissue in the crotch, anus and buttocks as a
result of Fournier’s syndrome.

i
\., “ e
W
Fig. 3. Necrosis of tissue in the abdomen, groin and scrotum as
a result of Fournier’s gangrene.
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Fig. 4. Necrosis of tissue in the anus and crotch as a result of
Fournier’s gangrene.

Fig. 5. Image of necrosis to the abdominal walls as a result
of clostridial gangrene — infection with Clostridium
perfringens of a postoperative wound.

) 5 ¥ S o4
Fig. 6. Image of an operative wound infected with Clostridium
perfringens during specialist treatment.

=

Fig. 7. Final results of effective treatment of a postoperative wound
infected with Clostridium perfringens — healed skin graft.

The infection develops between 12 and 24 hours
after contamination. Suspicions can be aroused by
a pale, slow-healing wound. Among the first symp-
toms are: sharp, intensifying pain (not proportional to
the size of the wound), loss of awareness, increased
swelling, cold pale skin and small amounts of dis-
charge from the wound. A considerable worsening
of prognosis occurs with the appearance of hypoten-
sion, loss of awareness, yellowing of the skin, ol-
iguria and coagulopathy. When an incision is made
in the wound, a discharge is released and there is a
strong characteristic smell of rotten meat [19-22].

On the X-ray image, bubbles of gas can be seen in
the muscles, as well as a so-called ‘feathering’. The
appearance of gas bubbles is not a specific symptom
as they occur in only 20% of cases. Gas is also pro-
duced by E. coli, Proteus, Areobacter, or can appear
in the wound due to injections or after trauma. The
basis for diagnosis are clinical observation and bacte-
riological tests. Diagnosis should be based above all
on direct samples and the patient’s clinical condition.
However, bacteriological analysis takes time (culture
of anaerobes) and should not be a reason for delaying
intervention [3-5].

There are 6 strains of bacteria that cause gas gan-
grene (C. perfringens, C. novyi, C. histolyticum, C.
sporogenes, C. septicum, C. fallax), however, in 80-
95% of cases C. perfringens is responsible for this
type of infection. The Clostridium type produces spe-
cific exotoxins responsible for thrombus formation,
resulting in disseminated intravascular coagulation
(DIC) and shock with renal failure due to rhabdio-
myolysis (Fig. 1) [18-20].

NECROTIZING ANAEROBIC CONNECTIVETISSUE INFECTION

The cause of these infections is mixed flora —
most often grain bacterium (+) and rod bacterium (-).
In 1977, Giuliano isolated 75 strains of bacteria in
16 patients, in particular Streptococcus (15), Bacte-
roides (10) and Peptostreptococcus (8). Several years
earlier, in 1972, Stone and Martin did not isolate —
hemolytic streptococci from the wound, but mainly
Bacteroides, Enterococcus and anaerobic rod bacte-
rium (-) [3-5].

The principal cause of infections are trauma to
the skin and mucous membranes caused by: physical
trauma, surgical procedures, infection of pre-existing
wounds (diabetic foot, bedsores, ulcers) or idiopathic
causes (skin scratching, insect bites, tooth extraction,
injections). Specific infections are seen as a result of the
injection of the Prevotella strain in drug addicts [3, 7, §].

Development of the infection occurs within 6-72
hours. Initially, a slight paling of the skin is visible
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around the wound, local paresthesia, followed by a
feeling of stretching around the wound, the appear-
ance of reddening and increasing swelling and pain.
The infection spreads very quickly with an aggres-
sive increase in symptoms. A systemic response to
the infection is seen in the patient that manifests it-
self as: fever, loss of awareness, extreme leucocyto-
sis, coagulopathy, oliguria, and finally multiple organ
failure. Reddening and inflammatory discharges in-
crease locally, while the infected area is warm and
very tender, with the skin becoming tight and swol-
len. Crepitations can also be observed in the tissues,
but decidedly less often than in the case of gangrene.
X-ray results show gas bubbles in the tissue, forming
along the connective tissue and showing the shape
of the muscles. The spread of a local infection to the
whole limb can take less than 36 hours [26, 27].

In 1883, Fournier first described infection of the
genitalia in men. Today, the condition of Fournier’s
gangrene is divided into: Fournier’s disease (no de-
fined starting place of the infection) and Fournier’s
syndrome (beginning of the infection in the rectum or
anus). The dominating symptoms are reddening and
pain in the crotch, rapid necrotic changes to the skin
and connective tissue with an equally rapid spread of
the infection toward the stomach, groin, buttocks and
thighs, and an instant systemic response. A common
cause has become infection of the hair follicles in the
crotch or treatment for haemorrhoids or anal fissure
(Fig. 2-6) [6, 7, 8].

NECROTICINFECTION OF CONNECTIVETISSUE IN THE FACE AND NECK
— LUDWIG'S ANGINA

One factor in this infection is the bacterial flora
of the mouth and throat. At first, the infection af-
fects the tonsils, forming abscesses, and due to the
lack of barrier to the infection, it easily spreads to
the mediastinum, which is extremely dangerous. Ini-
tial symptoms are: a sore throat and (small) swelling
to one side of the underjaw. The red swelling then
spreads dramatically to cover the whole of the lower
jaw. These changes spread to the face, neck, supra-
clavicular area and chest. In the final stage, the in-
fection spreads to the mediastinum (very difficult to
diagnose) the pleurae, lungs and pericardium [3-5].

ANAEROBIC SKIN INFECTION

These infections only affect the skin and subcutane-
ous tissue, and do not spread deep into the connective
tissue. The infection also develops much more slowly.
The most common cause are surgical procedures to the
abdominal wall or chest, drainage of purulent lesions,
ileostomy, colostomy or simply trauma to the skin.

Bacteria from the central area of the changes are
not characteristic for the condition, but those from
the edges are mainly anaerobic microorganisms, non-
hemolytic streptococci (Staphylococcus Proteus, En-
terobacteria, Pseudomonas) and many others. How-
ever, the main strains are streptococci, infection with
which allow other bacterial strains to invade, which
is why the condition was previously named ‘progres-
sive synergistic gangrene’. The patient gradually
starts to complain of increasing pain in the affected
area, a dark red patch appears in the centre of the
affected area surrounded by redness. This is typi-
cally composed of’ peripheral redness, a tender dark
red middle zone and a centre with necrotic changes
spreading in ulcers. The progression of the condition
does not affect the deep connective tissue, and the in-
fection usually develops without complications over
several days or weeks [3-5].

TREATMENT OF ANAEROBIC INFECTIONS

Isolating anaerobes requires appropriate techniques
for collection, transport and cultivation of the microor-
ganisms. If the greatest care is not taken at every stage
of this process, this can lead to implementation of the
wrong therapy. The diagnosis and treatment of an-
aerobic infections is further complicated by their slow
growth and their increasing resistance to antibiotics.
The principal role of antimicrobials is to limit both the
local and general spread of the infection. Of primary
importance are surgical drainage and the cleaning of
necrotic tissue, with additional therapy aimed at im-
proving circulation, limiting blockages and increasing
oxygen supply to the tissue [33, 34].

ANTIBIOTICTHERAPY

For a long time, Penicillin G was the drug of
choice and is still effective against the strain Strep-
tococcus A, as well as Clostridium, Fusobacterium
and Peptostreptococcus. An increase in resistance
(especially in Bacteroides and Prevotella) has forced
modifications to be made in the form of using car-
boxypenicillins, ureidopenicillins and a combination
of penicillin with imidazole derivatives. In the case
of an allergy to penicillin, rifampicin, chlorampheni-
col, and macrolides can be used, as well as clinda-
mycin, which is especially recommended due to its
anti-anaerobic toxin properties [3-5]. For infections
involving many strains, complex treatment is recom-
mended consisting of penicillin, imidazole and ami-
noglycosides. The main reason for this is the consid-
erably reduced effectiveness of Penicillin G against
anaerobes due to the production of f-lactamase by
aerobic strains of bacteria. The majority of authors
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recommend using antibiotics for 3 weeks if there are
no complications [29, 30, 35-37].

SURGICALTREATMENT OF WOUNDS

Formerly, a condition of survival was rapid am-
putation of the limb affected by the infection. Today,
treatment is complex and aims to remove necrosis and
reduce swelling in order to improve microcirculation,
and thus the penetration of antibiotics. Overriding sur-
gical procedures aim at early removal of necrosis from
the wound and making incisions to provide access to
the subcutaneous tissue and connective tissue. Wounds
are also rinsed with antiseptic agents (povidone, chlo-
rhexidine), however the use of hydrogen peroxide is
not recommended as it does not increase the concen-
tration of oxygen in the wound, and also bears the risk
of causing complications in the form of pulmonary
edema and gas embolism [35-37].

After initial surgical treatment of the wound, it is
recommended to reassess it every 8 hours for the first
5 days. In many cases, the necrosis is removed by ad-
ditional rinsing of the wound and drainage. When the
condition of the area has improved (after around 2
weeks), the dressings can be changed daily [1, 4, 5].

USE OF HYPERBARIC OXYGEN THERAPY — HBO

The physiological effect of hyperbaric oxygen
(HBO) on anaerobic soft tissue infections results in: a
direct toxic effect on the anaerobes (lack of antioxidant
system in the anaerobes), an increase in the antibacte-
rial properties of leukocytes as an indirect effect, and
an increase in the activity of certain groups of antibiot-
ics (aminoglycosides). Currently, however, there is no
treatment protocol indicating exactly how many times
the treatment should be conducted, for how long and
what air pressure should be used. The usual procedure
is to use 2.5 ATA for at least 60 minutes of breathing
pure oxygen, with the treatment repeated twice a day
(Fig. 7) [38, 39].

PROPHYLACTICS
Mortality from anaerobic infections depends on
the location of the infection (Wattel, Mathieu): ab-

domen and chest — 68%, neck and mediastinum —
50%, abdominal wall — 45%, crotch — 32%, limb
— 18%, neck 12.5%. The consequences of an in-
fection are often affected by such factors as: age,
general bad state of health (alcoholism, diabetes,
cancer), hypothermia, blood coagulation disorders,
renal failure, shock, ARDS and late diagnosed
infection. If there is a risk of anaerobic infection
after an injury where the wound is contaminated
with soil or a foreign body, or after surgical pro-
cedures, it is recommended to conduct 5 to 7 HBO
treatments over 2 to 3 days. However, the effect
of treating anaerobic infections remains unsatisfac-
tory, therefore it is recommended to implement ap-
propriate prophylactics and to take immediate ag-
gressive treatment the moment anaerobic infection
is diagnosed [16, 27, 38-40].

CONCLUSIONS

Statistically, the percentage of anaerobes iso-
lated is higher among outpatients than hospitalised
patients. The use of wide spectrum antibacterial
agents in hospitals means that anaerobes are often
the cause of primary not secondary infections. Such
infections are notable for the relatively serious con-
dition of the patient (toxaemia), with symptoms of
septic shock and fever, in contrast to a seemingly
innocent-looking wound. A characteristic fea-
ture are areas of black necrosis without discharge
of pus, but with a thin discharge accompanied by
crepitations during palpation (crepitation is not
specific only to C. Perfringens infections) and a
typical fetid odour.

Paramedics working in Emergency Response
Teams are often the first to come into contact with
victims. Based on personal and physical examina-
tions, they must decide whether to follow an urgent
or standard procedure in the diagnosis and treatment
of infected wounds. Continual improvement of their
knowledge about soft tissue infections, as well as
an awareness of the potential risks, including death,
can both have an effect on the prognosis for further
treatment of patients.
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Abstract

Rim: To estimate the frequency of medical interventions at passenger airports by calculating the ratio of the number

of medical interventions per 100,000 passengers per year.

Material and methods: The study was planned as a retrospective study based on historical data on medical inter-
ventions at airports in Poland. The five-year period from 2016-2020 was adopted as the research period. The research
was based on questionnaires sent to the authorities of all airports in Poland.

Results: The results were obtained only from 4 certified passenger airports in Poland (out of all 14 certified pas-
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sengers airports in Poland). The rate of medical interventions was estimated. On the basis of data from 5 certified
passenger airports in Poland, the method of providing medical care at airports was characterized in the article.
Conclusions: The medical intervention ratio at Polish airports in 2016-2020 was 9.54 per 100,000 passengers per
year. The COVID-19 epidemic has significantly increased the number of medical interventions at airports.

INTRODUCTION

Air traffic is one of the main forms of human
transport over long distances. Until the COVID-19
pandemic, the number of passengers transported in-
creased every year, also increasing passenger traffic
within airports. As the number of people in airports
and airplanes increases, so does the number of med-
ical incidents requiring medical assistance.

The airport is a very specific place for medical
activities, mainly because of the security procedures
that can restrict access to certain locations and make
it difficult to carry medical equipment and drugs [1].
Polish aviation law provides for the obligation to
provide an appropriate type of first aid or medical
aid depending on the number of passengers served.
This aid should be provided at all times during air-
port opening hours [2, 3].

THE AIM

The main aim of the study was to estimate the
frequency of medical interventions at passenger
airports by calculating the ratio of the number of
medical interventions per 100,000 passengers per
year. The presentation of such a ratio may allow
for planning the demand for organized medical as-
sistance at airports. Additional objectives of the
work were to characterize the method of organ-
izing medical assistance in individual airports in
Poland.

MATERIAL AND METHODS

The study was planned as a retrospective study
based on historical data on medical interventions at
airports in Poland. The five-year period from 2016-
2020 was adopted as the research period.

The study was approved by the Bioethics Com-
mittee of the Medical University of Warsaw, number
AKBE / 114/2021.

The survey was carried out in the second half of
2021, when letters were sent to all 14 certified pas-
senger airports in Poland, asking them to answer
questions about the number and type of medical in-
terventions at the airport, the number of passengers
served and how to ensure the implementation of tasks
in the field of emergency medical services (including
the number and type of personnel employed, number
of ambulances and ambulatory rooms). Annual ag-
gregated data were requested.

Due to the expectation of anonymization of the
answers of some respondents, all data was presented
in the study in a combined manner, so that it was not
possible to identify the airport which provided the
answer and which did not.

The MS Excel 2019 software and the Statistica 13
package were used to perform the statistical work.

RESULTS
Responses were collected from August 2021 to
the end of 2021. Of all 14 Polish passenger airports
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Fig. 1. Number of medical interventions per 100 000 passengers per year.

surveyed, only 7 (50%) of any responses were ob-
tained. Only 3 airports provided complete answers to
the questions asked, two provided partial data, and
the remaining 2 either refused to provide data or did
not have data available. Based on the data obtained
from 4 Polish airports, it was possible to prepare for
analysis data for the years 2016-2020, which include
the total number of interventions — 2536 over 5 years
with 26 583 653 passenger traffic. On this basis, an
average rate of 9.54 medical interventions for every
100,000 passengers per year was calculated.

The obtained average of medical interventions in
the years 2016-2020 amounting to 9.54 was not con-
stant, its values significantly differ in terms of annu-
ally (from 6.67 in 2016 to 39.91 in 2020 — detailed
data are presented in Fig. 1). In 2016-2019, the av-
erage annual number of interventions increased, but
remained at a fairly similar level (max 8.60). It was
only in 2020 that an avalanche increase in the num-
ber of interventions to 39.91 was observed, with a
significantly lower number of passengers in air traffic
in Poland (in 2020 over 70% fewer passengers were
handled in Poland than in 2019) [4]. If the average
for the years 2016-2019 was calculated only (exclud-
ing the pandemic year 2020), the ratio would be 8.13
interventions per 100,000 passengers per year.

Another examined element was the charac-
teristics of organizing medical care at airports in
Poland. Responses were obtained from 5 certified

passenger airports in Poland (out of all 14). In the
smallest airports, assistance was provided by para-
medics employed in the structures of the Airport
Fire and Rescue Services, in larger airports, on the
basis of their own medical entity (a fully-fledged
medical unit). In smaller airports there were no
doctors or nurses employed at all, in larger airports,
even if there were employees other than paramed-
ics, they still worked in ambulances. To facilitate
the provision of assistance at the airports examined,
there are medical centers, but they do not have ded-
icated staff. Assistance there is provided by ambu-
lance staff (basic — only with paramedics or nurses
on board, or specialized with a doctor [5]). If there
was no full medical support at a given airport, state
emergency medical teams were called to transport
the casualty to a emergency department [6] or to a
trauma center [7].

DISCUSSION

It is difficult to try to estimate the frequency of
medical events at airports because the data provided
varies greatly. A Japanese study from Tokyo Narita
Airport in 2002 reported the frequency of medi-
cal interventions as 1 in 4,000 passengers, which
equates to 25 medical interventions per 100,000 pas-
sengers per year [8]. This is significantly more than
the data from this study (9.54 per 100,000 passen-
gers per year), which, however, may be due to the
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fact that, according to the authors, more than 72% of
interventions took place in airport employees. Pol-
ish airports are much smaller and have a less organ-
ized health care system (mostly based on paramed-
ics and fire brigades) than at Tokyo Narita Airport
(permanent doctors at the clinic who may offer help
in less urgent conditions). Data from Bahrain Inter-
national Airport from 2004 reported an even higher
frequency of medical activities (0.12% of passen-
gers required medical assistance, which equates to
a ratio of 120 per 100,000 passengers per year), but
here too the vast majority of cases were classified as
minor cases [9]. At the same time, the data from the
research conducted at International Airport Taoyuan
in Taiwan [10], superimposed on the public data on
the number of passengers [11], make it possible to
estimate the ratio at only 1.66 per 100,000 passen-
gers. However, it should be borne in mind that the
studies from Taiwan included only cases requiring
the use of an ambulance, not cases of outpatient care.

Comparison of the results with the local research
shows that the ratio of 9.54 per 100,000 passengers
per year does not differ significantly from other re-
sults, using a similar methodology. However, it must
not be forgotten that in all the airports surveyed there
were no outpatient clinics with 24-hour operation of
doctors and nurses. The fact that the help was pro-
vided by personnel trained in strictly emergency ac-
tivities, but without the authority to issue prescrip-

tions or referrals for tests, must have had an impact
on a smaller number of medical events than in some
foreign studies.

The data obtained in this study indicate that in
2020 the number of medical interventions at the ex-
amined airports increased significantly, and at the
same time the movement of patients decreased sig-
nificantly. It is impossible not to link this fact to the
global COVID-19 epidemic, which was most likely
responsible for the increase in medical interventions.

LIMITATION OF THE STUDY

Two main limitations of the study have been iden-
tified. First of all, only over 20% of airports in Poland
provided full data (3 out of 14), and another two pro-
vided only partial data. It can be assumed, however,
that medical data from 4 centers are already repre-
sentative for passenger air traffic in Poland. The sec-
ond important limitation of the study is the fact that
2020 was the beginning of the COVID-19 pandemic,
which certainly resulted in an increased number of
interventions with very limited passenger air traffic.

CONCLUSIONS

1. The ratio of medical events to the number of pas-
sengers at Polish airports in 2016-2020 was 9.54 /
100,000 passengers per year.

2. The COVID-19 epidemic has increased the num-
ber of medical interventions at airports.
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