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Preface

The ICU environment is challenging for both patients and staff. The management of critically ill
patients is extremely demanding, and the workload and knowledge level required of staff are high.
ICU nurses are responsible for the care and treatment of patients in an unstable and/or critical clinical
state, assessment of therapies, and the performance of high-intensity interventions. ICU nursing
practice includes crucial clinical decisions based on the best available scientific evidence, clinical
experience, and patient preferences. ICU nurses carry out specific, autonomous, or complementary
interventions of a technical-scientific, managerial, relational, and educational nature; plan healthcare
assistance through scientifically validated tools; and identify, analyze, calculate, and treat risks related
to care provision by systematically evaluating healthcare outcomes. This reprint consists of eleven
chapters, including eight research reports, one review, and two case reports, and is dedicated to the

valuable, hardworking, and respected ICU nursing staff.

Christina Alexopoulou
Guest Editor
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Abstract: Post-traumatic cerebral venous sinus thrombosis (ptCVST) often remains underdiagnosed
due to the non-specific nature of clinical signs, commonly mimicking severe traumatic brain injury
(TBI) manifestations. Early recognition of this rare and potentially life-threatening complication is
crucial for the effective management of severe TBI patients in Intensive Care. The present study
reports the case of a 66-year-old male who was transferred to the emergency department due to
moderate TBI. Initial emergency brain computed tomography (CT) scans revealed certain traumatic
lesions, not necessitating any urgent neurosurgical intervention. During his stay in an Intensive
Care Unit (ICU), multiple transient episodes of intracranial pressure (ICP) values were managed
conservatively, and through placement of an external ventricular drain. Following a series of CT
scans, there was a continuous improvement of the initial traumatic hemorrhagic findings despite
his worsening clinical condition. This paradox raised suspicion for ptCVST, and a brain CT venog-
raphy (CTV) was carried out, which showed venous sinus thrombosis close to a concomitant skull
fracture. Therapeutic anticoagulant treatment was administered. The patient was discharged with
an excellent neurological status. To date, there are no clearly defined guidelines for medical and/or
surgical management of patients presenting with ptCVST. Therapy is mainly based on intracranial
hypertension control and the maintenance of normal cerebral perfusion pressure (CCP) in the ICU.
The mismatch between clinical and imaging findings in patients with TBI and certain risk factors
raises the suspicion of ptCVST.

Keywords: traumatic brain injury; cerebral venous thrombosis; post-traumatic; intracranial hyperten-

sion; clinical and imaging mismatch

1. Introduction

Post-traumatic cerebral venous sinus thrombosis (ptCVST) often remains underdiag-
nosed due to its non-specific nature of clinical signs, commonly mimicking severe traumatic
brain injury (TBI) manifestations [1,2]. Cerebral venous sinus thrombosis (CVST), whether
traumatic or not, constitutes a rare pathological entity, referring to dural venous sinuses
clotting and leading to an impaired venous outflow [3,4]. Most reported rates for CVST
range from 3-5 per million, while ptCVST is generally reported in 7-35% of TBI cases [1,5].
In ptCVST, trauma-induced venous drainage impairment results in elevated intracranial
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pressure (ICP) due to cerebral edema, venous infarctions, intraparenchymal hemorrhage,
or reduced cerebrospinal fluid reabsorption [6,7]. Among the reported risk factors, the pres-
ence of skull fractures, particularly those located close to dural venous sinuses or the jugular
bulb, has most commonly been reported [6,7]. Presently, there are no clearly defined guide-
lines on the medical and/or surgical management of patients presenting with ptCVST [2,8].
Therapy is mainly based on controlling ICP and maintaining normal cerebral perfusion
pressure (CPP) [2,8]. The current literature estimates mortality at around 4-8% [3,9]. The
mismatch between clinical and imaging findings in patients with TBI and certain risk
factors need to raise suspicion of ptCVST. Early recognition of this rare and potentially
life-threatening complication is crucial for the effective management of severe TBI patients.
Therefore, the purpose of the present case presentation and narrative literature review is
to address this important issue for TBI patients and to narratively integrate the various
perspectives regarding ptCVST, along with currently available treatment approaches.

2. Case Presentation

This study’s case presentation concerns a 66-year-old male patient with an unremark-
able past medical history who suffered a moderate traumatic brain injury (TBI) following a
4 m fall. He was immediately transferred to the nearest regional emergency department
with an initial Glasgow Coma Scale of 10 out of 15 and mild hemodynamic instability. The
patient was intubated, and after primary stabilization, he underwent a full-body computed
tomography (CT) scan. Brain and cervical spine CT scans showed several cerebral con-
tusions, pneumocephalus, subdural hematomas, subarachnoid hemorrhage, a fracture of
the petrous portion of the temporal bone (Figure 1a,b), and an undisplaced fracture of the
second cervical vertebra (Category III of Marshall tomographic score; Injury severity score
score of 16). The patient was then transferred to a tertiary hospital intensive care unit with
neurosurgical support due to the severity of his condition. Initial ICP measurements (Natus
Camino intracranial pressure monitoring catheter, Middleton, WI, USA) were less than
6 mmHg. However, he soon developed several episodes of intracranial hypertension, with
ICP measurements as high as 30-35 mmHg, and an external ventricular drain had to be
inserted to resolve the condition.

Figure 1. Computed Tomography (CT) scanning upon admission of the patient. (a) Hyperdense
lesions representing subarachnoid hemorrhage and bilateral cerebral contusions (asterisk). (b) Small
intracranial collection of air below the occipital bone (arrow).

During his stay in the ICU, the patient also developed a cerebrospinal fluid (CSF)
infection, which was successfully treated with broad-spectrum antibiotics. Despite his
worsening clinical condition, the following series of brain CT scans showed continuous
improvement of the initial traumatic hemorrhagic findings. The mismatch between his
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clinical and imaging findings raised suspicion for post-traumatic cerebral venous thrombo-
sis, so the patient underwent a CT venography (CTV) on the 14th day of hospitalization.
The CTV revealed left transverse sinus and sigmoid sinus thrombosis (Figure 2a,b), which
were treated with anticoagulation therapy (high-dose enoxaparin) according to appro-
priate protocols (Supplementary Figure S1). The patient underwent a tracheostomy due
to prolonged mechanical ventilation, and he was then transferred to the Neurosurgical
Department, where a gradual neurological improvement was recorded (GCS of 14/15).
He was discharged after thirty-eight days of hospitalization with only minor neurological
deficits. The patient presented again with cerebrospinal fluid (CSF) rhinorrhea 36 days after
discharge, while new CT scans indicated a bone lesion in the roof of the right ethmoid sinus,
necessitating lumbar drain catheter insertion with a continuous flow target of 7-10 mL CSF
per hour. He was finally discharged after nine days, and no other complications occurred
during his following regular follow-ups.

Figure 2. Computed tomography venography (CTV) on the 14th day in the Intensive Care Unit (ICU)
revealing thromboses in the (a) left transverse and (b) sigmoid sinus (red arrows).

3. Discussion
3.1. Epidemiology

CVST, whether post-traumatic or not, constitutes a rare condition, representing 0.5-1%
of all strokes, with an incidence of around 2-5 cases per million [10-12]. It is more frequent
in younger female patients [9]. Common risk factors include thrombophilia, hormonal-
related factors (oral contraceptives, pregnancy), systemic autoimmune diseases or head and
neck infections, non-cerebral malignancies, or hematological disorders [10,11]. Traumatic
brain injury (TBI) is an underdiagnosed cause of CVST (ptCVST) [1,7,11-15]. The prevalence
of ptCVST, even in patients with mild TBI and with suspicion of sinus injury, seems to
be around 32%, which is primarily related to a fracture adjacent to the sinus involved [6].
Moreover, the superior sagittal sinus is frequently affected, while multiple sinuses seem
to be involved in more than 50% of patients presenting with ptCSVT [16]. Recent reports
suggest that ptCVST is more common in adults than pediatric populations, although other
studies report similar frequencies of this complication for children and adults [7,14,15].

3.2. Prognosis

According to a multicenter study involving 624 patients, CVST has a 30-day morbidity
rate of around 7.7%, regardless of the cause [4]. Furthermore, the 6-month prognosis is
generally poor, with one in five patients experiencing unfavorable outcomes [1]. With
regard to CVST, mortality rates stand at approximately 5%, mainly attributable to complica-
tions related to comorbidities or CVST-related intracranial hemorrhagic events [12]. On the
other hand, ptCVST has been linked to lower mean values of initial Glasgow Coma Scale
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(GCS) scores, as well as higher scores in the Injury Severity Scoring (ISS) and the Rotterdam
CT scoring scales upon admission [4], and has been associated with a mortality rate of
less than 10% [4,6]. The prognosis for ptCVST is influenced by various factors, including
the patient’s age, the specific sinuses affected by CVST, and the ability of the thrombosed
or non-thrombosed sinuses to adapt [2,4,16]. Therefore, it seems that the severity of a
ptCVST depends on its localization and the influenced anatomical structures [4], while
the discrepancy between the clinical course and brain imaging findings of patients might
alert clinicians to rule out ptCVST. Notably, pediatric populations may fare better due to
increased plasticity of the sinuses in younger ages [2,16].

3.3. Signs and Symptoms

Signs and symptoms of ptCVST are highly heterogeneous and can pose a diagnostic
challenge [2,11,16]. Patients who are initially asymptomatic might then develop altered
mental status, various types of headaches, visual disturbances, seizures, and cranial nerve
deficits, indicating ptCVST [11,12]. A change in the type and intensity of headaches
could indicate disease progression or complications, such as subarachnoid or intracranial
hemorrhage, venous infarction, cerebral edema, or brain herniation [11]. Therefore, close
monitoring for level of consciousness alterations or headaches in the post-TBI course
is imperative [11,16]. Moreover, intracranial hypertension is the most common clinical
symptom of acute CVST, traumatic or not [17].

3.4. Diagnosis and Radiological Findings

Non-contrast CT (NCCT) is usually the initial diagnostic tool for TBI, but its sensitivity
for CVST is only 20-43% [10,18]. Therefore, a normal initial CT scan cannot reliably rule out
an active ptCVST [7]. However, certain imaging findings on NCCT, such as skull fractures
near a dural sinus, hematoma, intraparenchymal bleeding or hemorrhage of multiple foci,
contusions, cerebral edema, pneumocephalus, or signs of venous sinus hyperdensity, such
as a cord sign or delta sign, might be suggestive of ptCVST [7,10,11,16]. Thus, early warning
clinical symptomatology that is unresponsive to conservative treatment, combined with
these imaging findings, should always raise strong suspicion for ptCVST [7,10,11,14] and
prompt an emergent contrast-enhanced CTV, which directly detects the venous clot as a
filling defect, or a magnetic resonance imaging (MRI)/magnetic resonance venography
(MRV) to realize a better description of parenchymal defects as well [19]. Future studies will
likely lead to the ultimate guide to patient selection, the best timing, and the appropriate
imaging modality for ptCVST diagnosis [7].

Initial imaging studies on asymptomatic patients always carry the risk of not promptly
diagnosing a silent ptCVST [20]. However, recent reports indicate that the probability of
diagnosing ptCVST increases over time, even 30 days after trauma [7]. Antithrombotic
treatments could not be used at the early stages of TBI. Therefore, a proactive, preventive
strategy involves performing a standard CT-venography (CTV) within 3-7 days after
trauma, when specific indications exist [7]. Delayed imaging studies provide the added
benefit of reassessing any new, previously undetected hemorrhagic lesions or signs of
ptCVST [7,16]. Following these strategies, a patient with mild TBI and negative imaging
after 3-7 days seems to be safe to discharge with regular follow-up visits [7].

3.5. The Anatomy of the Cerebral Venous System

Cerebral veins lack muscular tissue and valves, thus permitting blood to flow bi-
directionally [19,21]. The cerebral venous sinus system is responsible for draining deoxy-
genated blood from the cranial cavity to the cardiovascular circulation [22]. This system
consists of superficial and deep cerebral veins [21,23]. The superficial venous system drains
into the superior sagittal sinus and the cortical veins, collecting blood from the cortex and
outer white matter, whereas the deep venous system comprises the transverse sinuses,
the sigmoid sinuses, the straight sinus, deep cerebral veins, and the subependymal and
medullary veins draining deeper layers of the white matter and basal ganglia [21,23]. Both
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systems mostly drain into internal jugular veins [21,23]. The development of collateral
circulation creates multiple anastomoses that connect cortical veins and could potentially
explain the favorable prognosis of many cases of CVST [19]. The absence of a smooth
muscle layer in cerebral veins allows them to generally remain dilated, making patients
susceptible to venous air embolism during neurosurgical interventions [24].

3.6. Pathophysiology

The most effective way to understand the clinical entity of CVST is through patho-
physiological theories based on Virchow’s triad [7]. First, the endothelium’s architecture
disruption leads to thrombogenic subendothelial tissue exposure, inducing a hypercoagu-
lable state [4,12,19]. The hypercoagulation resulting from blunt head trauma has steadily
been identified as an important intravascular predisposing factor for ptCVST [4,12,19].
This has been attributed to the hypercoagulable condition caused by the acceleration of
thrombin generation and dysfunction of antithrombin or other anticoagulant mechanisms
seen in most trauma patients [2,8]. Moreover, ptCVST can be attributed to stasis caused
by factors outside the blood vessels, such as the outer pressure caused by a hematoma,
seriously impairing cerebral blood flow [16,19]. Compressive skull fractures, epidural
hematomas, and neck collars all induce cerebral blood flow restriction [4,19].

Furthermore, ptCVST leads to venous outflow restriction, resulting in hydrostatic
pressure increments of ascending veins and capillaries, ultimately leading to cerebral
edema, reduced arterial blood flow, venous infarcts, or blood vessel disruptions and
intraparenchymal hemorrhage [16,19]. Venus blood stasis can also induce reduced CSF
reabsorption from arachnoid corpuscles that protrude into venous sinuses, deteriorating
intracranial hypertension [4,17]. Increased venous pressure finally disrupts the blood-brain
barrier (BBB), leading to angiogenic edema, while reduced cerebral blood flow accounts for
cytotoxic edema [16,19]. The cytotoxic and angiogenic edema might lead to subsequent
infarctions or extension of an existing thrombus [16,19]. Recent research suggests that
higher magnitude forces of injury result in more severe thromboses and serious brain
damage [7].

3.7. Risk Factors and Etiology

Venous thromboembolism has been associated with female sex, pregnancy, and the
use of oral contraceptives [16,25-27]. Other confirmed risk factors are thrombophilia,
concomitant neoplasms, infections, postpartum period, systemic diseases, dehydration,
intracranial tumors, hypercoagulation, certain medications, trauma, COVID-19 infection,
or adenovirus vaccines [1,2,15,16]. However, the cause remains unknown in nearly a
third of all cases [15]. Notably, about 20% of CVST cases are associated with thyroid
dysfunction [15,28]. The presence of skull fractures or post-traumatic hematomas close to a
sinus or the jugular bulb is the predominant risk factor for ptCVST [2,4,15,16]. All types of
hematomas are linked to ptCVST, with a recent study demonstrating that nearly all ptCVST
cases had subdural, epidural, or both subdural and epidural subarachnoid hemorrhages or
contusions [4,16]. Trauma severity also constitutes a serious risk factor for the development
of ptCVST, as previously discussed [29].

3.8. Relative Frequency of Venous Sinuses Involved

The frequency of sinuses involved in ptCVST varies in different studies, with recent
research demonstrating that ptCVST most commonly involves the superior sagittal sinus
and often affects more than one sinus [4,7]. According to a recent study, ptCVST more often
affected the anterior, middle, or posterior sections of the superior sagittal sinus, with the
entire sinus involved in a portion of cases [16]. The transverse and sigmoid sinuses, or the
jugular bulb, also seem to be commonly involved in ptCVST, especially following fractures
of the petrous part of the temporal bone, while other usual locations of ptCVST include the
internal jugular vein or the deep veins of the brain [2,4,16].
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3.9. Non-Surgical Treatment Options

Symptomatic ptCVST, even if accompanied by a secondary hematoma, should be
treated according to the American Heart Association, American Stroke Association and Eu-
ropean Federation of Neurological Societies guidelines [4,7]. The goal of treatment, besides
symptomatic patient relief, should also be prophylaxis against thrombus propagation and
complete vessel obstruction, sinus re-tunneling acceleration, the prevention of a new throm-
bus or embolus formation into the circulation, and intracranial hypertension control [4,7,11].
According to the European Stroke Organization guidelines (2017), low-molecular-weight
heparin (LMWH) remains the mainstay of treatment for acute ptCVST [15]. Anticoagulation
therapy guidelines for asymptomatic ptCVST have not yet been standardized [1,2,4,7,16].

In cases of ptCVST, it is essential to adopt a distinct clinical approach due to the risk of
hematoma rebleeding despite the use of prophylactic anticoagulation doses [14,19,30]. The
impact of specific anticoagulation strategies on post-traumatic patients remains quite un-
certain, and currently, there are no established guidelines for the treatment of ptCVST [31].
It is necessary to assess whether these strategies offer potential benefits by reducing the
risk of further thromboembolic events or if they pose a risk of increased rebleeding [7,19].
Evidence indicates that healthcare providers exhibit hesitancy in initiating anticoagulation
therapy for post-traumatic patients [12]. According to a previous study, neurosurgical
patients receiving prophylactic doses of LMWH for thromboembolic prophylaxis may face
a non-negligible risk of bleeding complications [14]. Certain reports stated that around
43% of patients with ptCVST exhibited substantial clinical improvement and vascular
recanalization without anticoagulation therapy [14,30]. Another study reported that hyper-
coagulation has a minor effect on TBI patient outcomes, suggesting that LMWH should
only be considered in selected cases [1]. However, the results of recent meta-analyses
advocate the safety of early anticoagulation therapy for traumatic or non-traumatic CVST,
regardless of the patient’s age [9,14,15,30]. The initiation of enoxaparin following TBI
does not seem to worsen clinical outcomes [31,32] and is currently considered a safe in-
tervention in cases where there is no suspected expanding hemorrhage [33]. The use of
dose-adjusted intravenous heparin for critical TBI patients has been recommended since
the anticoagulant effects of heparin rapidly reverse within a few hours of infusion discon-
tinuation [30]. A recent study revealed minimal adverse events associated with therapeutic
anticoagulation in pediatric patients with ptCVST [34]. Epidural hemorrhage or infections
can mimic ptCVST by compressing and displacing a sinus, and therefore, using multiple
contrast-enhanced imaging planes can aid diagnosis and help avoid complications from
anticoagulation [35,36]. Finally, a recent study reported that even prophylactic doses of
anticoagulation might lead to hemorrhagic complications and suggested preventive mea-
sures with a control CT scan being performed within the first 48 h after the initiation of
treatment [6].

3.10. Surgical and Endovascular Treatment

The optimal antithrombotic therapy for ptCVST is a topic of ongoing debate due to
the lack of clearly defined guidelines to date [2,16,19]. The primary focus of conservative
therapy involves implementing strategies to manage elevated pressure within the skull
and restore blood flow to the brain [13,19,24]. Recent reports suggest that mechanical
thrombolysis with endovascular interventions could be a promising new treatment option
for ptCVST [14,19]. This is especially relevant for patients exhibiting persistent neurological
deficits or coma despite receiving antithrombotic therapies and experiencing significant in-
tracranial hemorrhages [1,2,15,16]. Recent studies have emphasized the increasing evidence
supporting the safety and effectiveness of combining venous angiogram with intravascular
thrombolysis using thrombolytic agents like tissue plasminogen activator (tPA) [14,19].
However, due to the lack of relevant studies, their integration into treatment protocols
has yet to be established [2,19]. In cases where patients exhibit persistent signs of intracra-
nial hypertension, surgical decompression may be considered as a rescue therapy [16,19].
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Nonetheless, recent research has demonstrated that conservative treatment approaches
have produced superior outcomes compared to surgical interventions [11,19].

4. Conclusions

Post-traumatic cerebral venous sinus thrombosis is an uncommon yet potentially
life-threatening complication of traumatic brain injury. The presentation of this clinical
entity closely resembles that of a severe traumatic brain injury, making it challenging to
differentiate. As a result, it is frequently unrecognized. The present research emphasizes the
significance of comprehensive planning for contrast-enhanced CT or MRI scans, particularly
for TBI patients exhibiting warning clinical signs and concurrent skull fractures near
sinuses. Moreover, it is highlighted that the mismatch between clinical and imaging
findings in patients with TBI and certain risk factors should raise suspicion for ptCVST.
In addition, medical practitioners must carefully weigh the potential complications and
contraindications associated with anticoagulant therapy against the risk of untreated
patients experiencing thrombus propagation or fatal cerebral edema.

The current state of knowledge necessitates additional investigations to effectively
integrate treatment recommendations for this contentious subject into standard clinical
procedures. Future algorithms for refractory intracranial hypertension might even suggest
that ptCVST be addressed early in the course of TBI and effectively treated with antico-
agulation therapy so that a possible subsequent patient deterioration or even a salvage
decompressive craniectomy can be prevented. This mainly concerns cases with certain
radiological signs, such as fractures or hematomas adjacent to a sinus, or stable radiological
signs on sequential imaging studies, which do not fully explain a patient’s clinical status.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/healthcare12171743/s1, Figure S1. Timeline of the patient clin-
ical course during his stay in ICU. TBIL: traumatic brain injury; CT: computed tomography; ICP:
intracranial pressure; ABX: antibiotic therapy; EVD: external ventricular device; CLABSI: catheter-
related blood-stream infection; VAP: ventilator-associated pneumonia; CNS: cerebral nervous system;
ptCVST: post-traumatic cerebral venous sinus thrombosis.
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Abstract: Many patients require administering one or more blood components during hospitalisation
in the Intensive Care Unit (ICU). Therefore, nurses” knowledge of who is responsible for immediately
administering blood transfusions, monitoring patients, and identifying and managing transfusion
reactions is crucial. This cross-sectional descriptive-analytical study aimed to assess the knowledge of
ICU nurses in tertiary healthcare institutions about blood transfusion procedures. The questionnaire
about the transfusion procedure was designed and reviewed by experts. The questionnaire consisted
of 29 items divided into three domains. The scores on the knowledge test ranged from 10 to 27.
Generally, 57.7% of nurses had moderate, 23.4% low, and 18.9% high levels of knowledge about
the transfusion procedure. Most nurses answered correctly about refreezing fresh frozen plasma,
verifying the transfusion product, and identifying the patient. Of the nurses, 91.0% would recognise
mild allergic reactions, and 98.2% knew about the supervision of sedated patients. Nurses showed
poor knowledge of the length of usage of the same transfusion system for red blood cells, labelling,
and transfusion administration in febrile patients. Nurses with higher education and longer working
experience had significantly better outcomes (p = 0.000) on the knowledge test. Continuous education
of ICU nurses on safe transfusion usage is recommended.

Keywords: nurses; transfusion; knowledge; intensive care

1. Introduction

Intensive care units (ICU) are units in which intensive and specialised medical and
nursing care to critically ill patients is provided. In these units, an enhanced capacity for
monitoring and multiple modalities of physiologic organ support to sustain life through
life-threatening organ system insufficiency is enabled [1]. During hospitalisation in the ICU,
many patients require the administration of one or more blood components due to ongoing
blood loss or haemostatic disorders [2]. When deciding on red blood cell (RBC) transfusion,
the following should be taken into account: cause and stage of anaemia, patient comorbidi-
ties and age, conditions where there is increased need for oxygen (sepsis), and blood loss [3].
Transfusion trigger is defined as the haemoglobin (Hb) value below which RBC transfusion
is indicated. A restrictive transfusion strategy seeks to maintain a lower haemoglobin level
(70-90 g/L) with a transfusion trigger when the haemoglobin drops below 70 g/L, whereas
a liberal transfusion strategy aims to maintain higher haemoglobin (100-120 g /L), with
a threshold for transfusion when haemoglobin drops below 100 g/L) [4]. Fresh frozen

Healthcare 2024, 12, 720. https:/ /doi.org/10.3390/healthcare12070720 10

https:/ /www.mdpi.com/journal /healthcare



Healthcare 2024, 12, 720

plasma (FFP) is indicated to substitute coagulation factors in individuals receiving mas-
sive transfusions, to reverse warfarin’s effect urgently, to treat known coagulation factor
deficiency, and in cases of thrombotic thrombocyte thrombocytopenia purpura [5]. Platelet
transfusion is usually required in a bleeding patient below a platelet count of 50 x 10 /L
but rarely above 100 x 10° /L. If the values fall between these two, transfusion is considered
in cases of platelet dysfunction, ongoing bleeding, and surgeries such as those in the eye
and brain [5].

According to the literature, approximately 15-53% of ICU patients receive transfu-
sions [6]. In the United States, in 2021, more than 1.7 million red blood cell units were
transfused in ICUs [7]. However, data on the number of administered blood units and the
incidence of transfusion in ICU patients in Serbia have not been published.

Blood and blood components perform therapeutic responses and, at the same time,
are capable of causing significant adverse effects, which can lead to the deterioration of
the critically ill patient’s health. The administration of blood products is commonly associ-
ated with transfusion reactions, which occur in up to 1 out of every 100 transfusions [8].
Reports show that the incidence of transfusion reactions of RBCs and FFP is 1.7-4.3 per
100,000 transfusions and 62.6 per 100,000 in platelets [9]. The severity of adverse events
varies from mild, which could include generalised discomfort, fever, tachycardia, rash, and
hypotension, to severe, which could result in anaphylactic reactions and acute haemolytic
reaction (AHTR); these could threaten the patient’s life [10]. Therefore, transfusion of
blood and blood products in the ICU should be considered as administration of any other
medication. Thus, before using the blood and blood components in critically ill patients,
their use’s benefits and risks must be considered [11].

The administration of blood and blood components in the ICU is a multidisciplinary
procedure. The multidisciplinary team consists of an anaesthesiologist-intensivist, transfu-
siologist, and nurse. In the ICU, nurses are responsible for immediate blood transfusions,
monitoring patients, and identifying and managing transfusion reactions [12,13].

There are several levels of education for nurses in Serbia. Four-year secondary medical
schools provide the first level of nursing education, and higher degrees (bachelor’s, master’s
and doctoral) are obtained at university [14]. Theoretical and practical aspects of the
blood transfusion procedure are studied at all levels of education, but to varying degrees.
However, regardless of the level of professional training for independent work in the health
system, nurses in Serbia must have a license issued by the Chamber of Nurses. The license
duration is limited to seven years, and the extension is conditioned by regular attendance
of continuing education courses.

Due to the different levels of education of nurses employed in our institution, assessing
nurses’ knowledge regarding the transfusion of blood and blood products in critically ill
patients is of extraordinary importance in ensuring the safety and effectiveness of the
transfusion procedures. So far, we know that no similar studies have been carried out
in the Republic of Serbia or the southeast region of Europe. Concerning all the issues
mentioned above, the study aimed to assess the knowledge of ICU nurses about blood
transfusion procedures. In addition, we wanted to identify predictors that might influence
their knowledge.

2. Materials and Methods
2.1. Study Design and Settings

A cross-sectional descriptive-analytical study was conducted at the Intensive Care
Unit (ICU) of the Clinic of Anesthesia, Intensive Care and Pain Therapy of the University
Clinical Center of Vojvodina, in October and November 2022. The University Clinical
Center of Vojvodina is one of the regional tertiary healthcare institutions. It provides
healthcare services for the area of Vojvodina (a northern province in Serbia) and has 39 beds
for intensive care to patients who are critically ill or injured.

The study adhered to Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) guidelines.
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2.2. Sample

A purposive sample consisted of Intensive Care Unit nurses. Using sample size
software for cross-sectional studies (www.calculator.net; accessed 1 October 2022), it was
determined that a sample of 111 nurses was required for a 95% confidence interval, with a
margin of error of 0.05.

The criterion for inclusion in the study was that nurses were privileged to direct
patient care, had a minimum of 6 months of work experience in the ICU (Figure 1), and
voluntarily signed written consent to participate in the study.

Nurses in the ICU
- total number
n=154

Excluded:

— < 6 month work experience (n = 19)
— Indirect patient care (n = 5)

A 4
Nurses in the ICU
- according to the mclusion criteria
n=130

— Leave due to vocation (n =7)
— Sickness{n=73)
— Pregnancy leave (n = 4)

Declined to participate (n=3)

le——| — Incomplete data(n=2)

v

Nurses in the ICU
—respondents included in the final analysis
n=111

Figure 1. Flowchart summary of data collected from nursing study participants.

2.3. Instrument

The questionnaire on nurses’ knowledge of the blood transfusion procedure and a
general questionnaire containing data about gender, age, education, and work experience
were used as the study instruments.

The researchers designed the questionnaire on nurses’ knowledge of the blood trans-
fusion procedure based on the World Health Organization (WHO) Clinical Transfusion
Procedure [15], National Guidelines for Clinical Use of Blood [16], and earlier study [17-20].
Before use, the questionnaire was reviewed by a panel of experts consisting of three nurses
with academic education, more than ten years of work experience in the ICU, two doctors,
one specialist in anaesthesia and intensive care, and one specialist in transfusionology.
According to their assessment, the content of the questionnaire was appropriate. The
questionnaire consisted of 29 items divided into three domains about nurses’ knowledge
related to pretransfusion steps (items 1-9) at the beginning of the application of transfusion
(items 10-17), and application of transfusion, transfusion reactions (18-29). Nine items (2, 5,
6,8, 14,16, 19, 25, and 26) had a true—false answer option, while others were multiple-choice
options. Each correct answer is scored with one point. The maximum total score was 29,
9 for the first domain, 8 for the second, and 12 for the third domain of the questionnaire.
A score of less than 15 was considered low, 15 to 22 moderate, and a score equal to or
greater than 23 indicated a high nurse knowledge level about blood transfusion. The
internal consistency was confirmed using the Cronbach’s alpha coefficient (x = 0.72) and
the Spearman—-Brown coefficient (r = 0.79).
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2.4. Data Collection

At the end of the day shift, the researchers distributed paper questionnaires with an
information letter and an informed consent form. The nurses who agreed to participate
in the study had to sign the informed consent form, and after completing the anonymous
questionnaire, nurses had to insert it through the slot into the locked box. In each ICU,
nurses are provided an area to fill in the questionnaire independently. They were asked to
put down their mobile phones, and the time to complete the questionnaire was not limited.

2.5. Data Analysis

Using IBM statistical software, version 26.0, statistical data processing was performed
only for questionnaires where answers were given to all items. Depending on the nature of
the variable, descriptive statistics methods were used to determine absolute frequency with
appropriate percentages, mean values (M), and standard deviation (SD). The difference
between the two groups was compared with the t-test, the Mann—-Whitney test, while
the one-factor analysis of variance (ANOVA) was used to compare the mean values of
several groups. Effect sizes (d and %) were calculated to quantify the obtained differences.
Standard multiple linear regression analysis was used to predict the factors influencing
nurses’ knowledge. For all analyses, p < 0.05 was considered statistically significant.

2.6. Ethical Consideration

The implementation of this study was approved by the Ethics Committee of the
University Clinical Center of Vojvodina (Ref. No. 00-1206/2021). The nurses’ consent to
participate in the study was obtained following the Declaration of Helsinki

3. Results
3.1. Sociodemographic Characteristics of the Study Sample

Most nurses, 93 (83.8%), were female, and 86 (77.5%) had a secondary medical school
diploma. The sociodemographic characteristics of nurses for the whole sample and the
level of professional education are shown in Table 1.

Table 1. Sociodemographic characteristics of the study sample (in total and by level of education).

N (%)

Variable All Nurses SMS BA
Gender
Male 18 (16.2) 17 (19.8) 1 (4.0)
Female 93 (83.8) 69 (80.2) 24 (96.0)
Age (years)
19-28 53 (47.7) 50 (58.1) 3(12.0)
29-38 36 (32.4) 18 (20.9) 18 (72.0)
39-48 19 (17.1) 15 (17.4) 4 (16.0)
>49 3(2.7) 3(3.5) 0(0.0)
Work experience
<1 38 (34.2) 29 (33.7) 9 (36.0)
1-5 36 (32.4) 31 (36.0) 5(20.0)
>5 37 (33.3) 26 (30.2) 11 (44.0)

SMS = Secondary medical school; BA = Bachelor’s Degree.

3.2. Analysis of Nurses” Knowledge of the Blood Transfusion Procedure

Table 2 shows the distribution of correct answers for each item in the questionnaire.
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Table 2. Distribution of nurses’ correct answers to items about knowledge related to blood and blood
products transfusion procedures.

Items Based on Knowledge of Correct Responses n (%)

L. Pretransfusion steps

1. Verification of the medical order for transfusion and patient identification 80 (
2. Data, time, and place of labelling of blood sample test tubes for pretransfusion tests 26 (
3. The blood products transportation from the blood bank to the ICU 88 (
4. The transport of platelet concentrate from the blood bank to the ICU 65 (
5. Thawing of fresh frozen plasma (FFP) 78 (70.3)
6. Storage of red blood cells (RBCs) in a refrigerator 53 (
7. The time within unused blood units can be returned to the blood bank 60 (
8. Refreezing of once-thawed FFP 90 (
9. Blood product with the highest risk of contamination 41 (
II. Initiating the transfusion

72.1)
23.4)
79.3)
58.6)

47.7)
54.1)
81.1)
36.9)

10. Verification of the accuracy of the transfusion product and the patient’s identity 110 (99.1)
11. Vital signs measured before administration of blood and blood products 79 (71.2)
12. A blood product that does not require a system with an integrated filter 90 (81.1)
13. Peripheral venous cannula (PVC) size for routine transfusion in ICU 80 (72.1)
14. Intravenous solution compatible with blood 99 (89.2)
15. Blood transfusion flow rate at the initiation of administration 59 (53.2)
16. The same transfusion administration set can be applied for the transfusion of 2 to 4 units of RBCs. 50 (45.0)
17. Usage of personal protective equipment—self-protection of the nurses from blood-borne infection 67 (60.4)
III. Administration of transfusion and transfusion reactions

18. Flow rate of transfusion after the first 15 min from the start of administration 51 (45.9)
19. Monitoring of a sedated patient in the ICU during transfusion 109 (98.2)
20. Time interval of patient observation in the ICU during transfusion administration 64 (57.7)
21. Safe procedure for drug administration during transfusion of blood and blood products 98 (88.3)
22. Mandatory vital signs measured during transfusion of blood and blood products 54 (48.6)
23. The usage of blood transfusion in the ICU in a febrile patient 18 (16.2)
24. Maximum duration of using a transfusion administration set for continuous transfusion 38 (34.2)
25. The maximum time for transfusion of RBCs 48 (43.2)
26. The procedure with the blood and blood products when they were not applied within the stipulated time 82 (73.9)
27. Symptoms and signs of mild allergic transfusion reaction 101 (91.0)
28. Symptoms and signs of an acute haemolytic reaction (AHTR) 51 (45.9)
29. Initial nursing procedures in AHTR 36 (32.4)

Analysis of individual items from the pretransfusion steps domain showed that most
correct answers were for the item about refreezing fresh frozen plasma (81.1%). The least correct
answers were given to the item about the time and place of filling in the label (23.4%).

Almost all nurses knew how to accurately verify the correctness of the transfusion
product and determine the patient’s identity at the beginning of the transfusion (99.1%).
This item from the domain of initiation of transfusion is also the item with the highest
number of correct answers in the entire questionnaire. Also, more than 50% of nurses
correctly answered seven out of eight items in this domain. Meanwhile, 45% of nurses
were aware that the same transfusion system could be used for 2 to 4 units of red blood
cells (RBCs).

The results related to transfusion administration and transfusion reaction show that
the least correct answers in this domain, and the entire questionnaire, were to the item
about the administration of transfusion in febrile patients in the ICU. In contrast, 91.0% of
nurses correctly marked the first signs of a mild allergic reaction, and 98.2% were sure of
the supervision required by a sedated patient during a transfusion.

3.3. Total Score on the Knowledge Test

The scores on the knowledge test ranged from 10 to 27 (mean 17.70, SD 4.28). The
mean values for each knowledge domain are shown in Table 3.
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Table 3. Score on the knowledge test—mean values of the total score and individual domains.

Knowledge TEST Score Minimum Maximum Mean SD
Total score (0-29) 10.00 27.00 17.70 4.28
Pretransfusion steps (0-9) 2.00 9.00 523 1.58
Initiating the transfusion (0-8) 3.00 8.00 5.71 1.32
Administration of transfusion and 3.00 11.00 6.29 1.9

transfusion reactions (0-12)

SD = standard deviation.

More than half of the nurses (57.7%) had a moderate level of knowledge, 26 (23.4%)
had a low level of knowledge, and 21 nurses had a high level of knowledge about the
transfusion procedure. The data in Table 4 indicate that a low level of knowledge was not
recorded among nurses with more than five years of work experience and a BA.

Table 4. Distribution of nurses according to levels of knowledge about transfusion and sociodemo-
graphic characteristics.

Knowledge Level

Low Moderate High

(0-15) (16-22) (23-29)

n (%) n (%) n (%)
Total 26 (23.4) 64 (57.7) 21 (18.9)
Gender
Male 1(3.8) 17 (26.6) 0(0.0)
Female 25 (96.2) 47 (73.4) 64 (100)
Educational level
SMS 26 (100.0) 59 (92.2) 1(4.8)
BA 0(0.0) 5(7.8) 20 (95.2)
Work experience (in years)
<1 16 (61.5) 16 (25.0) 6 (28.6)
1-5 10 (38.5) 22 (33.4) 4 (19.0)
>5 0(0.0) 26 (46.0) 11 (52.4)

SMS = Secondary medical school; BA = Bachelor’s Degree.

3.4. Univariate Analysis of Mean Values on the Knowledge Test to the Sociodemographic
Characteristics of Nurses

Table 5 shows the differences in mean values on the knowledge test for the entire ques-
tionnaire and according to domains. The results of the Mann-Whitney U test showed that the
observed differences in all domains of transfusion knowledge to gender were not significant.

On the contrary, the t-test confirmed that the observed higher values of the score on the
knowledge test achieved by nurses with higher education differ significantly from those with
secondary education. The differences in the scores for the entire questionnaire and in all domains
of knowledge related to this sociodemographic characteristic were very significant (p = 0.00).
Also, Cohen’s d values indicate a large effect of education on obtained scores.

Nurses with five or more years of work experience had the best knowledge on the test.
The significance of this difference was not confirmed by a one-factor analysis of variance
for the pretransfusion steps domain (p = 0.425). At the same time, the observed differences
for the total score and other knowledge domains were very significant (p = 0.00); according
to Cohen’s d values, they had a large effect.
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3.5. Standard Multiple Regression Analysis of the Effect of Sociodemographic Characteristics on the
Knowledge Test Score

The results obtained by standard multiple regression analysis indicate that our model,
which included the level of education and work experience, explains 60.6% of the variance
in the total score on the transfusion knowledge test (Table 6). Although both variables
make a statistically significant contribution, the highest contribution is made by the level of
education (Beta = 0.710).

Table 6. Standard multiple regression model for the prediction of the total score.

. . . Standardised
Unstandardised Coefficient Coefficient Correlations
t-Value p-Value Part
i SE Beta F p-Value
Constant 5.926 0.986 6.010 0.000
Level Education 7.237 0.617 0.710 11.731 0.000 0.708 83.152 0.000
Work experience 1.461 0.314 0..282 4.661 0.000 0.281

3 = coefficient; SE = Standard Error; F = ANOVA.

4. Discussion

Blood transfusion is a common procedure in the ICU. Many factors contribute to ICU
patients being frequent recipients of allogeneic blood transfusions [11]. During their ICU
stay, 15% to 53% of patients receive a transfusion [6]. The results of a recent international
prospective study conducted in 30 countries where data from 233 ICUs were analysed
showed that 25% of patients received one or more units of red blood cells (RBCs) [7]. Proper
use of blood transfusion and blood derivatives saves lives and improves the health of many
people [15]. Like any therapeutic procedure and transfusion, there are several potential
risks to patient safety. The basis for minimising these risks is that the transfusion is applied
by trained and experienced personnel and by rigorous adherence to the entire procedure
process [21].

More than half of the nurses in this study had a moderate level of knowledge about
blood transfusion. Earlier studies also showed that nurses” knowledge of this procedure
was low or moderate [12,13,17,18,20,22-26]. Since transfusion of blood and blood products
is a multistage procedure, our studies and those mentioned above aim to be used to identify
risky parts of the transfusion process and at-risk populations of blood recipients to ensure
safe blood administration in intensive care units.

One of the first steps in safely and properly administering transfusion involves pro-
viding the right blood to the right patient at the right time [15,16]. The results of our study
showed that almost a third of nurses have adequate knowledge regarding medical orders
and patient identification verification. However, only 26 (23.4%) of our nurses marked
all the data that the label must contain and that the data on the label should be filled
in at the patient’s bedside immediately after taking the blood sample. This step in the
transfusion procedure is extremely important because of the risk that the patient’s blood
sample will end up in the wrong sample test tube. The sample test tube should not be
labelled before taking the sample [15]. When the blood in the sample test tube is not the
blood of the patient whose information is on the label, it can lead to fatal outcomes due to
the transfusion of ABO-incompatible blood [27].

The application of information technology can significantly contribute to reducing
this and other errors related to blood transfusion [12]. Currently, the barcoding system is
commonly used but is slowly being replaced by a radio-frequency identification tag system.
Unfortunately, the price often limits their application [27]. The financial aspects of the
institution where the study was conducted significantly prevent the implementation of
many modern technologies in the entire clinical care process. The application of barcode
technology started a few years ago in certain areas of laboratory diagnostics. However,
this system has not yet covered all segments of patient care during hospitalisation. The
impact of the human factor can be reduced by applying modern technologies, but they
alone cannot completely remove all risks [6,27]. At the same time, a project implemented
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in the Basque Country showed that regional information systems that generate all relevant
information in all stages of the blood transfusion process can significantly increase patient
safety and transfusion efficiency [28]. Considering the results obtained with this research
of our ICU nurses and our institution’s technical (in)ability in order to reduce the risk of
fatal errors in pretransfusion time, multiple interventions should be undertaken, such as
education of nursing staff, raising awareness about the causes and impact of human error
on patient safety, and the rigorous control of the superior nurses [27].

The nurses in our study had a high level of knowledge about transporting blood
from the blood bank to the ICU (79.3%). However, slightly more than half of the nurses
(58.6%) stated that constant agitation is necessary when transporting concentrated platelets
longer than 2 h. Such answers can perhaps be explained by the fact that the service for
the blood bank and the ICU is not far away and that the transfer does not take more than
15 min. At the same time, it should not be overlooked that only a third of the nurses marked
concerted platelets as the derivative with the highest risk for infection. Namely, to preserve
the function of platelets, they are not cooled but stored at a temperature of 22 °C to 24 °C,
which increases the risk of proliferation of bacteria and other microorganisms [15,16].

The obtained results suggest that future activities should increase patient safety dur-
ing blood transfusion and focus on nursing interventions regarding healthcare-acquired
infection (HAI). Moreover, this aspect requires special attention because the risk of HAIs is
twice as high in ICU patients compared to patients from other clinical departments [29].
The high prevalence of invasive procedures and therapeutic modalities, the use of immuno-
suppressive drugs, and the presence of comorbidities significantly contribute to the fact
that patients in the ICU have this level of risk of HAI [30]. According to Edwardson [29],
blood transfusion is one of the factors that can increase the risk of HAIs in the ICU. Nurses
can significantly contribute to the implementation of HAI prevention measures in this, as
well as in other domains of patient care in the ICU. Namely, of all multidisciplinary team
members in the ICU, nurses are more often in direct contact with the patient [30].

Analysis of responses of our ICU nurses about how to thaw FFP and refreeze once-thawed
FFP showed that the nurses in this study had a high level of knowledge. However, our nurses,
as well as nurses in several other studies, did not have enough knowledge about storing other
blood products and returning unused products to the blood bank [18-20,31-33]. Freixo et al. [31],
in a critical analysis of the nurses’ responses, state that this can negatively affect the quality of
blood products and the adequate management of supplies. Namely, two crucial rules for the
storage of blood products are the 30 min rule, the period in which the product must be used
since it is not stored in a temperature-controlled environment, and the 4 h rule, the time within
which the transfusion should be completed [15].

The nurses in our study knew the principles of good practices related to verifying the
blood product’s correctness and the patient’s identity immediately before the start of the
transfusion. Namely, almost all nurses (99.1%) correctly marked all necessary elements
of verification and identification. The same results were obtained in the studies of Uzun
et al. [26]. The literature data indicate that these procedures may be absent in patients
with active bleeding and when nurses start the transfusion after the shift [23,24]. Also, the
reason for the incorrect answer regarding blood product verification was the practice in
which only one nurse performed the check [19]. These findings indicate that potentially
skipping certain procedures would increase the risk for the safe application of transfusion;
that is, the chance that the right blood will not be given to the right patient is increased [23].

Although most patients in the ICU have a central venous catheter in place, the periph-
eral venous cannula (PVC) is also a means of providing vascular access through which
transfusion to critically ill patients can be administered. Based on several criteria, nurses
independently decide on the size of the PVC which will be placed in the patient. The recom-
mendation for the application of routine transfusion of most blood products is that the size
of PVC should be from 20 to 24 gauge (G), while for rapid transfusion, the recommendation
is that the PVC should be of a larger diameter, size 18 to 20 G [34]. For routine use of RBCs,
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a PVC size of 20 to 22 G is recommended due to the reduced risk of haemolysis, and for
rapid transfusion, RBC size should be from 16 to 18 G [15].

More than two-thirds of our ICU nurses correctly answered the item about the size of
the PVC in routine transfusion. The answers of other nurses were consistent with those of
nurses in studies where a few nurses gave the correct answer to this item [20,26]. Namely,
in our study, as in studies of Jogi et al. and Uzun, further analysis determined that nurses
opted for cannulas of a significantly larger diameter, even in a routine, not an emergency,
transfusion. However, although a PVC with a larger diameter will enable faster transfusion
flow, at the same time, it will significantly increase the risk of mechanical phlebitis [34].

The results of our study indicate that ICU nurses and nurses from other clinical
departments generally have a high level of knowledge about solutions compatible with
blood products and how to administer drugs during transfusion. This finding is similar to
previously published research [17,19,23,24,26].

Most standard administrative transfusion sets have integrated filters from 170 to 260 microns,
with a maximum capacity of 4 units of RBCs [34]. Most care systems and transfusion administra-
tion sets are replaced following the manufacturer’s recommendations. In order to prevent the
proliferation of microorganisms, the general recommendation is to change the blood adminis-
tration set for continuous transfusion every 12 h [15,34]. The nurses” knowledge in our study
was deficient about blood administration set replacement when administering 2 to 4 units of
RBCs and during continuous transfusion. Namely, most nurses who did not give the correct
answer (from 2 to 4 units of RBCs and 12 h in case of continuous transfusion) indicated that
regardless of the number of units the patient receives, a new blood administration set is used for
each unit of blood product. From a financial perspective, this practice is questionable because
it additionally increases the costs of the patient’s stay in the ICU. At the same time, it is also
questionable from the aspect of the risk of HAI because with each replacement of the set, the
number of manipulations with the luer extension of the vascular access device (PVC or central
venous catheter) increases.

If signs of transfusion reactions do not appear during the first 15 min of transfusion
administration, the flow rate of 50 mL/h is increased to meet the total administration time [15,34].
In our study, nurses had a low level of knowledge on items about blood transfusion flow rate.
Similar results were obtained in previously published studies [17,18,20,22]. Also, more than half
of the nurses in our study did not correctly answer the item about the maximum time required
for RBC administration. In contrast, a significantly larger number of them (73.9%) answered
that if the time for blood administration has expired (duration of transfusion longer than 4 h),
the administration of blood should be stopped, and the anaesthesiologist—intensivist should
decide whether to prescribe another unit.

It is well known that in the early stage of deterioration of the patient’s condition, as
a response to inadequate oxygenation, the frequency of respiration and pulse increases,
while the values of peripheral oxygen saturation (SpO2) and arterial blood pressure are
without significant changes [35].

We find that the nurses’ level of knowledge regarding assessing vital signs at the
beginning of transfusion administration (71.2%) and monitoring unconscious patients
(72.1%) was satisfactory. However, they had a significantly lower level of knowledge
about the observation time interval (57.7%) and the mandatory vital signs monitored
during transfusion (48.6%). Since this was a multiple-choice item, we observed through
detailed analysis that respiration rate was often not recognised as a vital function monitored
during transfusion. According to the literature data, although it can contribute to the early
recognition of dehydration in a patient, nurses often omit the assessment of breathing in
clinical practice [36]. Such practice increases the risk that the patient’s deterioration is not
recognised in time.

The lowest number of correct answers we received in this study were on the item about
administering a transfusion to a febrile patient. This rate of correct responses may have
been attributed to the fact that nurses do not consider decision-making about therapeutic
procedures as their responsibility, nor collaborative, but solely the physician’s responsibility.
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Adequate patient observation and monitoring of vital signs in all transfusion steps
contribute to early detection and effective treatment of transfusion reactions [15]. Most of
our nurses knew that urticarial rash usually occurs with a mild allergic reaction. However,
regarding acute haemolytic reaction (AHTR), a significantly lower number of nurses an-
swered correctly. Namely, 51 (45.9%) nurses correctly marked the symptoms and signs of
AHTR. At the same time, every third nurse (32.4%) answered correctly about the nursing
management of this serious and potentially life-threatening complication. The implication
of the authors of studies where nurses had a knowledge deficit in the domain of the AHTR is
that additional, periodically repetitive education is necessary [17,19]. A similar conclusion
was made in the study of Uzun, where the results showed that the nursing management of
transfusion reactions was well known to nurses [26]. Such a conclusion is not surprising
because patient safety is a key aspect of all procedures during transfusion [15].

According to our results, nurses” education level is a predictor of success on the
transfusion knowledge test: nurses with a higher level of education had significantly better
knowledge about transfusion compared to nurses with a lower level of education. This
correlates with earlier conducted research [13,19,22,25]. Our findings showed that none
of the ICU nurses with a higher level of education had a low level of knowledge about
transfusion. Such results are not surprising from the perspective of the scope of the content
of the programs’ curricula at different levels of education.

Encan and Dubey reported that nurses with more work experience had better knowl-
edge about transfusion [19,22]. We obtained similar results. Working experience was a
significant predictor of transfusion knowledge in our sample. Nurses with five or more
years of work experience had the best knowledge, followed by those with less than one
year and at least one to five years of work experience. In contrast, Panchawagh [32] and
colleagues determined that nurses with one to five years of work experience had signifi-
cantly better knowledge. In the same study, nurses with more than five years of experience
had the lowest level of knowledge. The authors cite forgetting fundamental knowledge as
one of the possible causes [32].

Inadequate knowledge is only one of the barriers to implementing safe transfusion practices.
Hijji et al. [18] suggest that for the maximum application of this practice, it is necessary to
overcome both personal obstacles by developing positive attitudes and many organisational
obstacles, such as the number of nurses and material resources. Smith et al. [37] confirmed that
carefully designed structured transfusion education programs have long-term positive effects.
However, it was revealed that nurses’ knowledge levels did not decrease over time, but their
attitudes about safe transfusion practice changed positively.

Limitations

This study has strengths, such as providing significant data on ICU nurses’ transfusion
knowledge, having a sufficient sample, and having a questionnaire with many items that
panel experts revised, but it has certain weaknesses. First, the study was conducted in only
one institution with a cross-sectional design, which limits the generalisation of the results.
Also, although the study’s authors tried to include as many transfusion-related procedures
of ICU nurses as possible in the questionnaire, some procedures may not be included.

5. Conclusions

The results of this study indicate that most Serbian ICU nurses had a moderate or low
knowledge of transfusion. At the same time, a high deficit of knowledge was determined
for the procedures of marking the blood sample tube, the rate of transfusion flow, the time
of replacement of the transfusion administration set, and the procedures of observation and
nursing management of transfusion reactions. Nurses with a higher level of education and
longer working experience had significantly better knowledge. The results can be the basis
for creating structured continuous education, which would increase knowledge, improve
practice, and reduce risks to patient safety during the transfusion procedure.
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Abstract: This study explored the associations between personality dimensions, burnout, and psy-
chopathology in healthcare professionals in intensive care units (ICUs). This study further aimed to
discern the differences in these relationships when considering the variables of critical care experi-
ence (less than 5 years, 5-10 years, and more than 10 years), profession (nurses versus intensivists),
and the urban size of the city where the ICU is located (metropolitan cities versus smaller urban
cities). This cross-sectional investigation’s outcomes are based on data from 503 ICU personnel,
including 155 intensivists and 348 nurses, in 31 ICU departments in Greece. Participants underwent
a comprehensive assessment involving a sociodemographic questionnaire, the Eysenck Personality
Questionnaire (EPQ), the Maslach Burnout Inventory (MBI), and the Symptom Checklist-90 (SCL-90).
To analyze the interplay among critical care experience, burnout status, and psychopathology, a
moderation analysis was conducted with personality dimensions (i.e., psychoticism, extraversion,
and neuroticism) serving as the mediator variable. Profession and the urban size of the ICU location
were considered as moderators influencing these relationships. Male healthcare professionals showed
higher psychoticism levels than females, aligning with prior research. Experienced nurses reported
lower personal achievement, hinting at potential motivation challenges for professional growth.
Psychoticism predicted high depersonalization and low personal achievement. Neuroticism and
psychoticism negatively impacted ICU personnel’s mental well-being, reflected in elevated psy-
chopathology scores and burnout status. Psychoticism appears to be the primary factor influencing
burnout among the three personality dimensions, particularly affecting intensivists. In contrast,
nurses are more influenced by their critical care experience on their mental health status.

Keywords: personality; burnout; nurses; intensivists; intensive care unit; psychopathology

1. Introduction

The term “burnout” was coined by Freudenberger in 1974, who observed declining
motivation and commitment among mental health clinic volunteers [1]. Maslach further
advanced the concept, creating the widely used Maslach Burnout Inventory (MBI) [2].
According to this framework, burnout syndrome involves emotional exhaustion, physical
fatigue, and cognitive weariness due to prolonged uncontrolled work-related stressors [3].
The syndrome comprises three main dimensions: high emotional exhaustion, high de-
personalization, and low personal achievement [4]. High emotional exhaustion involves
work-related fatigue, marked by feelings of energy depletion, whereas high depersonal-
ization is a defense mechanism, leading to distancing from work through negativism or
cynicism. Low personal achievement reflects frustration with work-related achievements,
resulting in reduced professional efficiency [4].
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Burnout is influenced by enduring personal and environmental stressors, such as
major illness, family difficulties, or persistent adversity [5]. In healthcare, burnout syn-
drome and stress-related disorders are prevalent, impacting various roles like nurses [6,7],
emergency room physicians [8], and intensive care unit (ICU) physicians [9,10]. Mental
health professionals are also susceptible to high levels of burnout syndrome [11] due to
the significant emotional and cognitive stress associated with their profession [12]. Factors
associated with physician burnout include age, sex, marital status, personality traits, ICU
work experience, work environment, workload, shift work, ethical issues, and end-of-life
decision-making [13].

Notably, burnout in physicians is associated with increased risks of major medical
errors, reduced patient care quality [14,15], absenteeism, decreased productivity [16-18],
and impaired team relationships [19], leading to worsened care quality and higher health-
care costs [3,20]. Nurses often experience burnout due to factors like high workload, value
incongruence, low job control, limited decision latitude, poor social climate/support, and
insufficient rewards [21]. A common factor across all professions may be the problem of
aggression faced by healthcare workers. This aggression, whether it comes from patients or
workplace interactions, is considered a precursor to burnout [22-24].

Burnout has emerged as a pervasive issue among healthcare professionals [3]. For
example, Woo et al. [25] found that 11.23% of nurses globally have experienced symptoms
of burnout. In the field of emergency medicine, healthcare workers exhibit a burnout preva-
lence rate of 20-60% [26]. Similarly, 40% of mental health professionals have encountered
burnout [11], and Rotenstein et al. [27] report that 67% of physicians have demonstrated
overall burnout prevalence estimates. In the ICU setting, burnout is reported more preva-
lently among nurses than physicians [28,29], with direct implications for work, personal
functionality, and overall healthcare services [30].

A challenge in current burnout research is the absence of agreed-upon terminology, as
demonstrated by the numerous definitions identified, such as in the comprehensive review
by Rotenstein et al. [27], covering 182 studies and 109,628 individuals across 45 countries.
This lack of consensus leads to widely varying reported prevalence rates, with substantial
fluctuations in burnout rates among physicians and within specific subscales [27]. The
prevalence of burnout in the ICU setting also shows significant variability [13,31].

Personality traits significantly impact burnout experiences under similar work condi-
tions [32]. Utilizing the dimensions of psychoticism (P), extraversion (E), and neuroticism
(N), also known as Eysenck’s PEN model [33,34], this study defines personality through
these three dimensions [35]. The PEN model posits that these dimensions represent funda-
mental aspects of an individual’s personality, influencing their behavior, cognition, and
emotional responses [33,34,36]. Specifically, psychoticism is associated with traits such as
disagreeableness, non-conscientiousness, and a propensity for risk-taking. Extraversion en-
compasses characteristics like sociability, assertiveness, positive emotions, and impulsivity,
while neuroticism involves traits such as anxiety, depression, and self-doubt. Furthermore,
these personality dimensions—P, E, and N—are considered orthogonal [37], indicating no
correlation between them, thus contributing to a comprehensive understanding of various
facets of an individual’s personality [36].

Neuroticism and lower extraversion are commonly associated with elevated burnout
levels among nurses and physicians [29,38-43]. However, there is a notable scarcity of studies
comparing personality traits between nurses and physicians [44], particularly within the ICU
environment. Understanding such distinctions could have far-reaching implications for team
dynamics, patient care, workplace satisfaction, and healthcare system improvement.

Personality differences are observed among rural and urban residents, with environ-
mental factors influencing personality structure and exacerbating feelings of anxiety and
depression [45,46]. Urban characteristics, such as exposure to heavy metals, pesticides,
bisphenol A (BPA), noise pollution, and poor air quality, are linked to mental health condi-
tions [47-52]. In Greek metropolitan areas like Athens and Thessaloniki, high population
density and limited green spaces pose challenges [53]. Despite these, specialized hospitals
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in these regions serve wider areas in southern and northern Greece. The lower nurse-to-ICU
bed ratio in metropolitan hospitals during COVID-19 [54] suggests an added psychological
burden on ICU personnel, raising questions about the mental impact on healthcare workers
in large urban areas compared to smaller cities.

Aim of the Study

This study delves into the intricate connections among socio-demographics, personal-
ity traits, psychopathology, and burnout in ICU personnel. Using a moderated mediation
model, it explores the nuanced interplay involving critical care experience, personality
dimensions, burnout, profession, and hospital location. Critical care experience serves as
the independent variable, with personality dimensions mediating the relationship between
experience and burnout. Additionally, the nurse or intensivist profession and the urban
status of the hospital act as moderators, examining variations based on professional role
and urban size. This design allows for assessing both direct and mediated effects as well as
investigating whether the mediation process varies with moderator variables. In essence,
we tested the moderated mediation model illustrated in Figure 1.

Personality Dimensions |~

L]
Burnout
Psychopathology

Critical Care Experience

Profession
Urban Size ICU Location

Figure 1. Theoretical moderated mediation model. Notes: Personality dimensions are hypothesized
to mediate the relationship between critical care experience and burnout/psychopathology. In
contrast, profession, and urban size of ICU location (and potentially age and sex) are hypothesized to
moderate the relationships within the model.

Among other inquiries, the model addresses the following research questions:

How do personality dimensions differentiate as age increase?

How do personality traits vary between male and female ICU personnel?

What is the relationship between critical care experience, burnout, and psychopathology?
Does the relationship between critical care experience, burnout, and psychopathology
vary depending on the profession or the urban size of the ICU location?

How do personality dimensions and profession interact in predicting burnout?

Does the effect of critical care experience on burnout and psychopathology vary
between nurses and intensivists or between ICU location in small and large cities?

Understanding these connections is vital for theoretical advancement and targeted
interventions to improve the well-being of ICU personnel. This research has the potential
to contribute to tailored support systems, addressing the unique needs of intensivists and
nurses in high-stress environments.
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2. Methods
2.1. Participants and Study Design

This study involved a cross-sectional investigation conducted with a sample of 573 re-
spondents drawn from 31 ICUs in 10 cities across Greece. The sampling process took place
between December 2021 and June 2022. Out of the total 573 ICU personnel, 23 individuals
were excluded from subsequent analysis as they did not fit the roles of nurses or physicians.
Additionally, from the remaining 550 participants, 47 were identified with at least one
missing value in the required demographic or professional characteristics, leading to their
exclusion from further analysis. Consequently, the results presented in this study are based
on data obtained from the remaining 503 respondents, comprising 155 intensivists and
348 nurses.

2.2. Measurements

The participants were asked to anonymously complete a sociodemographic question-
naire, which encompassed necessary personal and professional information. Additionally,
they were required to fill out the adapted to Greek-language versions of the Maslach
Burnout Inventory (MBI) [55], the Eysenck Personality Questionnaire (EPQ) [56], and the
Symptom Checklist 90 (SCL-90) [57].

The MBI, developed by Maslach and Jackson [2], assesses burnout through 22 items
grouped into three subscales: emotional exhaustion, depersonalization, and personal
achievement. Respondents rate each item on a 7-point Likert scale ranging from ‘never’
(0) to “daily” (6). The scale has been translated into Greek and has shown satisfactory
validity and reliability [55]. In this study, we used the established thresholds on the three
subscales, based on the adapted Greek version by Zis et al. [58]. Specifically, burnout was
identified for scores > 34 in emotional exhaustion, >13 in depersonalization, and <29 in
personal achievement.

The EPQ, developed by Eysenck and Eysenck [35], assesses personality traits using a
90-item questionnaire. It measures three primary dimensions: extraversion, neuroticism,
and psychoticism. Respondents rate each item on a binary scale (yes/no response). The
scale has been translated into Greek and has shown satisfactory validity and reliability [56].

The SCL-90, developed by Derogatis [59], assesses a wide range of psychological
symptoms. It comprises 90 questions across 9 subscales, namely somatization, obsessive-
compulsive, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety, para-
noid ideation, and psychoticism. Participants rate items on a 5-point Likert scale ranging
from 0 (not at all) to 4 (extremely) based on distress level. Additionally, three global indices
(global severity index [GSI], positive symptom distress index [PSDI], and positive symptom
total [PST]) summarize psychological distress. The scale has been translated into Greek
and validated for criterion and convergent validity [57]. This study reports data only for
the GSI index, a measure that reflects the overall psychopathology. A higher GSI score
indicates higher levels of psychological distress.

Participants provided verbal informed consent prior to their involvement in the study,
and ethical approval was granted by the Ethics Committee of the University Hospital of
Ioannina (protocol code 3263, dated 1 February 2019). Participants were also assigned
unique identifiers to anonymize their data, and only authorized researchers had access to
the raw data.

2.3. Statistical Analysis

Initial data analysis involved summarizing measures of central tendency and dis-
persion, with means and standard deviations reported for continuous variables and pro-
portions for categorical ones. To compare groups, we employed independent samples
t-tests, chi-squared tests of independence, and one-way ANOVA. To evaluate the internal
consistency and reliability of the utilized scales—namely, the MBI, the EPQ, and the SCL-
90—Cronbach’s alpha analysis was conducted [60]. Additionally, a Pearson correlation
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analysis was executed to examine the correlation matrix, encompassing age, personality
traits, burnout, and psychopathology.

To evaluate the theoretical model, a moderated mediation approach was employed,
wherein the relationship between critical care experience and burnout was mediated by
three personality dimensions, while profession moderated this relationship (Figure 1).
Model 76 of the PROCESS function for R, developed by Hayes [61], was utilized four times:
once for each facet of burnout (i.e., emotional exhaustion, depersonalization, and personal
achievement) [58] and once for the psychopathology, as indicated by the GSI [57]. This
model was chosen for its robust capabilities in handling moderated mediation models [61].

Furthermore, we categorized critical care experience into three groups: less than
5 years, 5-10 years, and more than 10 years. Each group was compared to the preceding
group using a sequential coding scheme [61]. This approach facilitated the comparison
of successive levels of experience and enabled a nuanced exploration of the progressive
nature of phenomena within the ICU setting. In both the moderation analysis of personality
dimensions and the moderation analysis of burnout and psychopathology, main effects
and interaction effects were examined. Bootstrap analysis was conducted to evaluate
the indirect effects of the theoretical model. Unstandardized coefficients (B) and 95%
confidence intervals were reported. Additionally, we reported the R? for each model to
assess the proportion of variance explained. Significant interaction effects were graphically
illustrated. The statistical analysis was conducted under the guidance of a statistician to
ensure accuracy and rigor in the interpretation of results.

A two-sided alpha level of 0.05 was set for determining statistical significance. All
data were analyzed using the R (version 4.2.3) statistical language [62] equipped with the
PROCESS function [61].

3. Results
3.1. Sample Demographics

Among the 503 respondents, nurses were notably younger (39.6 £ 7.8 vs. 45.7 £ 8.1,
t (501) = 7.935, p < 0.001), more likely to be female (74.4% vs. 51.6%, c2(1) = 25.397,
p < 0.001), and had less experience in the ICU environment compared to the intensivists
(c2(2) =20.579, p < 0.001).

3.2. Personality, Burnout, and Psychopathology Profiles

The psychometric scales used in this study demonstrated acceptable internal reliability,
as evidenced by the examination of Cronbach’s alpha (a) coefficient (Table 1) [60]. The
three personality traits were weakly correlated between them, confirming the assumed
orthogonality [36,37]. Additionally, a notable positive correlation was reported between
emotional exhaustion and depersonalization.

Table 1. Correlation between personality traits and burnout facets of the examined sample.

Personality Traits Burnout Facets
. . . . Emotional Deperson- Personal
a Extraversion Neuroticism Psychoticism Exhaustion alization Achievement
P n Extraversion 0.871
erTSOI_‘a ity Neuroticism 0.951 —0.127 %
raits Psychoticism 0.907 —0.180 ** 0.225 **
Emotional 0.839 —0.131 ** 0.370 % 0.133 %

Burnout exhaustion

facets DepeIl;sonalizlation 0.767 —0.078 0.297 ** 0.277 ** 0.624 **

ersona 0.828 0.345 % —0.167 ** —0.349 ** —0.045 —0.128 **
achievement
Global severity index (GSI) 0.99 —0.168 ** 0.476 ** 0.474 ** 0.512** 0.431 ** —0.197 **

Notes: a = Cronbach’s alpha, ** correlation significant at 0.01 level.
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Table 2 presents the descriptive statistics of personality traits, burnout scores, and
psychopathology for the total sample as well as stratified by profession, sex, critical care
experience, and urban size of ICU location.

Table 2. Personality, burnout, and psychopathology of the examined sample.

. . . Urban Size of
Total Profession Sex Critical Care Experience ICU Location
Scale (N =503) Intensivist Nurse Male Female Y:asrs YS;::L 1;;1: Metropolitan Other
(n=155) (M=348) (n=164) (n=2339) m=166) Mm=105) (=232 (n = 309) (n =194)
Age 415(84) 457(8.1) 39.6(7.8) 43.0(88) 41.0(81) 35(64) 42(7.0) 46(71)  41.6(8.5) 414 (8.2)
Personality traits
Psychoticism 58(39) 45(32) 63(40) 63(43) 5537 4931 6645 594.0) 5.8 (4) 5.7 (3.8)
. 12.1 13.2 12.0 11.0
Extraversion 12.2 (4.3) (e 122003 121(42) 122¢3) 5 42) 42) 12.2 (4.2) 12.1 (4.4)
.. 9.85 11.0 11.0
Neuroticism 10.7 (4.5) (4.62) 111 (44) 102 (48) 109 (44) 9.6(4.3) 47) 44) 10.5 (4.3) 10.9 (4.9)
Burnout facets
Emotional 244 26.2 24.8 23.7 25.0 27.0
exhaustion B6ALL) (qpg) (11.2) (11.6) 26(108) (193 (11.0) (11.0) 26(11.2) 25(109)
Depersonalization  10.4(6.6)  10.1(7.0) 106(64) 108(7.0) 103(64) 9.5(6.3) (160'50) (161'7(; 10.8 (6.6) 9.9 (6.6)
Personal 325 30.0 31.0
achievoment 31287)  3B7(71)  30101) 2264 30768 (10.0) ®7) 31.7 (8.4) 30.5 (9.1)
Global severity 0.72 0.96 0.84 0.91 0.71 1.1 0.93
indexGsp 807D (57, 0.77) (0.81) (0.67) ©060) (087 (70 992073 085(070)
Notes: N = total sample size (intensivists and nurses), n = sample size per group, ICU = intensive care unit. Means
and standard deviations are presented.
As shown in Table 3, a total of 129 participants, 38 intensivists and 91 nurses, were
classified as experiencing high emotional exhaustion. Additionally, 195 participants, 43
intensivists and 152 nurses, were identified as having low personal achievement. Further-
more, 188 participants, 59 intensivists and 129 nurses, were categorized as experiencing
high levels of depersonalization (Table 3).
Table 3. Concurrence among burnout facets of the examined sample.
. . N Personal Achievement
Emotional Exhaustion Depersonalization Low (<29) Moderate (30-38) High (>39)
Low (<4) 20 (12/8) D 16 (5/11) 9(4/5)
Low (<16) Moderate (5-12) 13 (7/6) 14 (7/7) 27 (2/25)
High (>13) 5(2/3) 1(0/1) 0(0/0)
Low (<4) 21 (8/13) 25 (11/14) 10 (2/8)
Moderate (17-33) Moderate (5-12) 20 (9/11) 52 (11/41) 48 (8/40)
High (>13) 13 (2/11) 34 (13/21) 46 (14/32)
Low (<4) 2(1/1) 2(1/1) 0(0/0)
High (>34) Moderate (5-12) 2(1/1) 11 (4/7) 23 (3/20)
High (>13) 19 (5/14) 38 (13/25) 32 (10/22)

Notes: 1) frequencies of total sample (frequencies of intensivists/frequencies of nurses).

The profession in the ICU was not related with the status of a high emotional exhaus-
tion (c2(1) = 0.15, p = 0.699) and high depersonalization (c2(1) = 0.045, p = 0.831), while it
was more probable for nurses to report a low personal achievement score (c2(1) = 11.473,
p = 0.001). The GSI was significantly correlated with emotional exhaustion and deper-
sonalization scores and exhibited a negative correlation with the personal achievement
score. Specifically, the GSI was significantly higher among the respondents character-
ized as individuals experiencing high emotional exhaustion (1.37 vs. 0.72, t (501) = 9.508,
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p < 0.001) as well as among those characterized as individuals with high depersonaliza-
tion (1.23 vs. 0.68, t (501) = 8.828, p < 0.001) or low personal achievement (1.05 vs. 0.79,
t (501) = 4.098, p < 0.001).

3.3. Moderation Analysis of Personality Dimensions

The effect of demographics and the experience in the ICU environment on personality
dimensions are presented in Table 4. Age was not found to have a significant effect on
the three personality dimensions. Instead, a sex-based disparity was reported, with male
healthcare professionals demonstrating markedly elevated levels of psychoticism compared
to their female counterparts (M = 6.3 vs. M = 5.5, p < 0.001). A noteworthy main effect
of profession on neuroticism emerged, indicating that nurses exhibited higher levels of
neuroticism in comparison to intensivists (M = 11.1 vs. M = 9.9, p = 0.038).

Table 4. Moderation analysis of personality dimensions of the examined sample.

Neuroticism Psychoticism @ Extraversion ©®

95% C.L 95% C.L 95% C.L
B P Lower Upper B P Lower  Upper B p Lower  Upper
Constant 5283 0028 0562 1000 5157  0.009 1275 9039  11.07 0000 6600 1555
Critical Care Experience
Dy: 5-10 vs. <5 1364 0700 —5598 8326 5543 0058 —1127 0180 0522 0877 —6.073 7.116
Dy: 10-15vs. 5-10  4.231 0194 -2.155 1062  1.642 0539 —3.608 6892 2152 0485 -3.896 8201
Profession 1.693  0.038  0.091 3294 —0289 0666 —1.606 1.027 1721  0.026 0204  3.238
Critical Care Experience x Profession
D; x Profess. —0311 0824 —3.065 2442  3.883  0.001 1620 6147 —1246 0348 —3855 1362
D, x Profess. —0.001 0999 —2556 2554 —0444 0678 2545 1656 —2.074 0.093 —4.494  0.346
Urbansize of ICU 70y gog7  _0e51 2194 0370 0534 —0799 1540 —0325 0636 —1672  1.022
Location
Critical Care Experience x Uban Size of ICU Location
Dy x UrbanSizeof —hag (o080 2615 0424 0663 —1489 2337 0295 0793  —1909  2.499
ICU Location
Dy x UrbanSizeof —_, 10 0046 _4392 —0.040 —0515 0572 —2304 1273 0406 0699  —1655 2467
ICU Location
Age 0.004 0907 —0057 0064 —0027 0289 —0076 0023 —0.006 0824 —0064 0.051
Sex —0.199 0647 —1054 0655 1421  0.000 0719 2123 —0246 0550 —1.055  0.563

Notes: D = duration of critical care experience based on years of experience, B = unstandardized estimates,
p = p-value, C.I. = confidence interval, ICU = intensive care unit, R? = R-squared measure that represents the
proportion of the variance in the dependent variable, significant differences are marked with bold, ) R? = 0.067,
F (10, 492) = 3.531, p < 0.001. @ R? = 0.147, F (10, 492) = 8.491, p < 0.001. ©® R? = 0.062, F (10,492) = 3.342, p < 0.001.

Furthermore, our analysis showed some significant interaction effects (Table 2), which
are further illustrated in Figure 2, Panel A-C. A noteworthy interaction between critical
care experience and urban size of the ICU location concerning neuroticism was observed,
suggesting that ICU personnel in minor cities tend to report higher levels of neuroticism
across all experience levels than those in metropolitan cities, with the greatest difference
seen in the group with more than 10 years of experience (Figure 2, Panel A). Addition-
ally, the analysis revealed a significant interaction between critical care experience and
profession regarding psychoticism and extraversion. Specifically, as experience in the ICU
increases, nurses exhibited higher levels of psychoticism and lower levels of extraversion
(Figure 2, Panel B,C).
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Figure 2. Interaction effects of critical care experience, urban size of ICU location, and profession
on the personality traits in the context of the examined model. Notes: The length of critical care
experience was categorized into three groups: less than 5 years, 5-10 years, and more than 10 years.
(Panel A) Differences in neuroticism were assessed across these groups by the urban size of ICU

Extraversion
= = =

Critical Care Experience

<5 years

location categorized as ‘minor city” and ‘metropolitan city’. Differences in psychoticism (Panel B) and
extraversion (Panel C) were assessed across these groups by the profession categorized as ‘intensivist’
and ‘nurse’. Each dot represents the mean score for the respective group, while the error bars signify
95% confidence intervals.

3.4. Moderation Analysis of Burnout Facets and Psychopathology

The analysis uncovered notable associations between age and various dimensions
of psychological well-being among the participants (Table 5). Specifically, a significant
positive effect emerged between age and the likelihood of experiencing high emotional
exhaustion (B = 0.037, p = 0.027), signifying a 1.4 times increase in the odds of high
emotional exhaustion for each additional decade in the respondents’ age. Conversely, a
negative relationship was identified between age and the likelihood of experiencing low
personal accomplishment (B = —0.050, p = 0.004), suggesting a 0.6 times decrease in the
odds of low personal accomplishment for each additional decade in the respondents’ age.
Additionally, a noteworthy positive association was observed between age and the GSI (B
=0.009, p = 0.020), indicating a 0.09 increase in the GSI score for each additional decade
in the respondents’ age. Furthermore, the personality trait of neuroticism (B = 0.082, p =
0.011) was identified as significant regressor of the GSI score, emphasizing its meaningful
contribution to the overall psychological well-being of the participants (Table 5).
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Additionally, the analysis revealed significant interaction effects (Table 5) between
psychoticism, critical care experience, profession, and the urban size of the ICU location,
which are further illustrated in Figure 3, Panel A-D. Notably, with an increasing duration
of critical care experience, nurses tended to report lower personal achievement scores,
whereas intensivists showed an opposite trend (Figure 3, Panel A). Moreover, the rela-
tionship between psychoticism and psychopathology, as measured by the GSI, varied in
strength depending on the urban size of the ICU location. Specifically, ICU personnel
in larger metropolitan areas exhibited a more robust relationship between psychoticism
and GSI scores than those in smaller urban settings (Figure 3, Panel B). Lastly, there was
a significant association between psychoticism and both low personal achievement and
high depersonalization scores. This relationship was particularly strong among intensivists
when compared to nurses (Figure 3, Panel C,D).
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Figure 3. Interaction effects of critical care experience, profession, and urban size of ICU location on
the probability of burnout symptoms and psychopathology in the context of the examined model.
Notes: (Panel A) The probability of low personal achievement across different levels of critical care
experience for the two professions. Each dot represents the mean score for the respective group, while
the error bars signify 95% confidence intervals. (Panel B) The psychopathology scores against levels
of psychoticism for individuals in metropolitan versus minor cities. The shaded areas around the lines
represent 95% confidence intervals, while the lines show that as psychoticism increased, so did the
psychopathology score, with a stronger effect seen in metropolitan areas. (Panel C) The relationship
between the personality trait of psychoticism and the probability of low personal achievement for
intensivists and nurses. The shaded areas around the lines represent 95% confidence intervals. The
upward trend for both lines suggests that as psychoticism increased, the likelihood of low personal
achievement also increased, with a steeper slope for intensivists than for nurses. (Panel D) The
probability of experiencing high depersonalization against the level of psychoticism for intensivists
and nurses. The shaded areas around the lines represent 95% confidence intervals. The trend indicates
that higher levels of psychoticism were associated with a higher probability of experiencing high
depersonalization. The difference in slopes between the two professions suggests that the effect of
psychoticism on depersonalization was more pronounced in intensivists.
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3.5. Indirect Effects

In the context of the examined model, the bootstrap analysis showed that personality
dimensions did not have a significant indirect effect on the relationship between critical
care experience and both psychopathology and burnout.

4. Discussion
4.1. Personality Dimensions

The three personality traits exhibited weak correlations (Pearson’s r < 0.3), affirming the
assumed orthogonality between psychoticism, extraversion, and neuroticism [36,37,63,64]. The
observation that male healthcare professionals manifested notably elevated levels of psychoti-
cism in comparison to their female counterparts substantiates the hypothesized association with
psychoticism. In contrast, the inconclusive sex differences reported for extraversion align with
analogous evidence in the literature [65,66], irrespective of the specific measurement instrument
employed [36,67].

The extant literature lacks consensus regarding whether nurses lean towards extro-
version or introversion, with several reports suggesting tendencies in either direction [44].
Particularly among ICU nurses, their personality traits were characterized by higher scores
on dominance, rebelliousness, and self-sufficiency, coupled with lower scores on emotional
sensitivity and imagination compared to nurses from other departments [68,69], predomi-
nantly indicative of elevated psychoticism. The observation that, with increasing experience
in the ICU, nurses exhibit higher levels of psychoticism and diminished levels of extraver-
sion further elucidates the reported relations. This suggests that in the high-pressure
environment of an ICU, nurses may develop heightened psychoticism and reduced ex-
traversion as adaptive coping mechanisms in response to stress and the demanding nature
of their roles [70].

This phenomenon may be linked to challenges faced by nurses in establishing effective
communication with patients who often experience objective communication difficul-
ties [71,72] and frequently undergo negative emotional reactions such as frustration, stress,
anxiety, and depression [73,74]. Given that effective human-level interaction forms the
cornerstone of a positive working environment for nurses, it is plausible to posit that
persistent challenges in communication may predispose nurses to heightened feelings of
anxiety, depression, self-doubt, and other negative emotions, contributing to an elevated
psychoticism score. In this context, previous assertions highlighting inferior personality
factors linked to communication skills in ICU nurses compared to hospitalization unit
nurses [75] should not be attributed to systematic personality variance among nurses. In-
stead, it is crucial to recognize that these disparities may originate from substantial barriers
to effective communication [76].

Contrastingly, as experience in the ICU increases, intensivists experience heightened
neuroticism, indicating an increased sense of responsibility and concern for patient out-
comes. However, this also implies a higher emotional and psychosomatic toll in managing
critically ill patients over time in the ICU. Given that elevated neuroticism is typically
associated with an increased risk of mental illness [77] and, on average, poorer outcomes
in terms of health and relationship satisfaction [78,79], a necessity emerges for a more
palliative approach for long-term ICU doctors.

4.2. Burnout and Psychopathology

No overall significant differences were observed between nurses and intensivists re-
garding burnout status, aligning with prior research findings [80,81]. However, this stands
in contrast to other studies [28,29]. This discrepancy in findings might be attributable to the
specific samples and settings of the various studies. In relation to personal achievement, an
inverse relationship between age and the likelihood of a low score status was identified, im-
plying that with increasing age and experience, healthcare professionals acquire enhanced
coping mechanisms for the emotional and physical stressors inherent in ICU settings [82].
However, an intriguing dynamic is suggested by the discovery that intensivists with lower
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ICU experience exhibit a higher probability of reporting low personal achievement com-
pared to ICU nurses with equivalent experience. This pattern is reversed among intensivists
and nurses with greater ICU experience. The origin of this phenomenon remains uncertain
but may be attributed to distinct professional obligations in an ICU setting, with intensivists
typically assuming more leadership and decision-making responsibilities than nurses [83].
Consequently, lower-experience intensivists may find these responsibilities overwhelming
early in their careers, resulting in a sense of lower personal achievement. Nevertheless,
with accumulated experience, they may become more adept at managing complex cases,
leading to an improved sense of accomplishment. Conversely, experienced nurses may
perceive stagnation in their careers, with limited opportunities for advancement, autonomy,
or professional growth. The absence of well-defined career paths can foster a sense of
being trapped in their current position, potentially leading to increased job stress and a
diminished sense of accomplishment [84-86].

Interestingly, a positive correlation was found between age and personal achievement
among ICU personnel, with increasing age associated with a lower likelihood of reporting
low personal accomplishment. This trend suggests that with advancing age, there is a
discernible decrease in reporting low levels of personal accomplishment, indicating that
older ICU personnel may perceive their professional achievements more positively. This
can largely be attributed to the cumulative effect of accrued experience over time in relation
to job satisfaction [87], which ostensibly contributes to a more favorable self-assessment of
accomplishments in the challenging ICU environment. Therefore, the career trajectory of
healthcare professionals in such settings might be characterized by a gradual and steady
increase in personal accomplishment, underpinned by the development of adaptive skills
and psychological resilience.

In contrast, there was a significant negative correlation between age and emotional ex-
haustion and psychopathology, confirming a general trend towards an increased feeling of
emotional exhaustion in older ICU personnel, as reported in various studies [88-90]. This
finding is another manifestation of the mental burden derived from the recent health crisis,
resulting in a significant psychological toll and high burnout rates in the global healthcare
community [81,91,92], particularly among Greek healthcare professionals [93-96]. Accordingly,
the commonly reported notion that accumulated work experience and resulting physical and
mental fatigue contribute to a higher overall psychopathology is confirmed [92,97-99].

The adverse implications of high neuroticism or high psychoticism scores are further
evident in their direct effects on the psychopathology, aligning with prior reports [77,100,101].
Additionally, the added effect of stressors related to urban living, such as long commutes
and a high cost of living, is reflected in the stronger relationship of personality traits like
psychoticism with general psychopathology symptoms. This amplification could be particularly
pronounced in high-stress healthcare settings, where the additional urban stressors can intensify
the psychological impact of already demanding jobs. Studies have shown that environmental
factors like urban living conditions can significantly affect mental health, potentially exacerbating
underlying personality traits [102,103]. Additionally, the role of organizational culture in
hospitals, especially in metropolitan areas, is critical. A less supportive work environment
and limited mental health resources can leave ICU personnel, particularly those with higher
psychoticism scores, more vulnerable to psychological distress and less equipped to cope
effectively. The importance of organizational support in mitigating the impact of stress on
mental health has been emphasized in various studies [104-107].

Secondly, the personality dimension of psychoticism was highlighted as an important
predictor of the probability of high depersonalization and low personal achievement scores,
confirming previous reports [38,108]. Specifically, feelings within the psychotic spectrum,
such as irritability and quick-tempered reactions, a tendency to be suspicious of others’
motives or actions, feelings of restlessness, and general inner tension are valid signs of less
psychological resilience and are significantly associated with a higher likelihood of perceiv-
ing incompetence, unsuccessful outcomes in their work, and a cynical behavior toward
colleagues and patients [109]. Further, the association between psychoticism and lower
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personal achievement and higher depersonalization may be more pronounced among
intensivists due to the increased responsibility and decisional burden associated with their
roles, documented to impact decreased job satisfaction and emotional and psychological
burnout [110,111]. Specifically, psychoticism, with its resilience traits, might influence
how intensivists cope with the emotional challenges, potentially exacerbating the negative
outcomes observed. Furthermore, the hierarchical nature of healthcare settings, combined
with the intense and challenging work environment of the ICU, may amplify the associa-
tion between psychoticism and adverse outcomes among intensivists. Nurses, although
impacted, might not experience the same level of intensity and pressure in their roles.
Finally, this study found that personality traits do not significantly influence the
relationship between critical care experience, psychopathology, and burnout. Essentially,
the direct effects of critical care experience on both psychopathology and burnout are
substantial enough to explain their relationships without the need to consider personality
traits as an explanatory factor. This suggests that the impact of critical care experience on
psychopathology and burnout occurs independently of an individual’s personality traits.

5. Conclusions

This study explored the relationships between personality traits, burnout, and psy-
chopathology among ICU personnel, considering the moderating effect of experience and
workplace setting. Among ICU nurses, increasing experience was correlated with higher
psychoticism and lower extraversion, potentially as a coping mechanism for communication
difficulties. Intensivists with lower ICU experience reported higher burnout. Psychoticism
and neuroticism had direct effects on psychopathology, with stronger relations in metropoli-
tan areas. Psychoticism predicted high depersonalization and low personal achievement,
particularly among intensivists, indicating potential implications for coping with emotional
challenges and adverse outcomes in high-pressure healthcare settings.

The findings underscore the need for a holistic understanding of the psychosocial
dynamics within ICU settings, acknowledging the impact of communication challenges and
the evolving responsibilities of healthcare roles. It is important to note that the repercus-
sions of high levels of burnout and psychopathology among ICU personnel are significant,
impacting both the healthcare professionals themselves [3,6,112] and the quality of patient
care [113]. Research indicates that healthcare personnel experiencing burnout are associated
with adverse patient outcomes. This includes diminished patient safety [114,115], increased
standardized mortality ratios, and prolonged hospitalization durations [116]. Additionally,
there is a correlation between healthcare worker burnout and reduced patient satisfac-
tion [117] as well as an increased incidence of medical errors and malpractice [14,15,113].

Our study, therefore, lays a foundation for future explorations into strategic interven-
tions aimed at establishing specialized training programs and robust support frameworks
within the ICU. These programs and support systems are envisioned to offer both emotional
and professional assistance to ICU personnel, thereby enhancing their ability to effectively
manage the intense stress characteristic of the ICU and urban environment. Such proactive
measures are crucial for maintaining the mental well-being and professional efficacy of
ICU personnel.

Limitations

It is imperative to acknowledge certain limitations in the interpretation and gener-
alization of this study’s findings. Primarily, our results are based on a sample of ICU
personnel from Greece, limiting generalizability beyond populations with similar cultural
backgrounds, such as Mediterranean countries, cautioning against universal application to
regions with distinct social structures. To enhance generalizability, future studies should
include ICU personnel from various regions and cultural backgrounds. Conducting longi-
tudinal research, as opposed to the cross-sectional approach used in this study, could offer
insights into how these relationships evolve over time, particularly how personality traits
interact with burnout and psychopathology in the long run. Additionally, comparing ICU
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personnel in urban versus rural settings, or in different healthcare systems, might reveal
how environmental and systemic factors influence these relationships.

Secondly, the moderated mediation model employed in this research focused on the
relationship between critical care experience, personality traits, burnout, and psychopathol-
ogy. As such, the results are constrained by the specific pathways and variables within this
model. While our study provides valuable insights into these particular associations, it
does not capture the entirety of the complex interactions between personality dimensions
and psychopathology. Other unexplored variables and pathways may exist, and the extent
to which our findings can be extrapolated to a broader context may be limited. Explor-
ing factors such as workplace environment, support systems, and personal life stressors
could provide a more comprehensive understanding of the dynamics at play. Therefore,
future research should consider additional factors and pathways to gain a more compre-
hensive understanding of the complex relationship between personality traits, burnout,
and psychopathology in the context of ICU personnel. Finally, qualitative studies, such as
interviews or focus groups, could provide deeper insights into the personal experiences
and perspectives of ICU personnel, which might be missed in quantitative models.
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Abstract: Leptospirosis is a reemerging zooanthroponosis with a worldwide distribution, though
it has a higher incidence in areas with tropical climate. A characteristic finding of the disease is
its wide spectrum of symptoms and organ involvement, as it can appear either with very mild
flu-like manifestations or with multiorgan failure, affecting the central nervous system (CNS) with
a concomitant hepatorenal dysfunction (Weil’s syndrome) and significant high mortality rate. We
report herein a fatal case of a 25 years old female, previously healthy, with impaired neurological
status. She had high fever and severe multiorgan failure. The clinical data and the epidemiological
factors were not conclusive for the diagnosis, and the first serology test from the cerebrospinal fluid
(CSF) and sera samples were negative. When the repetition of the blood test showed elevated IgM
antibodies, Leptospirosis was the presumptive diagnosis. Although CNS involvement is rare, the
diagnosis should be considered when there is an elevated risk of exposure. The diagnostic protocol
should encompass direct evidence of the bacterium and indirect measurement of antibodies. Timely
detection and management are imperative to forestall complications and fatality associated with
the disease.

Keywords: Leptospirosis; CNS; coma; Weil’s syndrome; case report

1. Introduction

Leptospirosis is a reemerging zooanthroponosis caused by spirochetes of the genus
Leptospira. Different ancient reports from the Far East had described febrile icteric illness,
probably leptospirosis, as a ‘rice field jaundice” in the rice-harvesting Chinese population,
or as “Akiyami (autumn fever)’ in Japan. Moreover, in European texts, the disease was
described as ‘cane-cutter’s disease” or ‘swineherd’s disease’ [1]. In 1886, Adolph Weil in
Heidelberg described leptospirosis as a syndrome with multiorgan manifestations, high
fever, concomitant icterus, enlarged spleen, acute renal impairment, and conjunctivitis. The
causative organism was demonstrated a few years later by Stimson, who identified it by
silver staining the presence of clumps of spirochetes in the kidney tubules of a patient who
died of yellow fever. Stimson named them Spirochaeta interrogans, from their hooked ends
resembling a question mark [1,2].

Though the distribution of leptospirosis is worldwide, an incidence rate of more than
10 cases per 100,000 of the population is recorded in tropical climates and significantly less
(0.1-1 per 100,000) in temperate climates [3]. East Sub-Saharan Africa, the Caribbean, Ocea-
nia, and South East Asia are related, with more than 70% of reported cases of leptospirosis.
While the worldwide prevalence of the disease has remained stable, it tends to occur more
frequently following natural disasters such as flooding or earthquakes. Extended periods
of hot, dry weather can also lead to increased leptospires in freshwater ponds and rivers,
making swimming, canoeing, white water rafting, fishing, and other water sports potential
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risk factors for outbreaks. Young individuals who work in farming and are in contact with
livestock and those exposed to rodents at their workplaces, particularly males, are at a
higher risk of infection [4].

Although any mammal can be an animal reservoir for the organism, small mammals
are the most important maintenance hosts, as they can transfer the pathogen to domes-
tic farm animals, dogs, and humans through urine. The transmission of leptospirosis to
humans occurs by direct exposure to the urine of infected animals or urine-contaminated
water and soil. This can happen through recreational or occupational activities. The contam-
inated water or soil infects humans via abrasions or cuts in the skin, the conjunctiva, or the
gastrointestinal route. Prolonged water immersion can also lead to infection, particularly
if skin abrasion occurs. In rare instances, transmission can also occur through inhalation
of infected water or aerosols through the mucous membranes of the respiratory tract or
following an animal bite [2]. Although human-to-human transmission is uncommon, there
have been reports of transmission during sexual intercourse [5].

Leptospirosis is frequently underdiagnosed as it can manifest through a broad spec-
trum of nonspecific signs and symptoms that involve multiple organs. In certain geographic
locations, a mild, self-limiting, acute febrile illness may be present, while in tropical and
high-risk areas, a severe, life-threatening form with multiple organ failure is described.
Dengue and other hemorrhagic fevers, rickettsial infection, malaria, and even common
bacterial sepsis, can be confused with the initial presentation of leptospirosis. The most
common presentation of the infection is the anicteric form, resembling seasonal influenza,
while icterohemorrhagic leptospirosis, or Weil’s syndrome, represents the most severe form
of the disease with significant morbidity and mortality of 40%. About 10% of the infected
population will develop a severe form of the disease [6].

The incubation period can vary from 2-20 days, with a mean range between 7-12 days.
The disease often has a biphasic clinical presentation with an acute or leptospiremic phase
occurring in the first week, followed by an ‘immune phase’ [7]. During the first phase,
fever, myalgias (especially in the paraspinal muscles with signs of meningism, or the
abdominal muscles), chills, and headache (with retro-orbital pain and photophobia) are
the main nonspecific symptoms. On the third to fourth day, conjunctival suffusion, and
less often a transient skin rash, can be presented. The second phase of the disease is
characterized by IgM production, blood release, and excretion of leptospires in the urine, as
spirochaetes settle in the proximal tubules of the kidney. During this phase of the disease,
most complications can occur depending on the degree of organ involvement and the
virulence of the organism [6]. The exact pathogenetic mechanisms of the most severe form
of the disease are not completely understood yet, and the most severe form of the disease is
thought as a form of vasculitis. The clinical presentation includes jaundice as a prominent
feature, and severe septic shock with multiple acute organ involvement, mainly kidneys,
brain, and lungs. Death is often related to multiple organ failure and diffuse alveolar
hemorrhaging. Leptospirosis involves the nervous system in around 10-15% of the cases,
mainly in the form of aseptic meningitis. However, other atypical forms of nervous system
involvement can also occur, including intracranial bleeding and thrombosis, Guillain—-Barré
syndrome, and ocular manifestations in the form of uveitis and optic neuritis [8]. Diagnosis
of leptospirosis is challenging in many cases. It is based on suggestive clinical symptoms
with a history of risk exposure. Increased clinical suspicion is crucial for the severe form
of the disease. We report herein a case of a 25-year-old female who presented with Weil’s
syndrome and severe brain involvement. Despite targeted therapy, the patient died from
multi-organ failure.

2. Case Description

A 25-year-old female with an unremarkable past medical history was transferred to
the emergency department of a regional insular hospital of Greece after an abrupt loss
of consciousness and a fainting episode in a public place, unconscious with a Glasgow
Coma Scale (GCS) 6/15, febrile (40 °C body temperature), and a macular degenerative
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hemorrhagic rash of the forehead and periocular areas. She was intubated, and a brain
Computed Tomography (CT) scan was performed with unremarkable findings. A lumbar
puncture was performed, and both cerebrospinal fluid (CSF) biochemical and microbi-
ological tests were normal. Specifically, the CSF investigation included the following:
cytology: 10 cells per field of view, 7680 red blood cells per field of view, microbiology:
Gram stain was negative, as was the culture and biochemistry: glucose ratio (CSF/blood)
was 55% (reference range for normal above 50%), and protein was 35 mg/dL (reference
range 15-45 mg/dl); polymerase chain reaction (PCR) for common encephalitis-meningitis
pathogens was negative and included the following: Cytomegalovirus (CMYV), Varicella
Zoster virus (VZV), Herpes Simplex virus 1/2 (HSV1/2), Epstein—Barr virus (EBV), Herpex
virus 6 (HHV6), Enterovirus, Parechovirus, Escherichia coli k1, Haemophilus influenzae, Listeria
monocytogenes, Neisseria meningitidis, Streptococcus agalactiae, Streptococcus pneumoniae, and
Cryptococcus neoformans/gattii.

The patient was initially admitted to the Intensive Care Unit (ICU) of the insular
regional hospital. One day later, she was transferred to the ICU of our University Hospital
for advanced organ support due to clinical deterioration and multiple organ failure. During
her admission, she appeared on substantial hemodynamic instability on norepinephrine
0.5 mcg/kg/min and tachycardia (120 rpm). At that time, aggressive fluid resuscitation,
vasopressor, and empirical broad-spectrum antibiotic therapy (cefepime [Zefepime, Vocate]
2 gr twice per day and vancomycin [Voxin, Vianex] 2 gr continuous infusion) were started
for presumed septic shock. Initial investigations revealed severe thrombocytopenia (8 K/ L,
reference values 150-450 K/uL), elevated creatinine kinase enzyme (CPK = 5520 U/L,
reference values < 172 U/L), elevated international normalized ratio (INR = 2.66, reference
values 0.85-1.2) and D-dimers > 35.20 (reference values 0-0.55 mg/L), low fibrinogen levels
(128.1, reference values 210400 mg/dL), elevated liver function tests (alanine transaminase
362 U/L (reference values < 35 U/L), and aspartate aminotransferase 562 U/L (reference
values < 35 U/L) and mild renal impairment.

On admission to our department, differential diagnosis included a wide range of
diseases which had to be excluded. The main symptoms, laboratory tests, and results for
the first eight days are summarized at Table 1. The patient presented acute liver and renal
failure, severe thrombocytopenia, CNS involvement, and non-generalized rash consisted
of non-palpable purpura localized around the left eye-periorbital and on the left breast
accompanied with ecchymosis.

Laboratory results for autoimmune diseases were as follows: ANA 1:20 (negative,
reference range < 1:20), ANCA 1:80 (negative, reference range < 1:80), RF <10.1 (negative,
reference ratio 0-35 IU/mL), Anti B2-GPI IgM 0.36 (negative, reference range < 12 U/mL),
Anti B2-GPI IgG 1.61 U/mL, reference range < 12 U/mL), C4: 15 mg/dL (reference range
15-47 mg/dL), C3: 88 mg/dL (reference range 87-187 mg/dL), IgM: 74,60 mg/dL (refer-
ence range 25-170 mg/dL), IgG: 765 mg/dL (reference range 701-1600 mg/dL), and IgA:
151 mg/dL (reference range 48-368 mg/dL). Autoimmune diseases, mainly systemic lupus
erythematosus (SLE) vasculitis, were excluded based on negative laboratory results (ANA,
ANCA, etc.) and on the absence of arthritis, generalized rash, and other diagnostic criteria.
Purpura was attributed to the severe underlying thrombocytopenia. The urine sediment
findings were consistent with acute kidney injury without any signs of glomerulonephritis
or interstitial nephritis, and were attributed to the substantial hemodynamic instability
on presentation and possibly during the transfer of the patient. The low complement
levels (54.7 mg/dL, reference values 87-187 mg/dL), as well as the high levels of ferritin
(5066 ng/mL, reference values 4.63-204 ng/mL), were attributed to acute liver failure, and
were restored in the next days of hospitalization. Veno-occlusive disease was excluded by
an abdomen computed tomography angiography (CTA).

A full-body CT scan revealed unremarkable findings, except for ground glass with
concomitant consolidation mainly on the left lung and to a lesser extent on the right
lower lobe. Abdominal organs presented normal on the CT scan without hepatomegaly or
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splenomegaly. All CT scans were performed on a 128-slice CT scanner (Revolution GSI; GE

Healthcare, Chicago, IL, USA).

Table 1. Main symptoms, laboratory tests and results during the first 8 days.

Coma, fever (40 °C), meningism, and a macular

Brain CT scan

N 1

Day 0 degenerative hemorrhagic rash of the forehead Lumbar puncture orma
Hospital in rural area  and periocular areas PCR of CSF for common .

Respiratory failure pathogens Negatlve

Cultures: Blood, Bronchial

Transfer to our hospital specimen, urine Broad

Severe shock serological tests All negative
Day 1 Acute liver and renal failure, severe Blood ImmunoDOT
Our hospital thrombocytopenia, non-palpable purpura Leptospira test

localized around the left eye-periorbital and on ANA ANCA Anti B2-GPI

the left breast accompanied with ecchymosis. IgM Anti B2-GPI IgG All normal

3, C4,IgM, IgG, IgA

Intubated Cdeangiography of brain
Day 2 Hemodynamically stable abdomen All normal

Hi 2 - . Lumbar puncture

igh clinical suspicion of legionella :
Bone marrow biopsy

Analgosedation discontinuation Cytotoxic edema in the
Day 5 Myoclonus Brain MRI context of global

Exophoria hypoxic-ischemic

Coma injury
Day 8 No improvement Blood ImmunoDOT Elevated IgM

Leptospira test

However, no schistocytes were revealed on peripheral blood smear. The blood, urine
and bronchial specimen’s cultures revealed no pathogen. The blood culture system used
was BacT/ALERT, in bottle types BacT/ALERT FA PLUS and BacT/ALERT FN PLUS con-
taining aerobic and anaerobic media, respectively, with adsorbent polymeric resin beads.
The method used for monitoring growth was colorimetric change caused by a drop in pH
from increased CO; levels. Urine cultures were inoculated in Drigalski Agar, Columbia
ANC agar +5% sheep blood and Trypticase™ Soy Agar, BD Diagnostics. Bronchial speci-
mens were inoculated in Columbia agar +5% sheep blood and Chocolate Agar with Vitox.

A broad serological testing was carried out including CMV, Hepatitis A virus (HAV),
VZV, Adenovirus, Parvovirus, Echovirus, Coxsackie, HSV1/2, Measles, Hepatitis C virus (HCV),
Hepatitis B virus (HBV), Human Immunodeficiency virus (HIV), EBV Rickettsia typhi, Rick-
ettsia conorii, Trichinella, Cryptococcus species, Brucella (Wright/Rose Bengal), Treponema (PRP),
Salmonella (WIDAL), Borellia burgdorferi, Bordetella pertussis, Plasmodium, Leishmania, and
Leptospira. All results were negative.

Based on hematologist consultation, a bone marrow biopsy was performed to exclude
acute hemophagocytic syndrome. The peripheral blood smear revealed 88% neutrophils, 5%
lypmphocytes, and 6% monocytes with a total number of 6.400 K/uL WBCs. Schistocytes,
two per field of view and two erythroblasts per field of view were also present. Phagocytosis
in bone marrow was present in the bone marrow smear. The bone marrow biopsy showed
hematopoietic marrow normal, in relation to age and cellularity (the hematopoietic cellular
elements accounted for about 50-55% of the area of myelochores). All three hematopoietic
lines were recognized with a ratio of medullary to rubella 2/1. Normal maturation of
medullary. Normal number of megakaryocytes without appreciable dysplasia. Immature
CD34+ cellular elements corresponding to less than 1% of the marrow, without obvious
fibrosis. Immunohistochemicals (PGM1, CD16) showed increased number of mast cells in
the cytoplasm, in some of which nucleated rubella were observed. There was mild swelling
of the interstitial web.

Treatment with corticosteroids and Immunoglobulin G (Octagam 10%, Octapharma)
as rescue therapy and empirical antibiotic therapy with cefepime (Zefepime, Vocate) and
vancomycin (Voxin, Vianex) for bacterial meningitis was started. Two days later, a new
lumbar puncture was performed. CSF showed leukocytes at 10 cells/mm3, glucose at
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95 mg/dL (reference values 40-70 mg/dL) with a ratio of 58% (normal value above 50%),
and protein at 109 mg/dL (reference values 15-45 mg/dL). Both the CSF culture and PCR
were negative for bacterial or viral pathogens, including CMV, VZV, HSV1/2, EBV, HHYV,
Enterovirus, Parechovirus, Escherichia coli k1, Haemophilus influenzae, Listeria monocytogenes,
Neisseria meningitidis, Streptococcus agalactiae, Streptococcus pneumoniae, and Cryptococcus
neoformans/gattii.

A habit history of frequent spring water consumption reported by her closest contact,
along with the reports of endemic tropical diseases on the island of her residency, raised
the suspicion of leptospirosis infection, although the serological test of the first sample
was negative. Based on that, eight days later, a second blood sample revealed positive
IgM against Leptospira (immunochromatographic assay) and confirmed the diagnosis.
Targeted therapy with 2 g of ceftriaxone intravenously, which was started empirically
on the second day based on high grade of clinical suspicion was completed. On the
5th day, an attempt of analgosedation discontinuation was interrupted as the patient
presented multiple episodes of myoclonus, exophoria, and impaired level of consciousness
(GCS 6/15). A brain magnetic resonance imaging (MRI) revealed findings indicative of
cytotoxic edema in the context of global hypoxic ischemic injury (Figure 1) of the caudate
(white asterisk) and the lentiform (black asterisk) nuclei, bilaterally. On the corresponding
apparent diffusion coefficient map (d), the same areas appeared hypointense.

Moreover, infratentorial leptomeningeal enhancement, most prevalent along the ante-
rior aspect of the temporal lobes (arrows), was observed in axial T1-weighted MR images
without (a and c) and after (b and d) administration of intravenous contrast. The findings
were suggestive of the presence of meningitis/meningoencephalitis (Figure 2).

Despite targeted antibiotic therapy and multiple organ advanced supportive therapy,
she presented no neurological improvement, remaining on a low level of consciousness
and ventilator dependency. Furthermore, her hospitalization was complicated by mul-
tiple episodes of multidrug-resistant bloodstream infections, and ventilation-associated
pneumonia, and ultimately the patients died two months later. Bloodstream infections
were attributed to catheter-related infections and ventilator-associated pneumonias. The
identified pathogens were Pseudomonas aeruginosa multidrug-resistant (MDR) and Acine-
tobacter baumannii MDR, as confirmed by positive blood cultures and bronchoalveolar
lavage specimens. Further analysis revealed Pseudomonas aeruginosa resistance to (3-lactams,
quinolones, and carbapenems, while it exhibited sensitivity to colistin and aztreonam.
Acinetobacter baumannii, on the other hand, demonstrated resistance to carbapenems, col-
istin, aminoglycosides, and ampicillin-sulbactam, with sensitivity noted to minocycline
and intermediate sensitivity to tigecycline (MIC: 4 ng/mL). In response to these findings,
targeted antibiotic therapy was administered based on antibiograms (colimycine Colistin
Norma, tigecycline Tygacil Anfarm, ceftazidime Septax Vianex). Unfortunately, despite
these efforts, the patient succumbed to multiorgan failure, attributed to multiple episodes of
multidrug-resistant bloodstream infections leading to sepsis. The underlying cause of these
recurring infections is believed to be associated with the patient’s prolonged stay in the
ICU, driven by ventilator dependency and a diminished level of consciousness following
the initial insult of leptospirosis.
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Figure 1. Axial diffusion-weighted imaging (a) and apparent diffusion coefficient map (b) at the level
of the convexity, showing increased and decreased signal intensity of the cerebral cortex along both

frontal lobes (arrows), respectively. Axial diffusion-weighted imaging (c) at the level of basal ganglia

reveals symmetrical hyperintensity of the caudate (white asterisk) and lentiform (black asterisk)
nuclei, bilaterally. On the corresponding apparent diffusion coefficient map (d), the same areas
appear hypointense.
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Figure 2. Axial T1-weighted MR images without (a,c) and after (b,d) administration of intravenous
contrast material. An infratentorial leptomeningeal enhancement was noted, most prevalent along
the anterior aspect of the temporal lobes (arrows). The findings were suggestive of the presence of
meningitis/meningoencephalitis.

3. Discussion

Leptospirosis is a significant global health concern, substantiated by a 2017 Chinese
study that documented a case-fatality ratio of 26.89 out of 7587 cases over a decade. Fur-
thermore, Costa et al. approximated that there are 1.03 million cases of leptospirosis each
year worldwide, contributing to an estimated 58,900 deaths. The authors also observed that
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the mortality rate of leptospirosis is equivalent to, or even surpasses, that of hemorrhagic
fever in low-income and tropical countries. They concluded that leptospirosis is a primary
cause of morbidity and mortality among zooanthroponotic diseases [4,9].

According to the Greek National Public Health Organization (GNPHO), in Greece,
leptospirosis is a rare bacterial disease that affects approximately 20 individuals each year,
resulting in an incidence rate of 0.13 to 0.31 per 100,000 population. However, the incidence
rate may differ depending on the geographic region and season. It is important to note
that Leptospirosis is likely underdiagnosed and underreported, which suggests that the
actual incidence rate may be higher than the reported rate [10]. Recent studies conducted in
southwestern Greece have estimated the incidence rate of Leptospirosis to be approximately
1.1 cases per 100,000 population in the area. The increased incidence rate may be attributed
to climate change and the agricultural practices of the local population [11].

The clinical manifestation of the disease varies broadly from mild non-specific symp-
toms to multiple organ failure. Although the severe form of Weil's disease is rare, it can
lead to life-threatening complications. The most common CNS manifestation is aseptic
meningitis, accounting for 5% to 13% of all cases. Nevertheless, myelopathy, Guillain-Barre
syndrome, meningoencephalitis, cerebellitis, cerebral hemorrhage, tremor neuralgia, facial
palsy mononeuritis, movement disorders, and hemiplegia may also occur. Importantly, the
clinical course of CNS in Weil’s syndrome is usually associated with reversible neurological
status [8]. The underestimation of leptospirosis mortality and morbidity rates in various
countries is a topic of significant concern. Hartskeerl et al., have highlighted the absence of
notification and epidemiological efforts as the primary reasons for this underestimation.
Furthermore, the incidence rate of the disease is estimated only among individuals with
severe leptospirosis around the world, leaving out those with milder cases. This exclusion-
ary approach has resulted in a distorted perception of the actual incidence of the disease
globally. The true extent of the impact of leptospirosis must be accurately documented and
reported so that appropriate measures can be taken to address this health concern [12].

We present herein a case of Weil’s syndrome associated with irreversible CNS disease.
The presenting sign of the patient was coma, and she remained on a low conscious level
over the clinical course. The combination of severe thrombocytopenia, altered mental
status, and acute kidney injury raised the suspicion of possible thrombotic thrombopenic
purpura (TTP), but the absence of schistocytes on peripheral blood smear excluded the
diagnosis. The diagnosis of an infection, causing multiorgan failure attributed to dissemi-
nated intravascular coagulation (DIC) in combination with hypoperfusion seemed to be the
most possible diagnosis. A thorough diagnostic process ruled out the most potential causes
of coma, including common causes of bacterial meningitis, acute cerebrovascular accident,
and thrombotic TTP with cerebral involvement. The positive serological test, combined
with clinical data and environmental factors and the exclusion of other causes of coma,
reinforced the diagnosis of leptospirosis with CNS involvement.

Coma as a presenting symptom in Weill’s disease is uncommon. Only 10-15% of
the patients may have a neurological symptom which often remains unrecognized [12,13].
In a small cohort of patients with leptospirosis with CNS involvement, altered senso-
rium and seizures have been reported as the most common neurological symptoms [14].
Two retrospective studies investigated the clinical characteristics in critically ill patients
with severe leptospirosis. Samrot et al. reviewed 55 leptospirosis cases admitted to the
ICU during 1998-2018 in tropical Australia. They reported no significant neurological
signs except headache in 71% of hospital admissions [15]. Delmas et al. reported that a
4% of 134 consecutive leptospirosis cases presented with CNS involvement in the form of
meningitis and encephalitis on admission. The mortality rate (identical for ICU, hospital
mortality, and 28 d mortality) was 6.0% (95% CI, 2.6-11.4, eight patients) [16]. There are
also a few case reports in the literature with CNS manifestation as a primary symptom of
leptospirosis. All the patients suffered from headache, some of them also had symptoms
such as vomiting, fever, and chills [14,17-20]. One patient had sudden onset of paraparesis,
two had seizures, and one patient appeared with decreased responsiveness to commands,
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decreased verbal output, and inability to move his limbs [14,20-22]. Bandara et al. present
two cases of neuroleptospirosis with headache, vomiting, and photophobia [23], and Zhang
et al. reported a case of Leptospirosis-associated meningitis in a patient with sjogren’s
syndrome [24].

In a recent brief report from India, the authors analyzed seven consecutive patients
with neuroleptospirosis admitted to a neurology ward. They had aseptic meningitis due
to Leptospira without any systemic manifestation and they all recovered after antibiotic
therapy with ceftriaxone and doxycycline [25].

In a study conducted in southwestern Greece among 45 patients with leptospirosis,
only one patient presented CNS manifestations, specifically aseptic meningitis [11]. Neuro-
logical manifestations of leptospirosis are rare, and the most common is aseptic meningitis.
The only report that we found in the literature that is similar to our case dates back to
2002 and involves a patient who presented with fever, coma, petechial rash, and conjunc-
tival suffusion. The patient also had low PLTs and altered liver function. Leptospirosis
was suspected, and penicillin and doxycycline were administered on day two despite the
absence of laboratory evidence of leptospirosis. Serum IgM antibodies against Leptospira
were negative, while IgG antibodies were positive. A four-fold increase in the titer of IgG
antibodies confirmed the diagnosis one week later. After an extended stay in the ICU, the
patient eventually passed away from a bloodstream infection [26]. In our case, our patient
had negative IgM and IgG antibodies on the first evaluation upon admission, but after eight
days the IgM antibodies were positive, confirming the diagnosis eventually. Although we
started ceftriaxone on day two due to clinical suspicion, the patient died after two months
in the ICU due to multiple episodes with multidrug resistant bloodstream infections and
ventilator-associated pneumonia without any recovery from brain damage.

Although neuroleptospirosis is rare and coma even rarer, a history of risk exposure
with symptoms such as headache, myalgia, jaundice, aseptic meningitis, and multiorgan
failure will lead to the suspicion of leptospirosis, and appropriate diagnostic tests could
confirm the diagnosis.

Diagnostic procedure includes direct methods of identifying the bacterium and indi-
rect methods such as serological tests. Blood culture is the gold standard and has to be
performed during the first week of the illness. Unfortunately, this is a demanding method
with low diagnostic capability, useful to determine antibiotic sensitivity. PCR has to be
performed in the first week, and shows high sensitivity and specificity. Serological methods
detect antibodies by day six to ten of illness, and during their peak within three to four
weeks. It is useful to measure antibodies with an interval of two weeks to compare them.
This comparison has a high sensitivity and specificity [6].

In our case, the confounding factors of habitual spring water consumption, along
with the reports of endemic tropical diseases on the island of her residency, raised the
suspicion of leptospirosis infection, although the first serology was negative. Based on
that, eight days later, a second blood sample revealed positive IgM against Leptospira
(immunochromatographic assay) and confirmed the diagnosis.

The methodology used for the diagnosis of Leptospira was the GenBio IgM Immun-
oDOT Leptospira test, which is a qualitative enzyme immunoassay that specifically detects
IgM antibodies to Leptospira biflexa (serovar patoc 1). The test is intended for use in serum,
plasma, heparinized whole blood, or finger-stick capillary blood. The microscopic aggluti-
nation test (MAT) is the preferred method, and is the current World Health Organization
standard reference method [27]. The MAT method has high sensitivity and specificity, and
permits the detection of group-specific antibodies. Despite its widespread application,
the MAT method is constrained to highly specialized laboratories capable of maintaining
live, hazardous stock serovar cultures. Criteria for laboratory diagnosis, as outlined by the
Centers for Disease Control and Prevention (CDC), involve the isolation of leptospira from
a clinical specimen, a significant four-fold or greater increase in Leptospira agglutination
titer between acute and convalescent-phase specimens collected at intervals of greater
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than or equal to two weeks, or the visualization of Leptospira in a clinical specimen by
immunofluorescence [28].

Presumptive diagnostic criteria are based on a leptospira agglutination titer equal
to or exceeding 200 in single specimens from clinically symptomatic cases. Alternative
methods for the detection of IgM antibodies during the acute phase, such as enzyme-linked
microplate immunosorbent (ELISA) assays and an indirect hemagglutination (IHA) in vitro
diagnostic procedure, are commercially available and reported to exhibit sensitivity and
specificity comparable to the MAT method [29-31]. It is noteworthy that the MAT method
has not been commercially distributed.

According to modified Faine’s criteria for diagnosis of leptospirosis, our patient had a
score of >25 (Part A, B, C/rapid test), which means that the diagnosis of leptospirosis is
presumptive, with a sensitivity 89.39% and specificity of 58.82%, while the parts A + B + C
/MAT > 1800 and/or PCR had a sensitivity of 98.31% and specificity of 55.05 [30,31].

4. Conclusions

Leptospirosis remains a reemerging zooanthroponosis. Although CNS involvement does
not appear to be the main presenting symptom, legionella still must be excluded in cases of
aseptic meningitis with compatible epidemiological background. A high index of suspicion
and a careful history of exposure is essential in order to consider leptospirosis as a possible
diagnosis and start empirical treatment without waiting for the laboratory confirmation.

Author Contributions: C.A. and E.K.: conceptualization, writing, review and editing; A.P. and S.K.:
data curation, writing, review and editing; K. and M.R.: data curation, writing. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Ethics Committee of the University Hospital of
Heraklion, Crete, Greece approved this publication. Approval number 42654. Date of approval
protocol 19 December 2023.

Informed Consent Statement: Informed consent was obtained from the patient’s father to publish
this paper.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

N

10.

Weil, A. Veber eine eigentiimliche, mit milztumor, icterus und nephritis einhergehende, akute infektionskrankheit. Dtsch. Arch.
Klin. Med. 1886, 39, 209.

Levett, PN. Leptospirosis. Clin. Microbiol. Rev. 2001, 14, 296-326. [CrossRef]

World Health Organization. Human Leptospirosis: Guidance for Diagnosis, Surveillance and Control; No. WHO/CDS/CSR/EPH
2002.23; World Health Organization: Geneva, Switzerland, 2003.

Costa, F; Hagan, ].E.; Calcagno, ].; Kane, M.; Torgerson, P.; Martinez-Silveira, M.S.; Stein, C.; Abela-Ridder, B.; Ko, A.I. Global
Morbidity and Mortality of Leptospirosis: A Systematic Review. PLoS Negl. Trop. Dis. 2015, 9, e0003898. [CrossRef]

Harrison, N.A.; Fitzgerald, W.R. Leptospirosis—Can it be a sexually transmitted disease? Postgrad. Med. ]. 1988, 64, 163-164.
[CrossRef]

Rajapakse, S. Leptospirosis: Clinical aspects. Clin. Med. 2022, 22, 14-17. [CrossRef] [PubMed]

Turner, L.H. Leptospirosis 1. Trans. R. Soc. Trop. Med. Hyg. 1967, 61, 842-855. [CrossRef] [PubMed]

Rajapakse, S.; Rodrigo, C.; Balaji, K.; Fernando, S.D. Atypical manifestations of leptospirosis. Trans. R. Soc. Trop. Med. Hyg. 2015,
109, 294-302. [CrossRef]

Yang, S.; Wu, J.; Ding, C.; Cui, Y.; Zhou, Y.; Li, Y.; Deng, M.; Wang, C.; Xu, K.; Ren, J.; et al. Epidemiological features of and
changes in incidence of infectious diseases in China in the first decade after the SARS outbreak: An observational trend study.
Lancet Infect. Dis. 2017, 17, 716-725. [CrossRef] [PubMed]

National Public Health Organization. Available online: https:/ /eody.gov.gr/disease/leptospeirosi/ (accessed on 20 February 2024).

50



Healthcare 2024, 12, 568

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

Gkentzi, D.; Lagadinou, M.; Bountouris, P.; Dimitrakopoulos, O.; Triantos, C.; Marangos, M.; Paliogianni, F.; Assimakopoulos, S.F.
Epidemiology, clinical and laboratory findings of leptospirosis in Southwestern Greece. Infect. Dis. 2020, 52, 413-418. [CrossRef]
[PubMed]

Hartskeerl, R.A.; Collares-Pereira, M.; AEllis, W.A. Emergence, control and re-emerging leptospirosis: Dynamics of infection in
the changing world. Clin. Microbiol. Infect. 2011, 17, 494-501. [CrossRef] [PubMed]

Panicker, ] N.; Mammachan, R.; Jayakumar, R.V. Primary neuroleptospirosis. Postgrad. Med. ]. 2001, 77, 589-590. [CrossRef]
Mathew, T.; Satishchandra, P.; Mahadevan, A.; Nagarathna, S.; Yasha, T.C.; Chandramukhi, A.; Subbakrishna, D.K.; Shankar, S.K.
Neuroleptospirosis—Revisited: Experience from a tertiary care neurological centre from South India. Indian. ]. Med. Res. 2006,
124, 155-162.

Samrot, A.V,; Sean, T.C.; Bhavya, K.S.; Sahithya, C.S.; Chan-Drasekaran, S.; Palanisamy, R.; Robinson, E.R.; Subbiah, S.K.; Mok,
P.L. Leptospiral Infection, Pathogenesis and Its Diagnosis. A Review. Pathogens 2021, 10, 145. [CrossRef]

Delmas, B.; Jabot, J.; Chanareille, P.; Ferdynus, C.; Allyn, J.; Allou, N.; Raffray, L.; Gatizere, B.-A.; Martinet, O.; Vandroux, D.
Leptospirosis in ICU: A Retrospective Study of 134 Consecutive Admissions. Crit. Care Med. 2018, 46, 93-99. [CrossRef]
Ozdemir, D.; Sencan, L; Yildirim, M.; Giiclii, E.; Yavuz, T; Karabay, O. Andiscriminated aseptic meningitis case between rickettsia
and leptospiral meningitis. Eur. J. Gen. Med. 2008, 27, 573. [CrossRef]

Waggoner, ].].; Soda, E.A.; Seibert, R.; Grant, P.; Pinsky, B.A. Case report: Molecular detection of leptospira in two returned
travelers: Higher bacterial load in cerebrospinal fluid versus serum or plasma. Am. J. Trop. Med. Hyg. 2015, 93, 238. [CrossRef]
Wang, N.; Han, YH.; Sung, ].Y.; Sen Lee, W.; Ou, T.Y. Atypical leptospirosis: An overlooked cause of aseptic meningitis. BMC Res.
Notes 2016, 9, 16-19. [CrossRef] [PubMed]

Bhatt, M.; Rastogi, N.; Soneja, M.; Biswas, A. Uncommon manifestation of leptospirosis: A diagnostic challenge. BMJ Case Rep.
2018, 2018, ber-2018. [CrossRef] [PubMed]

Chang, A.A; Ranawaka, U.K.; Gunasekara, H.; Wijesekera, ].C. A case of primary neuroleptospirosis. Ceylon Med. ]. 2003, 48, 143.
[CrossRef] [PubMed]

Saeed, N.; Khoo, C.S.; Remli, R.; Law, Z.K.; Periyasamy, P.; Osman, S.S.; Tan, H.]J. First reported case of neuroleptospirosis
complicated with anton’s syndrome. Front. Neurol. 2018, 9, 966. [CrossRef] [PubMed]

Bandara, A.G.N.M.K,; Kalaivarny, G.; Perera, N.; Indrakumar, J. Aseptic meningitis as the initial presentation of Leptospira
borgpetersenii serovar Tarassovi: Two case reports and a literature review. BMC Infect. Dis. 2021, 21, 488. [CrossRef]

Zhang, Y.; Zheng, Y. Leptospirosis-associated meningitis in a patient with sjogren’s syndrome: A case report. BMC Infect. Dis.
2023, 23, 778. [CrossRef]

Bismaya, K.; Dev, P.P;; Favas, T.T,; Pathak, A. Neuro-Leptospirosis: Experience from a tertiary center of North India. Rev. Neurol.
2023, 3, 238-243. [CrossRef]

Dimopoulou, I; Politis, P.; Panagyiotakopoulos, G.; Moulopoulos, L.A.; Theodorakopoulou, M.; Bisirtzoglou, D.; Routsi, C.;
Roussos, C. Leptospirosis presenting with encephalitis-induced coma. Intensive Care Med. 2002, 28, 1682. [CrossRef]

Turner, L.H. Leptospirosis II. Trans. R. Soc. Trop. Med. Hyg. 1968, 62, 880. [CrossRef]

Pappas, M.G.; Ballou, R.; Gray, M.R. Rapid serodiagnosis of leptospirosis using the IgM-specific dot ELISA: Comparison with the
microscopic agglutination test. Am. J. Trop. Med. Hyg. 1985, 34, 346. [CrossRef] [PubMed]

Koo, D.; Wharton, M.; Birkhead, G. Case definitions for infectious conditions under Public Health Surveillance. MMWR Recomm.
Rep. 1997, 46, 49.

World Health Organization. Report of the First Meeting of the Leptospirosis Burden Epidemiology Reference Group; WHO Press: Geneva,
Switzerland, 2010.

Bandara, K.; Weerasekera, M.M.; Gunasekara, C.; Ranasinghe, N.; Marasinghe, C.; Fernando, N. Utility of modified Faine’s
criteria in diagnosis of leptospirosis. BMC Infect. Dis. 2016, 16, 446. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

51



@‘ healthcare

Review

Nursing Interventions for Client and Family Training in the
Proper Use of Noninvasive Ventilation in the Transition from
Hospital to Community: A Scoping Review

Jéssica Moura Gabirro Fernando !, Margarida Maria Gaio Marcal 2, Oscar Ramos Ferreira
Larissa Pedreira ° and Cristina Lavareda Baixinho

check for
updates

Citation: Fernando, ].M.G.; Margal,
M.M.G.; Ferreira, O.R.; Oliveira, C.;
Pedreira, L.; Baixinho, C.L. Nursing
Interventions for Client and Family
Training in the Proper Use of
Noninvasive Ventilation in the
Transition from Hospital to
Community: A Scoping Review.
Healthcare 2024, 12, 545.
https://doi.org/10.3390/
healthcare12050545

Academic Editor: Christina

Alexopoulou

Received: 10 January 2024
Revised: 17 February 2024
Accepted: 22 February 2024
Published: 25 February 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://

creativecommons.org/licenses /by /
4.0/).

2,3 4

, Cleoneide Oliveira #,
2,3,6,x%

Hospital Vila Franca de Xira, 2600-009 Vila Franca de Xira, Portugal; jessicafernando@esel.pt

Department of Fundamentals of Nursing, Escola Superior de Enfermagem de Lisboa, Nursing School

of Lisbon, 1600-190 Lisbon, Portugal; margaridamarcal@campus.esel.pt (M.M.G.M.); oferreira@esel.pt (O.R.F.)
3 Nursing Research, Innovation and Development Centre of Lisbon (CIDNUR), 1900-160 Lisbon, Portugal

4 Medical School Estacio Idomed Quixada, University Center Estacio do Ceara, Fortaleza 60035-111, Brazil;
cleo_sbf@yahoo.com.br

Nursing School, Federal University of Bahia, Salvador 40170-110, Brazil; larissa.pedreira@uol.com.br
Center of Innovative Care and Health Technology (ciTechCare), 2414-016 Leiria, Portugal

*  Correspondence: crbaixinho@esel.pt; Tel.: +35-19-33-254-269

Abstract: Noninvasive ventilation is an increasingly disseminated therapeutic option, which is
explained by increases in the prevalence of chronic respiratory diseases, life expectancy, and the
effectiveness of this type of respiratory support. This literature review observes that upon returning
home after hospital discharge, there are difficulties in adhering to and maintaining this therapy. The
aim of this study is to identify nursing interventions for client and family training in the proper use of
noninvasive ventilation in the transition from hospital to community. A scoping review was carried
out by searching MEDLINE, CINAHL, Scopus, and Web of Science. The articles were selected by
two independent reviewers by applying the predefined eligibility criteria. Regarding transitional
care, the authors opted to include studies about interventions to train clients and families during
hospital stay, hospital discharge, transition from hospital to home, and the first 30 days after returning
home. The eight included publications allowed for identification of interventions related to masks
or interfaces, prevention of complications associated with noninvasive ventilation, leakage control,
maintenance and cleaning of ventilators and accessories, respiratory training, ventilator monitoring,
communication, and behavioral strategies as transitional care priority interventions to guarantee
proper training in the transition from hospital to community.

Keywords: noninvasive ventilation; transitional care; training; return home; discharge

1. Introduction

According to the Forum of International Respiratory Societies, respiratory diseases
are one of the main causes of death and disability worldwide. One of the reasons for this
is that 200 million people have chronic obstructive pulmonary disease (COPD), of whom
approximately 3.2 million die every year. This problem is the third most frequent cause of
death around the world. Additionally, asthma, one of the main chronic diseases, affects
roughly 350 million people on the planet [1].

A research study involving 14,127 individuals >40 years of age with COPD observed
that the 5-year mortality of COPD patients was 25.4% (29.9% in males and 19.1% in females).
The mortality rate increased rapidly with age [2]. Furthermore, there are difficulties in the
adherence to noninvasive ventilation (NIV) [3-5].

According to a 2020 report by the National Observatory of Respiratory Diseases, one
of the activities offered by organizations for patients with respiratory disorders is related to
promoting knowledge, information, and literacy in the different pathologies that are part
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of this category [2]. Consequently, and more specifically, it is crucial to educate and train
clients to use NIV since there are individuals that need to continue its use after hospital
discharge in order to promote care continuity, maintain their adherence to the treatment,
and prevent worsening of the disease [1,3,5]. Not accomplishing these tasks implies the
risk of going back to hospital.

The probability of developing several complications associated with NIV increases
proportionally with its duration, client restlessness, and a constant need to adjust the
mask [6]. Therefore, preventing complications by aiming for successful use of NIV is
considered one of the main functions of nurses in the care of clients in critical situations
who require NIV [6].

Complications related to the use of interfaces in NIV are the most frequent. They
include discomfort caused by poor adjustment of masks and the pressure exerted by them
(30% to 50% of cases); the feeling of claustrophobia (5% to 10%), which can trigger client
restlessness; and pressure injuries, mostly in the nasal pyramid (5% to 10%). There are also
complications related to pressure and air flow: dryness of oral and nasal mucosae (20% to
50%), nasal congestion (10% to 20%), and eye irritation resulting from leakage around
the mask. Additionally, “gastric distention can also affect some clients, but it is rarely
intolerable”. Only 5% of clients showed more serious complications, such as aspiration
pneumonia, hypotension, and pneumothorax [4].

Other causes for difficulties in adhering to the NIV are associated with non-acceptance
of the need for domiciliary NIV, the fear of becoming “technology-dependent”, and psy-
chological issues such as anxiety and claustrophobia [5].

The initiation and maintenance of long-term home NIV represents a significant lifestyle
change which intrinsically requires sustained effort on the part of the patient and often
their family or caregivers [5], who usually mention difficulty in using NIV because of a lack
of information that should be provided at hospital discharge [7].

The studies reinforce that patients and their caregivers show gaps in knowledge and
insufficient skills to maintain NIV after discharge [8-10], which will affect the adherence
and the capacity of the caregiver to provide care, with consequences such as insufficient
functional improvement and unnecessary hospital readmissions [9,10].

These problems point out the need for a special intervention by health professionals,
mainly nurses, oriented toward patients and family caregivers, not just because of the
transition they are about to experience into the new role they will take on, but also to allow
the possibility of obtaining better health results [10].

In order to minimize these issues, it is important to focus on coordination between
hospitals and primary healthcare units, which should carry out prior assessments of the
homes of the most critical patients before hospital discharge, including the possibility of
evaluating the implementation of ventilation therapy [2].

The literature review performed by the authors observed that there are few studies on
preparing people with NIV to return home and the strategies used to empower patients
and families to return home. Nurses are the professionals who have responsibility for
developing interventions in the area of education for the health of people under ventilation
therapy that allow proper and safe transition from hospital to home. These procedures will
help these clients and their relatives or other meaningful people to develop new cognitive
and instrumental competencies that can effectively guarantee care continuity at home [8].

The objective of the present study was to identify nursing interventions for client and
family training in the proper use of noninvasive ventilation in the transition from hospital
to community.

2. Materials and Methods
2.1. Study Design

The method chosen was a scoping review. It allows for identification of the evidence
types available on the subject, examination of study types, and detection and analysis of
knowledge gaps [11]. An initial search identified several studies about nursing interven-
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tions oriented toward inpatients under NIV but found that studies addressing preparation
to return home and transitional care of these patients are scarce.

The research question for the present review was formulated by applying the PCC
(Population, Concept, Context) mnemonic [11]: What nursing interventions are imple-
mented to train adult or elderly clients and family caregivers to use NIV at home after
hospital discharge?

2.2. Eligibility Criteria

The object of study and the research question helped define the eligibility criteria of
the studies to be included in this scoping review. To narrow the research strategy and
increase the rigor and quality of the results, inclusion and exclusion criteria were defined

for each of the elements of the PCC acronym, according to the methodology proposed by
JBI[11] (Table 1).

Table 1. Eligibility criteria, Lisbon, 2023.

Inclusion Criterion Exclusion Criterion

P Adults and elderly people submitted to NIV.  Age < 18 years.

Interventions to qualify clients and family

. . Interventions to qualify clients and
caregivers to use and manage NIV: education q Y

C .. L. .. families to use and manage IV.
and training, monitoring, communication, .
. . Formal caregivers.
and behavioral strategies.
;r(r)?;lzziﬁal ((}:if: ]jgl“; izn }ﬁgngz} Zrilsihar o Residential facilities for elderly people,
C y P Y P 8¢ long-term care in health or social

transition from hospital to home, first 30

. institutions, and rehabilitation units.
days after returning home).

Regarding transitional care, the authors opted to include studies about interventions
to train clients and family caregivers during hospital stay, hospital discharge, transition
from hospital to home, and the first 30 days after returning home. This option is based on
the concept of transitional care, which includes the notion that interventions to manage the
transition from hospital to home can occur in three distinct steps: before clients leave the
hospital, at hospital discharge, and between 48 h and 30 days after hospital discharge [10,12].
To be included in the sample, the articles had to address interventions in at least one of
these phases, and their results had to allow for the identification of interventions that
allow for training (client and family caregiver) on the use of noninvasive ventilation in the
transition from hospital to community.

The chosen publication date period was from 2017 to 2023. This time frame is justified
as we sought to obtain recent studies and considering that concern about transitional care is
a recent development in healthcare [12]. A full text filter was applied, and only publications
written in English or Portuguese were included. There was no restriction on the country of
origin of the articles, only on the language used.

2.3. Data Collection

The search for publications was carried out in MEDLINE (via the PubMed platform),
CINAHL, Scopus, and Web of Science databases (databases available at the university) by
using terms in natural language and descriptors used in the indexing of each database.
Table 2 shows the terms used in the search in the MEDLINE database.

Searches in the databases occurred in May 2023. Gray literature was also considered
in the search, which included consulting Google Scholar and the Portuguese Open Access
Scientific Repository. E-books, online handbooks, books, reports, dissertations, conference
proceedings, documents from the ministry of health, general directorates of health, and
available guidelines were accepted in this phase.
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Table 2. Search strategy used in the MEDLINE database search (Lisbon, 2022).

Search Strategy Number of Articles

#1

(CcCeeeE1derl*(Title / Abstract))) OR (aged(Title/ Abstract))) OR

(age*(Title/ Abstract))) OR (older person*(Title/ Abstract))) OR (older

adult*(Title/ Abstract))) OR (middle age(Title/ Abstract))) OR (younger

adult(Title/ Abstract))) OR (frail older adults(Title/ Abstract))) OR (aged(MeSH Terms)))

OR (frail elderly(MeSH Terms))) OR (adult, frail older(MeSH Terms))) OR (adults, frail 15,148
older(MeSH Terms))) OR (adult, young(MeSH Terms))) OR (adults, young(MeSH Term:s)))

OR (middle age(MeSH Terms))) OR (middle aged(MeSH Terms))) NOT (children(MeSH

Terms))) NOT (adolescent(MeSH Terms))) NOT (adolescence(MeSH Terms)))) Filters: Free

full text, in the last 5 years

#2

(Ceceeeemechanical ventilator(Title/ Abstract)) OR (Cpap ventilation Positive end
expiratory pressures(Title/ Abstract))) OR (Mechanical ventilation(Title/ Abstract))) OR
(Biphasic continuous positive airway pressure(Title/Abstract))) OR (Bilevel continuous
positive airway pressure(Title/ Abstract))) OR (Inspiratory positive pressure
ventilation(Title/ Abstract))) OR (Positive end expiratory pressure(Title/ Abstract))) OR
(Non-invasive ventilation(Title/ Abstract))) OR (Noninvasive ventilation(Title/ Abstract)))
OR (NIV(Title/ Abstract))) OR (BIPAP(Title/ Abstract))) OR (CPAP(Title/ Abstract))) OR 20,668
(IPAP(Title/ Abstract))) OR (EPAP(Title/ Abstract))) OR (PEEP(Title/ Abstract))) OR
(Biphasic positive airway pressure(Title/ Abstract))) OR (Continuous positive airway
pressure(Title/ Abstract))) OR (Non-invasive positive pressure

ventilation(Title/ Abstract))) OR (Artificial Ventilation(Title/ Abstract))) OR (non invasive
positive pressure ventilation(MeSH Terms))) OR (positive pressure non invasive
ventilation(MeSH Terms)) Filters: Free full text, in the last 5 years

#3

(((((((transitional care(Title/Abstract)) OR (discharge(Title/Abstract))) OR (patient
discharge(Title/ Abstract))) OR (TCM(Title/ Abstract))) OR (home

nursing(Title/ Abstract))) OR (discharge planning(MeSH Terms))) OR (discharge, 47,391
patient(MeSH Terms))) OR (aides, home care(MeSH Terms)) Filters: Free full text, in the

last 5 years

#4

((((((intervention(Title/ Abstract)) OR (capacitation(Title/ Abstract))) OR (health
education(Title/ Abstract))) OR (information(Title/ Abstract))) OR (early intervention
education(MeSH Terms))) OR (habilitation(MeSH Terms))) OR (health education(MeSH
Terms))Filters: Free full text, in the last 5 years

495,644

#5

#1 AND #2 AND #3 AND #4 148

In order to facilitate article organization and selection after the search process, the

Rayyan® platform was used. Data screening and extraction was carried out independently
by two researchers (JF and MM). When these researchers did not reach a consensus, a third
researcher (CLB) was recruited to make the decision.

Documents obtained from the gray literature search that were not able to be uploaded

to the software were digitized and analyzed independently by the 2 reviewers.

2.4. Data Processing and Analysis

The content extracted from the final bibliographic sample was entered into a Microsoft
Excel table designed by the researchers and shared via cloud storage. It contained the
following information: article title, author name(s), publication year, article type, objectives,

methods, and main results/conclusions.

After extraction of results, a thematic synthesis was carried out to organize the inter-

ventions according to their nature.

A critical appraisal of the articles was not performed. The method does not oblige this
evaluation. One of the peculiarities of this methodology is that it does not aim to analyze
the methodological quality of the studies included, given that its objective, following the
aforementioned, is not to find the best scientific evidence but rather to map the existing

scientific evidence [11].
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3. Results

In the first phase of the study, 220 articles were identified, of which 6 were duplicates.
Reading titles and abstracts allowed the researchers to select 29 articles for full text reading.
Application of the eligibility criteria to the articles available in the databases resulted in
a set of six publications. Thirty-one documents were identified in the gray literature, of
which two were included in the final sample (Figure 1).

[ Identification of new studies via databases and registers ] [ Identification of new studies via other methods ]
Records identified from: Records removed before Records identified from:
5 Medline (n = 148 ) screening: Websites (n=1)
3 CINAHL (n = 23) Duplicate records removed (n = Organisations (n = 4)
SCOPUS (n=38) 06) Citation searching (n = 26)
§ Web of Science (n=11)
2 Total (n=220)
Records screened Records excluded
(n=214) (n=147)
Reports sought for retrieval R ht ) .
- (67 Reports not retrieved eports sought for retrieval || Reports not retrieved
£ (n=38) (n=31) (n=23)
=
: ! I
Reports assessed for eligibility Reports excluded:
(n=29) Wrong Intervention (n =09 ) Reports assessed for eligibility ~ [__,| Reports excluded
The inervention can not be (n=08) The imervention cen o be
considered transicional Care (n e
o Care (n=06 )
=14)
New studies included in review
(n=02)
: l
k-]
=
S
= Total studies included in review
(n=08)

Figure 1. PRISMA-SR flowchart [13] (Lisbon, 2023).

Table 3 shows information about the eight documents selected in the present scoping
review, such as objectives, document type, and results that answer the research question.
The bibliographic sample was heterogeneous and included five literature reviews [9,14-17],
a survey [18], a qualitative study [19], and a book [20]. Two documents were produced in
Portugal [9,20], one in Spain [14], one in Germany [19], one in the United States [18], one in
the England [15], one in China [16], and one in Brazil [17].

Table 3. Studies included in the scoping review (Lisbon, 2023).

Reference, Origin
Country, and
Publication Year

Study Design and Objectives Results

It is essential to define criteria for the care of people under NIV, including those for its

[9] prescription, maintenance, and evaluation. Equally fundamental are interface
Portugal Integrative review selection, initial setup, adjustments, and knowledge of NIV failure predictors.
2017 Noninvasive ventilation implies specific surveillance by clients, in which nurses play a

prominent role.

Literature review.

Identifying risk factors for The mask of choice was the facial one, and foam or hydrocolloid dressings were

[14] incidgntc edof stlﬁnlln]u rilecsi . always applied on the nasal bridge. The condition of the skin under the interface and
Spain 22?1%23}? I{IVIIV ¢ rleflvlgitivzvmes harness must be evaluated every 4 h (recommended) or every 11 h (maximum). The
2017 y N o P interface rotation strategy must be evaluated at 24 h if NIV is still needed on an

strategies to reduce them, and
the most effective treatment for
injuries that cannot be avoided.

ongoing basis.

56



Healthcare 2024, 12, 545

Table 3. Cont.

Reference, Origin
Country, and
Publication Year

Study Design and Objectives

Results

Systematic literature review.
Evaluating the reason why
clients needed long-term
noninvasive positive pressure

Noninvasive ventilation is a therapy that has been widely used in the home
environment. Consequently, it is important that healthcare professionals understand
the principles of its use in this setting and the challenges it can present for clients.
Some crucial aspects that must be considered include the importance of proper mask
adjustment, complications that clients can experience because of ventilation therapy,

515(] ‘riirclélsl: ;;(}),nr’lgfssgébcl;é some and how they can influence its effectiveness. Therefore, nurses are the professionals

2019 procedures, and identifying responsible for improving the way cher}t care is managed at home by d.evelo.plng .
some challenges experienced by kr}owledge anq specialized understanding of _use_of NIV in the domestic setting. This
nurses who provided home will Promote Fllgnt adhgrence, pljeygnt gomph.catlons, and decrease t.he number of
support when they interacted hosplta! admissions. Using hurmc.hﬁcat.lon units coupled to thg ventilator can helph
with these clients. some clients, but these units require daily cleaning. The container must be filled with

boiled water so risk of contamination is reduced.
Survey study.

[18] Collegtmg data about the .. There were inconsistencies in care transition processes. The authors recommended

United States experiences and care transition health education sessions, follow-up appointments, phone calls, and support for

2019 of clients, as well as factors home care
associated with post-discharge :
follow-up.

This study described a heterogeneous and partly deficient care situation of people
Qualitative study. with NIV but showed that high quality care is possible if person-centered care is
Describing the quality of successfully implemented in all areas of service provision. Delivering person-centered
nursing care for clients care should be based on empowering ventilated patients to be completely involved in

[19] submitted to NIV at home in all decisions regarding their care and support. Care should support autonomy, focus

Germany Bavaria, Germany, and on individuals’ needs and preferences, and enable ventilated patients and their

2019 providing improvement families to consider treatment options and make informed decisions.
recommendations from the Successful person-centered care initially requires the appropriate attitude to meet
perspective of health people’s needs (outcomes and impact), the involvement of ventilated patients in all
professionals. decisions related to their care (service delivery), and a common vision of

person-centered care provided by inspiring leadership (vision and leadership).
I];;’fxffctllllrfg ;ivé)ev‘/\e].rview of ;\ctively monit(gllﬁng and communicating information during follow-up were crucial

. . ; or long-term adherence.

EggZlfﬁsrﬁi‘flzlslﬁlvg;?sﬁxgems The r.nedica‘l Internet of Things will shift care from hospitals and clinics to homes and

(16] pressure ventilation. Focused mobile dEVIC.eS. Patients may communicate with doctors or nurses at home via smart

China on different technologies phones, mobile apphcatllons (apps), or the Internet. The Internet _of Things allows

2022 modalities management;, and users to access ’fh.ese “things” wherever apd whenever they require them. There are a
cost-effec tilv eness used in ! lot of opportunities .for the Internet of Tfh_mgs to help remote caregivers ensure the
Internet of Things-based safety of patients with noninvasive positive pressure ventilation and other wearable
telemonitoring of home devices and raise warnings over critical situations. In this situation, providers should
mechanical ventilation. respond immediately to patient needs.

Integrative review. Adaptation of clients under NIV was promoted by implementing nursing
Id.e ’F‘“ﬁ’“.‘ﬁ the .needs %f had interventions, both pharmacological and nonpharmacological. It is important to first

[17] lc)rltlca y ll patients who had to adopt a nonpharmacological intervention, which includes four essential domains:

Brazil e submitted to NIV and their communication, technology, comfort promotion, and environmental management. It is
families, as well as nursing o ! 8y tort p ¢ . &

2022 interventions that promoted critical that nurses develop nursing technology competencies so that these
adaptation of the Sepp atients and pro.fe.s§‘.iona!s can allow technology and. care to coe.xist.harmgniously and develop
their families to NIV. activities oriented toward promoting clients’ physical integrity.

Book with evidence on COPD.
Identifying nursing care that
g;;:tssvli?;\péegfgtﬁgggcﬁgg Itis importa_nt to take a few breaks in the use of the ma:.sk for clients to moisten their

[20] use of NIV during exacerbations face, h.umlchfy the oral mucosa, and clea.n the. mouth with mouthwash. Some

Portugal and at home and informing breathmg techmques gtqod out, such as mhahng through_ the nose W}th the mputh

2021 them about the importance of closed, directing the air into the abdomen, carrying out diaphragmatic breathing, and

motor and cardiorespiratory

training for clients’ activities of
daily living with the purpose of
maintaining their quality of life.

slowly exhaling through the mouth with the lips half-closed.
The study presented care procedures for different complications associated with NIV.

Of the studies identified, two refer to interventions carried out in hospital [14,19],
three refer to interventions carried out at home [15,16,18], and three contain interventions
covering the transactional period [9,17,20].

Analysis of the contents of the selected articles identified interventions related to masks
or interfaces [13-15,17], prevention of complications associated with NIV [13,15,16,18-20],
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leakage control [15,20], maintenance and cleaning of ventilators and accessories [13,20],
respiratory training [20], ventilator monitoring [13,16], and communication and behavioral
strategies [17-20] (Table 4).

Table 4. Systematization of nursing interventions intended to train clients and family caregivers in
correctly using NIV in the transition from hospital to community (Lisbon, 2023).

Nursing Interventions to Train Clients and Families to Correctly Use NIV in the Transition
from Hospital to Community

Masks or interfaces [9,14,15,17,20]

Teaching of mask or interface placement and training in their adjustment.

- Full face masks: upper edge supported on the nose wings, lower edge resting on the chin.
- Nose mask: resting on the nose wings between the nose and the upper lip.

- First adjust the mask and then the harness, without exerting too much pressure.

Prevention of complications associated with NIV [9,14-17,20]

Pressure injuries:

- Correctly moisturize the skin.

- Check the skin condition every two hours.

- Use hydrocolloid or polyurethane dressings in the areas under highest pressure.
- Remove the mask intermittently to provide the areas under highest pressure with some relief.
Eye discomfort:

- Apply artificial tears and wet eye dressings.

Nasal congestion:

- Wash the nose with saline solution.

- Apply steroids and antihistamines.

Dry mouth and nasal mucosae:

- Clean the mouth with mouthwash.

- Orally hydrate the mucosae by drinking liquids.

- Use humidification units coupled to the ventilator (use boiled water to reduce risk of
contamination).

Abdominal distension:

- Keep the mouth closed when using the NIV device.

- Promote mobilization and elimination of secretions.

- Use antiflatulents if necessary.

- Do exercises that recruit the lower limbs.

Risk of vomit aspiration:

- Watch the clients for some time after they take solid and liquid food.

- Keep clients in Fowler’s position for at least 30 min after meals.

- Remove the equipment in case of nausea or vomiting.

Leakage control [9,14,15,17,20]

- Choose the mask correctly, opting for one with smaller dimensions, or change the mask type
according to new needs and meet the requirements of each model.

- During mask placement, make sure that it does not collide with the corners of the eyes and/or
the mouth.

- Observe the correct body position and make sure that the mask is placed when clients are in the
proper position for receiving NIV.

- Look around the mask in search of small leakages.

- In case of the use of dental prosthesis, keep it in during the NIV procedure.

- Avoid the presence of facial hair, namely beards.

- Use fixation systems (for example, support for the chin).
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Table 4. Cont.

Nursing Interventions to Train Clients and Families to Correctly Use NIV in the Transition
from Hospital to Community

Maintenance and cleaning of ventilators and accessories [17,20]

- Clean the external surface of the ventilator with a wet cloth.

- Wash the filters once a month with warm water and soap, then dry them properly before
inserting them again. It is essential to replace them every six months.

- Disassemble the mask and accessories fully once a week, wash whatever possible with warm
water and soap, and dry it properly before assembling it again.

- Clean the circuit externally with a wet cloth, without using cleaning products.

- Place the equipment on a flat and stable surface in an airy, low-humidity place.

- Always have a spare mask and circuit.

Respiratory training [9,20]

Instructing in and monitoring breathing techniques:

- Inhale through the nose with the mouth closed, directing the air into the abdomen.

- Carry out diaphragmatic breathing.

- Slowly exhale through the mouth with the lips half-closed.

Positions for relaxation and respiratory control:

- Sitting: feet firmly touching the floor, body slightly tilted forward, and elbows resting on the
thighs.

- Lying down: right lateral decubitus with the headboard elevated.

- Standing up: elbows resting on a surface (for instance a low wall, a counter), with the body
slightly tilted forward.

-Semi-Fowler’s position.

Techniques to clean the airway:

- Inhale deeply.

- Ensure proper hydration to guarantee secretion fluidification.

- Carry out respiratory physical therapy.

- Cough vigorously in one go, with the mouth open, to eliminate secretions.

Ventilator monitoring [9,14-16,19,20]

- Reevaluate parameters up to three months after the beginning of the therapy. Subsequently,
evaluation must occur annually.

- Make sure the company that provided the equipment pays home visits at the beginning of the
therapy and four weeks later.

- Provide information about the presence of an alarm in the equipment, which allows
identification of air leakage and consequent need to adjust the mask.

Communication and behavioral strategies [17-20]

- Ensure a calm and quiet environment.

- Speak in a soft and calm tone of voice.

- Maintain eye contact with clients.

- Keep a calm attitude, which conveys self-confidence and competence.

- Promote resting and relaxation positions (for example, diaphragmatic breathing).

- Learn how to put the mask on and attach it and do these procedures by yourself (if you are a
client).

- Provide information about the possible presence of alarms.

- Suggest that clients try music therapy.

4. Discussion

The present scoping review gathered articles and gray literature material to answer
the research question. Although research on NIV use has been fruitful over past years,
the sample indicated that the studies about the topic were biomedically oriented and
predominantly carried out in the hospital setting. Transitional care programs focused on
training clients and families in the transition from hospital to home in order to guarantee
adherence of the former to NIV were not identified.

Analysis of the articles showed mentions of interventions related to providing in-
formation to, training, and monitoring people so they could use and adapt to masks or
interfaces [9,14,15,17], prevention of complications associated with NIV [9,15,16,18-20],
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leakage control [15,20], maintenance and cleaning of ventilators and accessories [9,20],
respiratory training [16], ventilator monitoring [9,16], and communication and behavioral
strategies [17-20] to promote continuous adherence to this therapy.

Transitional care programs centered on people who need to use NIV were not identi-
fied, which may contribute to the existing difficulties experienced by people in the com-
munity in terms of adhering to this therapy [20]. Since health systems aim to improve
the quality of care delivered to clients, and consequently their experiences and clinical
results, in order to minimize costs, it is urgent that care transitions between hospital and
community be optimized for these patients.

Preparation, which must be initiated in the hospital, must include health education
sessions, follow-up appointments, phone calls, and support for home care [10,20,21] with
individualized care plans to fulfill clients” specific needs in order to minimize the chances
of hospital readmission caused by worsening symptoms [15,16,21].

The discomfort and pressure caused by masks and the development of pressure
injuries reinforce that crucial interventions should be part of the care plan, including
guidance on correct mask adjustment, interface type switching, the choice of proper mask
type and size, hygiene, skin hydration, and leakage control [9,14,15,17,19,20,22-25]. It
is important to stress that, in addition to the quality of information provided to clients
and their relatives, other factors affect treatment success, such as attention to comfort,
pain control, collaboration with caregivers, and the quality of the relationship between
healthcare professionals and clients/families [26].

A qualitative research study which interviewed 16 patients with chronic obstructive
pulmonary disease (COPD) treated with NIV while hospitalized concluded that were
some factors which promoted NIV tolerance, such as trust in the providers; a favorable
impression of the facility and staff; understanding of why the mask was needed, how NIV
works, and how long it will be needed; immediate relief of the threatening suffocating
sensation; familiarity with similar treatments; use of meditation and mindfulness; and the
realization that treatment was useful [27].

Studies also note that professionals need training and education concerning health
issues related to the use of NIV [28,29] and how to educate and capacitate patients and
their caregivers for the transition from hospital to community [10,12]; patients are more
adherent with an intervention when they are involved in the decision-making process [30].
For these difficulties to be overcome, the authors proposed that the care plan be flexible
enough to meet clients” individual needs and that there be a leader in the process who can
train professionals so they can deliver safe care and ensure that multiprofessional teams
have effective introduction, training, and supervision [19,20], for example, by discussing
clinical cases [19], supporting family-centered care training, and making sure clients are
treated with empathy and respect [19,20].

Empowering the patient with information and explanations regarding physiologic
need and tangible benefits prior to initiating the device can establish a trusting relationship
and reduce doubts and fears about this therapy [27,30], increasing adherence to the use
of masks and interfaces and preventing complications associated with long-term mainte-
nance [9,15,16,18-20,27,30]. Comfort of the intervention is dependent upon how well the
patient and device work together for optimal physiologic outcomes [30].

Our results shows that leakage due to poor adjustment of the mask or inadequate fit
with the patient’s characteristics is a cause not only of nonadherence, but also of irritation
and eye infections [15,20], which highlights the need for follow-ups with these patients
at home for early detection of this problem and its complications. The discharge and
transitional care plan includes a visit by the nurse in the first 2/3 days after discharge
to assess the patient and the caregiver, their doubts and difficulties, and conditions at
home [10], as well as precociously identify situations that pose a risk to adherence.

A consensus statement from the Agency for Clinical Innovation, that will be reviewed
in 2024, observes that patients and caregivers should have a minimum level of skills and
knowledge during acclimatization to NIV [31], namely about the maintenance and cleaning
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of ventilators and the changing or cleaning of filters and accessories such as humidifiers
and nebulizers.

It should be noted that there are few studies on the follow-up of these patients at home
and on interventions that can increase adherence to treatment and empower the patient to
be independent in carrying out daily life activities. Future studies should explore this issue.

Another result from our SR concerns respiratory training with the aim of reducing
dyspnea and consequent work of breathing, maintaining or improving tolerance to physical
exercise, mobilizing secretions and assisting in their removal, and improving ventilation
efficiency [20,30,31]. It is also important that these patients undergo muscle strengthen-
ing exercise training and activities of daily living training carried out with an energy
compensation technique [30].

An aspect that did not emerge in the results, but that deserves attention in these
patients who present a greater risk of falling [32], is the prevention of accidents. The
transition plan and follow-up must provide for the assessment of risk factors, including
environmental risk, advice on modifications, adaptation to space and equipment, and
cognitive behavioral strategies that increase safety [10,32].

The results of the present scoping review allowed for verification that the main focus
for clients in adherence to NIV should be on health education [9,11,14-16,18,19]. Given that
nonadherence of clients to this practice results from lack of information, it is fundamental
that nurses have sufficient scientific knowledge to formulate care plans that meet clients’
needs regarding the use of NIV.

The aspects related to the relationship with the health team, communication, and
behavioral strategies [17-20] indicated the need to speak in a soft and calm tone of voice and
maintain visual contact and a calm attitude, which conveys self-confidence and competence,
leading to clients feeling motivated to adhere to the treatment [25,33].

A study that had the objective of analyzing the impact of a brief psychological support
intervention on adherence to NIV among patients with COPD concluded that the interven-
tion group, which received cognitive behavioral therapy support, including counselling,
relaxation, and mindfulness-based exercises, showed improvements regarding both ad-
herence to NIV (F(304) = 19.054, p < 0.001) and quality of life (F(156) = 10.264, p = 0.002)
after eight meetings compared to the control group. The results also showed a significant
change in quality of life over time (F(71.480) = 8.114, p = 0.006) [33].

Future studies must explore the use of these strategies in improving adherence and
training for clients and families so that they can be independent regarding NIV man-
agement, leading to improved self-care and execution of activities of daily living. Since
the prevalence of people with NIV is high, and because it is estimated that prevalence
will continue to increase as a result of the increasing prevalence of chronic respiratory
diseases [9,19,20], as well as there being several difficulties with the use of masks and
equipment and barriers to therapy continuity [5,7,8,14,15], it is recommended that transi-
tional care programs to train clients and caregivers in NIV use be designed, implemented,
and evaluated.

Resorting to e-health programs can improve communication between clients and
professionals [1] and help clarify questions in a timely manner [34].

This study has limitations. The restriction on language and free access to full texts may
have excluded articles that answered the research question and respected the eligibility
criteria, allowing some articles to be excluded deductively, thus missing important results
that may have contributed to answering the research question and formulating recommen-
dations. Another limitation is the option of not evaluating the methodological quality of
the included articles, which is accepted in the method but limits the evidence of the results
and the recommendations for practice.

Despite these limitations, the results allow the authors to identify the existing nursing
interventions aimed at training clients and families to correctly use NIV in the transition
from hospital to community and also allow for the proposal of recommendations for future
studies that should address the difficulties experienced by people and their families in
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transitioning from the hospital to the community. Given the little evidence available on
interventions in this period, qualitative studies are recommended [35] to bring attention to
the voices of these people and their families to help identify strategies to focus care and
allow adherence to NIV.

5. Conclusions

Hospital discharge planning must be initiated during hospital stay and aim to identify
clients” and family caregivers’ needs so they are met at home. For this goal to be achieved,
it is necessary to implement several nursing interventions related to health education,
specifically to necessary precautions concerning mask adjustment, equipment handling,
prevention or resolution of complications that may emerge during the process, respira-
tory training, and cognitive behavioral strategies oriented toward reducing anxiety and
clarifying questions, which are common issues for most NIV users.

As a recommendation for clinical practice, the authors suggest continuing education
of healthcare professionals. It is also important and necessary to inform multiprofessional
teams about the presence of schematic and visual supporting materials intended to improve
dissemination of practical information for the final objective of improving quality of care
delivered to patients submitted to NIV, thus promoting greater adherence to using this type
of therapy at home.

Additionally, the present review points out the need to design new studies on transi-
tional care programs that impact correct use of NIV at home.
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Abstract: (1) Background: Patients who are critically ill or undergo major surgery are admitted to
intensive care units (ICUs). Prolonged immobilization is the most likely cause of pressure injuries
(PrIs) in the ICU. Previous studies of Western populations found that effective protocols could reduce
the incidence of Prls, and the efficacy of systemic targeted intervention protocols in preventing Prls
in the Chinese population needs to be surveyed. (2) Methods: We reviewed cases of Prls in the
ICUs of Taipei Veterans General Hospital from 2014 to 2019. The ICU nurses at the hospital began
to implement targeted interventions in January 2017. The incidence density of Prls was calculated
by dividing the number of Prls by person days of hospitalizations in the pre-bundle (2014-2016)
and post-bundle (2017-2019) stages. Poisson regression was performed to compare the trend of
incidence densities. (3) Results: The incidence density of Prls was 9.37/1000 person days during the
pre-bundle stage and 1.85/1000 person days during the post-bundle stage (p < 0.001). The relative
risk (RR) was 0.197 (95% confidence interval: 0.149-0.26). The incidence densities of iatrogenic Prls
and non-iatrogenic Prls decreased as the RRs decreased. (4) Conclusions: Targeted interventions
could significantly reduce the incidence of Prls. Healthcare providers must follow the bundle care
protocol for Prl prevention to improve the quality of healthcare and promote patient health.

Keywords: pressure injury; bundle care; incidence density reduction

1. Introduction

Pressure injuries (Prls) are areas of skin, and possibly tissue, that have been damaged
by continuous pressure on specific body prominence areas. They are common adverse
events in intensive care units (ICUs), and the majority of Prls are preventable [1]. Patients
who are admitted to ICUs with critical illnesses are often immobile and require bed rest;
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as a result, they are potentially prone to experiencing edema due to a poor venous return,
circulation dysfunction, and hemodynamic instability with vasopressors. Some patients
suffered from respiratory failure and required mechanical ventilation, agitation and re-
quired restraints, and exposure to moisture due to incontinence. The risk factors for Prls
are advanced age and obesity; the risk of Prls increases as age and weight increase [2].
The incidence of adult Prls ranges from 12% to 33% [3,4]. Prls have significant impacts
on patients, including pain, restricted mobility, wound infection, and psychological bur-
den. They reduce quality of life and increase the risk of complications, resulting in longer
hospital stays and increased health care costs [5].

The best way to prevent Prls is to maintain clean and dry skin, avoid prolonged
durations in the same position, and ensure the appropriateness of padding and mattresses
to alleviate pressure. If Prls are detected, prompt cleaning and management of the affected
area should be undertaken in addition to necessary treatment. Due to the severity and
complexity of their illnesses, critically ill patients are subjected to prolonged immobilization,
have insufficient perfusion and poor nutritional statuses, and are at a higher risk for
developing Prls than general ward patients. Preventive interventions for Prls focus on
multiple factors and require the combination of various strategies to achieve optimal results.
There was an association between the reduced risk of Prls and preventive interventions,
and bundle care is based on noteworthy, evidence-based interventions [6].

There are some care measures for and evidence on the prevention of Prls. However,
the implementation of prevention strategies is often not optimal [3,4]. Standard bundle care
for Prl prevention can enable healthcare providers to control modifiable risk factors and
enhance the quality of nursing care [7]. Previous studies have shown that the use of care
bundles for skin care, including silicone dressing, skin protectants, comprehensive skin as-
sessments from head to toe, heel offloading, the early identification of pressure sources, and
repositioning, can effectively prevent Prls by reducing the incidence density of Prls [8-10].
The SSKIN (surface, skin investigation, kinetics/keep moving, incontinence/moisture,
and nutrition/hydration) Care Bundle has been used frequently [11]. Previous studies
found that the SSKIN bundle could effectively reduce the incidence of Prls, improve patient
outcomes, and enhance nurse compliance [12,13].

The main priority for nurses who administer critical care is the preservation of life
quality during the treatment of life-threatening conditions rather than Prl prevention.
Nurses with a heavy load take care of critical patients by monitoring vital signs and alerting
physicians to life-threatening situations and have paid less attention to Prl prevention
in the past. Prl prevention is an important issue of healthcare quality. Evidence-based
critical care is necessary to prevent Prls in the ICU. We used retrospective data from tertiary
teaching hospitals in northern Taiwan before and after bundle care to evaluate the effect of
Prl prevention to assess whether the trend of Prl incidence reduced.

The aim of this study was to evaluate the efficacy of care bundle use in PrI prevention
by considering the influence on the incidence density of Prls compared with the pre-bundle
stage. Standardized and regular bundle care bundles for PrI prevention are designed by
multidisciplinary teams to reduce Prl incidence and promote patient health. Such teams
provide evidence on the benefits of care bundles for Prl prevention in the critical care
setting.

2. Materials and Methods
2.1. Materials and Methods

This study was a review of the clinical data of adult ICU patients in Taipei Veterans
General Hospital; there were 42 beds in the ICUs. The ICUs were the medical ICU and the
surgical ICU. This study was a retrospective observation case—control study; the data were
obtained from the nursing information system. The patients were hospitalized in ICUs
from 1 January 2014 to 31 December 2019, in one medical center in northern Taiwan. The
exclusion criteria were patients who underwent cardiac catheterization, and patients who
were younger than 18 years of age. The patients that received cardiac catheterization on
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schedule had milder illnesses, and those younger than 18 years old had complex conditions.
Data on sex, age, length of stay, body weight, comorbidities, disease severity, and use of
sedatives, muscle relaxants, or inotropic agents were collected from the information system
of ICUs.

The team who implemented bundle care for Prls included critical care physicians,
critical care nurses, wound care specialist nurses, and a member of the medical quality
team who developed the SSKIN Care Bundle based on evidence in the literature [11]. Every
patient who was admitted to ICUs was assessed by using the Braden Scale to determine
their risk for Prls [14], and high-risk patients were assigned to air suspension bed because
the surface was supported with protection. The patients were repositioned every 2 hours
and encouraged to move early, and the angle of their head did not exceed 30 degrees. To
protect the urine or stool from irritating the skin, water was used for cleaning and the skin
was kept dry. The nutrition evaluation was performed during hospitalization and twice
every week to assess the patients’ intake of protein and calories. The items of the SSKIN care
bundle are shown in Table 1. Prls were defined by the European Pressure Ulcer Advisory
Panel (EPUAP) and the National Pressure Ulcer Advisory Panel (NPUAP). A Prl is localized
damage to the skin and/or underlying tissue, typically occurring over bony prominences,
resulting from pressure with or without shear. Incidence density was calculated by dividing
the number of new cases of Prls by the total patient days of hospitalizations in the ICUs.

Table 1. The items and actions of SSKIN bundle care of pressure injuries’ prevention.

Items Action

Air suspension bed for patients with higher risk of pressure

injuries. The others use a pressure-reduced bed.

When lying flat, place a pillow under both knees and calves to

keep the heels off the bed.

When lying on the side, place a pillow (at a 30-degree angle)

behind the back to relieve pressure on the coccyx. The shoulder

and hip joints on the side should be slightly tilted outward to

relieve pressure.

Bend the leg on the upper side, place a pillow between the knees,
Surface and ensure that the knees are not under pressure and the ankles

are elevated.

After turning over, adjust the position of the head and place a

rolled towel behind the ear.

Artificial skin pressure reduction products should be used at the

pressure points when using a nasal intermittent positive pressure

ventilation and loosened every 2 hours to inspect the skin.

Ensure nasogastric tube or endotracheal tube fixed with Q) sharp

without stressing nasal wings, and oxygen mask without

pressuring nasal bridges or auricles with foam dressings.

New patients and during reposition period, a real-time
“head-to-toe” assessment of overall skin temperature, color,
moisture status, and integrity, with particular attention to bony
prominences.

During each shift period, the overall risk for pressure injuries was
assessed using the Braden Scale [1], which includes factors such
as sensory perception, moisture, activity, mobility, nutrition, and
friction/shear. A score of <14 is used to identify patients at high
risk for pressure injuries.

Check that the tubes are not under pressure by skin.

Avoid compressing area that includes redness and refrain from
massaging bony prominences.

Skin investigation
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Table 1. Cont.

Items Action

The turning schedule and prohibited actions were strictly
followed to assist in changing the patient’s position and limb
placement correctly every 2 h.

Encourage early movement, perform physical therapy, relieve
spasticity, and limit sedative use.

Kinetics /keep moving The bed should be leveled before turning the patient, and grasp
the turning sheet closer to the patient’s side and lift, avoiding
pushing or pulling.

After turning over, raise the foot end of the bed before elevating
the head end, ensuring that the angle does not exceed 30 degrees
and replace the position of the pulse oximeter.

Identify the stage of incontinence-associated dermatitis and

fungal infection. Cleanse the skin affected by incontinence with
Incontinence/moisture water.

To protect irritable skin from the urine or stool, keep skin clean

and dry.

The nutritionists evaluated each patient after hospitalization and
Nutrition/hydration assessed their nutritional statuses twice every week to ensure
adequate intake of protein and calories.

The care bundle for Prl prevention has been used in routine nursing care in critical
care units since 1 January 2017. The care bundle for PrI care and prevention included good
training and education before 2017. During the implementation phase, the nurse leader
assessed the care bundle weekly to ensure compliance. Approximately 90% of nurses
use the bundle. The primary outcome was the incidence density of Prls. This study was
approved by the Institutional Review Board (TPEVGH_IRB number: 2020-07-002CC on 24
June 2020).

2.2. Statistical Analysis

The distribution of categorical variables was analyzed using chi-square tests, while
independent t tests were assessed for continuous data. Regarding exposure and nonexpo-
sure case numbers summed with an alpha of 0.05 and power of 80%, 1547 in each group
and a total of 3094 was required. The periods were divided into two groups based on the
time before (2014-2016) and after the implementation (2017-2019) of the target bundle care
intervention. Poisson regression with log-linear regression for count data was performed
to compare the incidence densities between two periods of all Prls and different types of
Prls. p < 0.05 was considered to indicate a significant difference. The statistical analysis
was performed using SPSS version 21.0 software.

3. Results

There were 4538 patients who were hospitalized in ICUs and data on a total of
64,171 patient day hospitalizations were obtained from the clinical information system.
After excluding patients younger than age 18 and patients who received cardiac catheters
(258 patients and 1031 patient day hospitalizations), the total number of patients was
4280 patients along with 63,140 patient day hospitalizations. The incidence density of Prls
was 9.37/1000 person days before the implementation of bundle care, and the incidence
density of Prls was 1.85/1000 person days after the implementation (p < 0.001) (Figure 1).
The number of patients who required restraints in the ICU was significantly decreased.
There were insignificant differences in sex, age, comorbidities, disease severity score, vari-
ous laboratory values, and use of analgesics, sedatives, or vasopressors between the two
stages (Table 2).
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The patients admitted in intensive care units in Taipei Veterans General Hospital from 2014 to 2019

4538

Exclusion criteria:

Patients” age < 18 years-old and Patients

underwent cardiac catheterization
258

A 4

A

292 patients with pressure injuries

pre-bundle stage from 2014 to 2016
9.37/1000 person-days

Incidence density of pressure injuries in

Incidence density of pressure injuries in

post-bundle stage from 2017 to 2019

59 patients with pressure injuries

1.85/1000 person-days

Figure 1. Flow chart of this study.

Table 2. Comparison of control variables between the two periods.

Pre-Bundle Stage

Post-Bundle Stage

Variables (n = 2134) (n = 2146) P
The cases of Prls 292 59 <0.001 *
Incidence density (/1000 person 937 1.85 <0.001 *
days) of Prls
Sex (Male) 1356 (63.54%) 1345 (62.67%) 0.539
Age 67.18 + 17.53 67.55 + 15.98 0.839
Length of stay 14.60 £+ 11.52 14.90 £ 12.55 0.555
Glasgow Coma scale 10.84 + 4.111 10.88 + 3.927 0.805
Body weight 62.86 + 14.57 63.48 + 14.83 0.179
Albumin (g/dL) 2.886 + 0.597 3.100 £ 0.592 0.214
Ventilation 8.422 + 7.466 8.205 + 7.800 0.419
Potassium (mEq/L) 3.977 + 0.813 3.921 +0.718 0.407
Sodium (mEq/L) 139.8 £ 7.491 140.3 £ 7.272 0.694
Calorie achievement rate 7257 +21.19 69.37 + 22.48 0.722
Charlson comorbidity index 5.29 £2.32 5.02 +£2.27 0.184
APACHE 1II score within first day 21.20 +7.03 22.32 + 8.36 0.169
APACHE 1I score 20.21 + 7.58 19.75 + 8.45 0.175
Pain scores 1.64 £ 152 149 £196 0.360
Incontinence-associated 447 (20.95%) 462 (21.53%) 0.642
dermatitis
Restraints 1908 (89.41%) 1871 (87.19%) 0.024 *
Sedation 1410 (66.07%) 1473 (68.64%) 0.073
Muscle relaxant 32 (1.5%) 31 (1.44%) 0.881
Inotropic agents 368 (17.24%) 372 (17.33%) 0.938
Pain control 1651 (77.37%) 1669 (77.78%) 0.75
Ventilation 1944 (91.1%) 1931 (89.98%) 0.213
Life support system 115 (5.39%) 112 (5.22%) 0.804
Nurse—patient ratio 2.53 (0.01) 2.6 (0.02) 0.374

* p < 0.05; Prls: pressure injuries; APACHE II score: Acute Physiology and Chronic Health Evaluation II score. Life
support system included Extracorporeal Membrane Oxygenation, Intra-Aortic Balloon Pump, and Continuous

Venous Hemofiltration.

Before the implementation of the care bundle, the highest incidence density of Prls
in the ICU was 11.16 episodes/1000 person days during 2015. However, the comprehen-
sive implementation of the SSKIN care bundle began in 2017, and the incidence density
significantly decreased to 2.37 episodes/1000 person days in 2017 and reached the lowest
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of 1.24 episodes /1000 person days in 2019. There was a significant reduction of 88.89% in
the incidence density of Prls between 2015 and 2019 (Figure 2).

12 r

11.16

10

Incidence density of pressure injuries (episodes/1000 person-days

2014 2015 2016 2017 2018 2019

Year

Figure 2. The incidence density of pressure injury in intensive care units. Bundle care implemented
since 2017 (arrow).

The sacrum was the most common site of non-iatrogenic Prls in the ICU before the
implementation of the care bundle, followed by the ischial area and heels. The nose
was the most common site of iatrogenic Prls in the ICU, followed by the auricle in pre-
bundle stage (Supplementary Table S1. The cases of different sites existing in iatrogenic
and non-iatrogenic pressure injuries). The cases of iatrogenic and non-iatrogenic Prls
were significantly reduced after bundle care (Figure 3). The incidence density of non-
iatrogenic Prls significantly decreased from 6.67 to 0.84 episodes/1000 person days, with
an RR of 0.126 (95% C.I.: 0.085-0.189, p < 0.001). The incidence density of iatrogenic Prls
significantly decreased from 2.7 to 1 episode/1000 person days, with an RR of 0.371 (95%
C.I.: 0.247-0.558, p < 0.001) (Table 3).

The incidence density of Prls in the ischium was the most significantly decreased,
from 1.44 to 0.03 episodes /1000 person days with an RR of 0.022 (95% C.I.: 0.003-0.157,
p <0.001), and from 2.5 to 0.41 episodes /1000 person days with an RR of 0.162 (95% C.L.:
0.09-0.292, p < 0.001) in the sacrum as well as from 2.12 to 0.25 episodes/1000 person days
with an RR of 0.118 (95% C.I.: 0.057-0.246, p = 0.001) in the lower limbs, but the reduction
was not significant from 0.42 to 0.16 episodes/1000 person days with an RR of 0.375 (95%
C.I.: 0.134-1.051, p = 0.062) in the back. The incidence density of Prls in the nasal bridges
was the most significantly decreased, from 0.55 to 0.06 episodes/1000 person days with
an RR of 0.115 (95% C.L.: 0.026-0.496, p = 0.004); from 0.51 to 0.13 episodes /1000 person
days with an RR of 0.244 (95% C.I.: 0.081-0.729, p = 0.012) in the face; and from 0.67
to 0.25 episodes /1000 person days with an RR of 0.371 (95% C.I.: 0.164-0.838, p = 0.017)
in the auricle, but the reduction was not significant in the nasal wings, from 0.67 to
0.41 episodes /1000 person days with an RR of 0.603 (95% C.I.: 0.302-1.205, p = 0.152), and
in the upper limbs, from 0.29 to 0.16 episodes/1000 person days with an RR of 0.541 (95%
C.I: 0.181-1.615, p = 0.271) (Table 3).
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Figure 3. Cases of non-iatrogenic and iatrogenic pressure injuries in intensive care units.

Table 3. The incidence density and relative risk of different types of pressure injuries before and after
care bundle implementation.

Pre-Bundle Stage Post-Bundle Stage
Incidence Density Incidence Density Relative Risk P
(/00) (/00)

Overall Prls 9.37 1.85 0.197 (95% C.1.: 0.149-0.26) <0.001 *
Non-iatrogenic Prls 6.67 0.84 0.126 (95% C.I.: 0.085-0.189) <0.001 *
Sacrum 2.5 0.41 0.162 (95% C.1.: 0.09-0.292) <0.001 *

Back 0.42 0.16 0.375 (95% C.I.: 0.134-1.051) 0.062
Ischium 1.44 0.03 0.022 (95% C.I.: 0.003-0.157) <0.001 *

Occiput 0.19 0

Low limbs 2.12 0.25 0.118 (95% C.I.: 0.057-0.246) 0.001 *

Knee 0.35 0.03 0.089 (95% C.I.: 0.011-0.686) 0.02 %
Ankle 0.45 0.13 0.278 (95% C.1.: 0.092-0.846) 0.024 *
Heel 1.32 0.09 0.071 (95% C.I.: 0.022-0.23) <0.001 *
Tatrogenic Prls 2.7 1 0.371 (95% C.I.: 0.247-0.558) <0.001 *
Nose 1.22 0.47 0.385 (95% C.I.: 0.212-0.699) 0.002 *

Nasal wings 0.67 0.41 0.603 (95% C.I.: 0.302-1.205) 0.152
Nasal bridge 0.55 0.06 0.115 (95% C.I.: 0.026-0.496) 0.004 *
Auricle 0.67 0.25 0.371 (95% C.I.: 0.164-0.838) 0.017 *
Face 0.51 0.13 0.244 (95% C.1.: 0.081-0.729) 0.012*

Upper limbs 0.29 0.16 0.541 (95% C.I.: 0.181-1.615) 0.271

* p <0.05. Prls: pressure injuries; 95% C.I.: 95% confidence interval.

4. Discussion

This study found that the incidence of Prls was significantly reduced after the imple-
mentation of care bundle intervention for 3 years. It was a new intervention with systemic
prevention compared to previous routine nurse care in the Chinese population. In the
long term, healthcare workers can fully understand the benefit of such measures that are
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designed to promote patient health by reducing the incidence of Prls. Care bundles are
essential to clinical practice. Although the overall iatrogenic and non- iatrogenic Prls were
decreased, there was still no significant reduction in the back, upper limbs, and nasal wings.
They need more aggressive methods to reduce their incidence.

A recent study showed that integrating Prl prevention into practice significantly re-
duced the incidence of hospital-acquired Prls (HAPI). The number of HAPI cases decreased
from nine to one from the pre-intervention to post-intervention periods [15]. A prospective
intervention using a prevention bundle was implemented in another study, and it signifi-
cantly reduced the cumulative incidence rate of medical-device-related Prls by 90% [16]. In
our study, the number of Prl cases decreased from 121 to 12 (in 2015 vs. in 2019), resulting
in a 90% reduction. A previous study found a significant reduction in the cumulative
incidence density of Prls in an intervention based on evidence-based skin care compared to
the control group (p = 0.04, 18.1% vs. 30.4%) [17]. Another study observed a decrease in
the incidence density of acquired Prls from 15.5% before the intervention to 2.1% after the
preventive intervention supported by wound ostomy continence nurses [9]. In our study,
following the implementation of the care bundle, the incidence density of Prls decreased
from 9.37 to 1.85 episodes /1000 person days (p < 0.001), indicating that the care bundle for
PrI prevention effectively reduces the occurrence of Prls.

A multidisciplinary clinical and risk assessment team intervened for Prl prevention
and used the SSKIN bundle care for Prl prevention. They found a reduction in the incidence
of HAPI from 6.1%o to 1.1%o, representing an 83.5% decrease [18]. Our study showed a
similar finding, with a decrease of 80.26% of deceased patients. It emphasized that all
patients should undergo a risk assessment within 2 h of admission and every 8 h thereafter.
Furthermore, high-risk patients should be placed on pressure-relieving mattresses, undergo
position changes at least every 2 h, and receive support to improve their nutritional status.
For patients at a high risk, preventive dressings (sacrum, heels, hips) should be used to
reduce the incidence of Prls in critically ill patients [19]. Our check time in every shift
time was approximately 8 h, and there was a reduction in the incidence of Prls when
compared with the pre-intervention stage. Nutritional status should be evaluated after ICU
admission by a nutritionist and twice every week during the ICU stay. The care bundle
was established by a multidisciplinary team incorporating evidence-based knowledge and
implemented in clinical practice for Prl prevention. The results enhanced the effectiveness
of prevention efforts in overall Prls and iatrogenic and non-iatrogenic Prls.

Before the intervention, the most common sites of iatrogenic Prls were the auricle
and nasal wings, followed by the nasal bridge (Supplementary Table S1: The cases of
different sites of non-iatrogenic and iatrogenic pressure injuries). After the implementation
of the care bundle, the nasal wings were still the most common site with an insignificant
reduction. Patients undergoing oral or gastrointestinal surgery or swallowing difficulties
need nasal-gastric tubes, and endotracheal tubes from the nose or mouth inserted for
respiratory failure must be properly fixed in the philtrum area, leading to persistent Prls in
the nasal wings. We added foam padding to the inner edge of the nasal wings beginning in
2018, and the number of Prls in the nasal wings decreased from 2018 to 2019. We addressed
Prls caused by oxygen masks by increasing the length of foam padding and using more
effective materials.

The main sites of Prls were peripheral oxygen saturation monitors and splints (two
cases). This potentially results in nursing staff, with a busy clinical workload, failing to
adequately reposition finger-type oxygen saturation monitors after turning the patient.
Ring-type oxygen saturation monitors replaced the finger-type monitors for patients with
poor peripheral circulation after discussions with the monitor team and administrators and
timely repositioning of the finger-type monitors. The close inspection of the skin condition
at the bony prominence area was performed when removing the splint in a timely manner
during each shift time, and foam padding was implemented to prevent Prls caused by
splints.
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The most common sites of non-iatrogenic Prls were the sacrum, followed by the
ischium and heel before the care bundle intervention. After the care bundle intervention,
Prls in the ischium and heel were almost completely prevented. It emphasizes relieving
pressure on vulnerable areas and bony prominences in any position and elevating the head
of the bed while not exceeding 30 degrees. Prls in the sacrum still existed with five sacral
Prls annually, which need more strategies to address. This potentially resulted from a
higher acuity and severity of illness in ICU patients and some self-mobilized patients with
an inadequate maintenance of the 30-degree positioning of pillows.

There was an insignificant reduction in incidence density in the back, nasal wings,
and upper limbs. The potential reason was the maintenance of 26 °C in the public units
to save electronic energy based on a government policy that caused the patients” back to
easily sweat when lying for a long duration. The colder temperature of air conditions could
be set to reduce patients’ sweating. Because an air suspension bed is used for patients
with a higher Prl risk, some patients with an intermittent risk may progressively develop
Prls. The wide usage of air suspension in ICUs could reduce the incidence of Prls in
the future. A nasogastric tube and endotracheal tube were fixed on nasal wings in the
emergency room or general rooms before transfer to ICUs, and new technology needs to
be promoted to other units of the hospital to further reduce the Prls in nasal wings. In
addition, the gastrectomy encouraged for long-term nasal-gastric feeding could reduce
Prls in nasal wings. The majority of intravenous injections and artery lines were performed
in the upper limbs, while careful repositioning was needed to prevent compression and
early change to a central-line insertion in the subclavian or femoral veins to reduce Prls
in the upper limbs. In addition, a smart clothing study to prevent Prls is ongoing [20].
Although albumin insignificantly increased (2.89 to 3.1 g/dL), trend nutrition improved
after frequent nutritionist support for patients in the ICUs.

The liability profile could be excluded by proper documentation of the adequacy of
the precautionary measures [21]. Many interventions for Prls may only be effective in
the short term [6], and our study showed persistent effectiveness for 3 years. The care
bundle intervention proposed in this study is an effective approach for preventing Prls in
critically ill patients. Furthermore, this study brought about significant policy changes by
only shifting from the traditional practice of repositioning every 2 hours (left side, right
side, supine) to a concept of integrated intervention avoiding pressure on specific sites. At
the initial implementation of the care bundle in the clinical practice of critical care, there
was some resistance due to the increased workload by changing existing beliefs and habits
with significant pushback. Through continuous communication with interdisciplinary
collaboration to focus on the directions of enhancing patients’ safety and improving the
quality of healthcare, colleagues gradually became more accepting of changing their beliefs.
The knowledge and skills regarding the care bundle were consistently taught during on-
the-job training and prevocational education. The psychometric properties of the Pressure
Ulcer Management Self-Efficacy Scale of nurses related to the care of Prls in Taiwan [22]
were included. A balanced distribution of nurses would improve the quality of care for
Prls [23]. Bundle care could be successful based on a nursing team designed with consulting
expertise, reducing the barriers to promoting standard forms of care into regular care with
good education and feedback audits to establish nursing facilities for the care of Prls [13].

There are some limitations in our study. First, this study utilized a retrospective
review of electronic health records. There were some missing or incomplete data due
to various reasons, and the incidence density of Prls may be underestimated. Second,
there was a trend change in this study rather than a direct causal relationship between
the care bundle and the reduction in the incidence density of Prls. Third, the severity of
Prls was not surveyed. Fourth, the IRB granted approval for a retrospective study before
2020, and the incidence density persistently decreased by 1.2, 0.4, and 1.09/1000 person
days from 2020 to 2022, respectively. Fifth, the confounding factors were not adjusted in
Poisson regression, and only a mild reduction in restraint requirement after bundle care
was performed. Further logistic regression models need to include confounding factors.
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5. Conclusions

This study found increasing evidence that integrated care by translating evidence-
based knowledge into clinical practice can effectively reduce Prl incidence to improve
the quality of care and patients” health outcomes. The Prl care bundle for critical care
patients was redesigned through multidisciplinary teamwork and organized structures
with effective communication. Therefore, through integrated care through education and
training, nurses can take steps to provide reliable clinical care and reduce the occurrence of
Prls.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/healthcare11152116/s1, Table S1: The cases of different sites of
non-iatrogenic and iatrogenic pressure injuries.
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Abstract: Background: Chest pain is considered the second most frequent complaint among patients
seeking emergency services. However, there is limited information in the literature about how the
care provided to patients with chest pain, when being attended to in the emergency room, influences
their clinical outcomes. Aims: To assess the relationship between care interventions performed on
patients with cardiac chest pain and their immediate and late clinical outcomes and to identify which
care interventions were essential to survival. Methods: In this retrospective study. We analyzed
153 medical records of patients presenting with chest pain at an emergency service center, Sao Paulo,
Brazil. Participants were divided into two groups: (G1) remained hospitalized for a maximum of 24 h and
(G2) remained hospitalized for between 25 h and 30 days. Results: Most of the participants were male 99
(64.7%), with a mean age of 63.2 years. The interventions central venous catheter, non-invasive blood
pressure monitoring, pulse oximetry, and monitoring peripheral perfusion were commonly associated
with survival at 24 h and 30 days. Advanced cardiovascular life support and basic support life (p = 0.0145;
OR = 8053; 95% CI = 1385-46,833), blood transfusion (p < 0.0077; OR = 34,367; 95% CI = 6489-182,106),
central venous catheter (p < 0.0001; OR = 7.69: 95% CI 1853-31,905), and monitoring peripheral perfusion
(p <0.0001; OR = 6835; 95% CI 1349-34,634) were independently associated with survival at 30 days by
Cox Regression. Conclusions: Even though there have been many technological advances over the past
decades, this study demonstrated that immediate and long-term survival depended on interventions
received in an emergency room for many patients.

Keywords: chest pain; assistance; critical care; emergency medical services; nursing

1. Background

Chest pain is considered the second most frequent complaint among patients seeking
emergency services. On average, six million patients visit emergency centers on an annual
basis due to chest pain [1]. This symptom, which can be cardiac or non-cardiac in origin,
benign or life-threatening, requires prompt diagnosis and management [2].

Among cardiac diseases, acute coronary syndrome (ACS), the most common clinical
symptom of coronary artery disease, is characterized by a set of manifestations of acute
myocardial ischemia and is responsible for 1/5 of the causes of chest pain [3,4].

Initially, clinical manifestations of ACS occur following a decrease in local circulation
due to luminal narrowing. This commonly presents as a pressure chest pain that radiates to
the left or right upper limb or mandible and may be associated with cold sweating, nausea,
abdominal pain, or lipothymia [5].
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The published literature shows that less than 15% of ACS cases are correctly diag-
nosed [6]. In Canada, it is estimated that 4.6% of patients with acute myocardial infarction
and 6.4% of cases with unstable angina are misdiagnosed [7]. In Brazil, the proportion of
ACS patients who are diagnosed ranges from 2% to 10% [4].

Globally, heart disease has remained the leading cause of death for the last 20 years,
and it represents 16% of total deaths from all causes [8]. In Brazil, besides being the main
cause of death since 1960, heart disease contributes to 31% of all deaths [9,10].

These data illustrate the need for public health strategies that seek to mitigate the
impact of these conditions that are the main cause of morbidity and mortality in developed
and developing countries [11,12].

In the emergency room, patient care for such patients should be focused on clinical
history, a survey of symptoms, research on related risk factors, physical examination, and
requests for additional tests such as electrocardiogram and troponin, which should be
tested every 6-12 h at least [13,14].

During this phase, nursing care is based on comprehensive care. Additionally, the
nursing care plan developed in the acute stage of the disease must include the patient’s
basic human needs [15]. The aim of this care plan is to contribute to stabilizing the patient,
reducing morbidity and mortality, and preventing further complications [11].

However, there is limited information in the literature about how the care provided
to patients with chest pain, when being attended to in the emergency room, influences
their clinical outcomes. Extensive research has been focused on the care provided for other
conditions, such as post-cardiac arrest and HIV, among others [12,16].

Based on this gap in the literature, this investigation was carried out to answer the
following questions: Is the care provided to patients with chest pain in the emergency room
related to clinical outcomes? Do the interventions provided by this care have an impact on
patient survival?

This study set out to verify whether the interventions performed on patients with
cardiac chest pain had an impact on their immediate and late clinical outcomes as well as
to identify the care interventions that could be described as survival factors.

2. Methods

This descriptive, exploratory, and retrospective study was conducted at an Emergency
Center of a public institution in the State of Sao Paulo, from February to October 2019.

Patients of both sexes, aged 18 or older, admitted to the emergency room of the
Emergency Center and hospitalized for a period of 30 days or less with chest pain due to a
cardiac etiology documented in the medical record were considered eligible for the study.
Patients who were hospitalized for more than 30 days were excluded.

Initially, a survey of all the daily consultations was carried out in the emergency room
of the emergency center, from January to June 2018. Following this, medical records of
274 patients who presented with chest pain were retrieved; 118 were then excluded because
the chest pain was attributed to a cardiac cause and 3 were excluded as they had been
hospitalized for more than 30 days. Ultimately, 156 patients with cardiac chest pain were
included in this analysis.

Two data collection instruments were used; the first consisted of sociodemographic
and clinical data, namely date of hospital admission, data collection, date of birth, sex, origin
before the admission to the emergency room, personal history, or comorbidities, diagnostic
or diagnostic hypothesis, treatment (double anti-aggregation, invasive or thrombolytic
interventionist), complications throughout hospitalization, and clinical outcomes (death
and survival).

The second instrument documented the nursing care given towards cardiac chest pain,
which was listed following the standardization proposed by the Nursing Interventions
Classification (NIC). This included the following variables: heart rate (HR) and pace, neu-
rological status, liquid balance, bladder catheterization, 12-lead electrocardiogram (ECG),
peripheral venous puncture (PVP), central venous puncture (CVP), control laboratory
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tests, whether a chest x-ray was done, non-invasive blood pressure (NIBP), invasive blood
pressure (IBP), pulse oximetry, arterial blood gases, partial oxygen pressure (Pa0O,), oxygen
therapy, peripheral perfusion, antiarrhythmic therapy, cardiac auscultation, pulmonary
auscultation, 2-hourly change of position, use of anticoagulants, medications dispensed to
relieve/prevent pain and ischemia, thrombolytic therapy, basic and advanced life support
measures (BLS and ACLS), institution of oral nutrition, institution of enteral nutrition, trans-
fer to intensive care unit (ICU), transfer to service hemodynamics, and use of vasoactive
drug and blood transfusion [17].

To answer the study’s objectives, patients were divided into two groups: Group 1 (G1)
consisted of patients who were hospitalized for only 24 h, and Group 2 (G2) consisted of
patients who were hospitalized for a period ranging from 25 h to 30 days. Groups 1 and 2
were not different. Their separation was done for survival measurement purposes.

Descriptive analyses were performed, initially. Pearson’s chi-square test or Fisher’s
exact test were used to compare the interventions performed in both patient groups.

Kaplan-Meir survival curves were calculated for each type of care/intervention per-
formed considering survival at 24 h and 30 days. The data were assessed after 30 days
of follow-up with the possible outcome being discharge or death. The comparison of
survival at 24 h was done using a comparison test like the Chi-square test. A Cox regression
model was adjusted for survival time considering the different types of care provided
using the Stepwise method to select the interventions which were more correlated to
survival time.

PCA (Principal Component Analysis) was used to assess the correlation between the
interventions performed and survival. The analysis used the R software version 3.6.2 and
the Statistical Package for the Social Sciences (SPSS) version 20.0, Windows platform.

This research was approved by the Research Ethics Committee (protocol no. 4.011.394.).

3. Results

Based on the inclusion criteria, 153 participants were included in the study sam-
ple; of those participants, 23 were hospitalized for only 24 h (Group G1), and 130 were
hospitalized for a period ranging from 25 h to 30 days (Group G2). Table 1 shows the
participants’ sociodemographic and clinical characteristics for G1 and G2 groups and for
all participants.

Most of the participants were male 99 (64.7%), with a mean age of 63.1 years, had
comorbidities (88.9%), among which high blood pressure 107 (69.9%), dyslipidemia 66 (43.1%),
and diabetes 57 (37.3%) stood out as the most prevalent. Most participants had a history of
smoking 83 (54.2%) and on average, received six interventions. Around one-tenth (10%) of the
participants died. With the exception of the variables days of hospitalization and outcome, no
statistically significant difference was identified between the statistics when comparing groups
G1 and G2. In the case of the variable days of hospitalization, the result was as expected and
in the case of the outcome variable, the significance was borderline.

Table 2 describes the information related to chest pain, diagnosis, and treatment for
G1 and G2 groups and for all participants. The most prevalent chest pain was precordial
(89.5%) associated with sweating (12.4%) and that radiated (56.9). The duration of pain for
most participants (37.3%) was less than one hour and the predominant medical diagnosis
was acute myocardial infarction (68.6%). Most patients were managed conservatively with
the use of mainly double antiplatelet therapy (68.0%) and invasive interventional therapy
(26.8%). No statistically significant association was identified between the variables and
groups G1 and G2.
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Table 1. Sociodemographic, clinical, and care-related characteristics of study participants. Botucatu,
SP, Brazil, 2020.

Variable G1 G2 Total
(n =23) (n = 130) (n = 153) P

Sex
Male 16 (69.6) 83 (63.8) 99 (64.7)
Female 7 (30.4) 47 (36.2) 54 (35.3) 0.5971
Age (years)
Mean (£SD) 60.2 = 14.2 63.6 = 13.0 63.1 £13.2 0.289 2
Days of hospitalization
Mean (£SD) 29+36 77 £ 6.1 70+ 6.0 <0.001
Comorbidities
Yes 21 (91.3) 115 (88.5) 136 (88.9) 0.512 4
Arterial hypertension
Yes 17 (73.9) 90 (69.2) 107 (69.9) 0.6521
Dyslipidemia
Yes 13 (56.5) 74 (56.9) 87 (56.9) 09711
Diabetes Mellitus
Yes 16 (69.6) 80 (63.8) 96 (62.7) 0.5971
History of infarction
Yes 3 (13.0) 21 (16.2) 24 (15.7) 0.4944
Coronary artery disease
Yes 3 (13.0) 16 (12.3) 19 (12.4) 0.572 4
Obesity
Yes 2(8.7) 10 (7.7) 12 (7.8) 0.566 4
History of smoking
Yes 10 (43.5) 73 (56.2) 83 (54.2) 0.2611
Smoking
Yes 5(21.7) 30 (23.1) 35(22.9) 0.8881
Number of interventions
Mean (£SD) 6.3 +27 6.0 £21 6.0+22 0.903 3
Outcome
Survivals 18 (78.3) 120 (92.3) 138 (90.2)
Deaths 5(21.7) 10 (7.7) 15 (9.8) 0.052 4

1 Pearson’s chi-square test. 2 t-test for independent samples. > Mann-Whitney U test. 4 Fisher’s exact test.

Table 3 describes the nursing interventions provided to the study participants. The
most prevalent interventions in both groups were performing a 12-lead ECG (96.7%),
monitoring pace and HR (84.3%), control laboratory tests (82.4%), and peripheral ve-
nous puncture (70.6%). On the other hand, a central venous puncture was performed
more frequently in G2 than in G1 (31.0% vs. 13.3%; p = 0.025, respectively). Further-
more, a transfer to ICU was also more common in G2 when the groups were compared
(0.00% vs. 30%; p = 0.002).

Table 4 displays the types of care that were associated with survival rates using the
Kaplan-Meir method at 24 h and 30 days. Survival at 24 h was significantly associated
with monitoring neurological status (p < 0.0001), central venous catheter (p = 0.0006), non-
invasive blood pressure monitoring (p = 0.0074), pulse oximetry (p = 0.0007), and monitoring
peripheral perfusion (p < 0.0001). Survival at 30 days was significantly associated with
vesical catheterization (p = 0.0093), central venous catheter (p < 0.0001), non-invasive
blood pressure monitoring (p = 0.0019), pulse oximetry (p = 0.019), peripheral perfusion
monitoring (p = 0.0006), oxygen therapy (p = 0.0139), BLS/ACLS (p < 0.0001), use of
vasoactive drug (p = 0.0002), and blood transfusion (p < 0.0001)
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Table 2. Characterization of chest pain, associated symptoms, medical diagnosis, and treatment.

Botucatu, 2020.
. G1 G2 Total N
Variable m=23)  @=130  (=153) P
Pain site
Precordial 20 (87.0) 119 (91.5) 137 (89.5)
Epigastric 3(13.0) 5(3.8) 8(5.2)
Precordial and Epigastric 0(0.0) 6 (4.6) 6(3.9) 0.118
Pain irradiation
Yes 15 (65.2) 72 (55.4) 87 (56.9) 0.380
Duration of pain (in hours)
<1 14 (60.9) 43 (33.1) 57 (37.3)
1to3 3(13.0) 31 (23.8) 34 (22.2)
4t023 3(13.0) 34 (26.2) 37 (24.2)
>24 3(13.0) 22 (16.9) 25 (16.3) 0.084
Presence of associated symptoms
Yes 12 (52.2) 67 (51.5) 79 (51.6) 0.955
Associated symptoms
Sweating 4(17.4) 15 (11.5) 19 (12.4)
Nausea and Vomiting 1(4.3) 10 (7.7) 11 (7.2)
Dyspnea 0(0.0) 10 (7.7) 10 (6.5)
Fatigue 0(0.0) 4(3.1) 4(2.6)
Other 11 (47.8) 63 (48.5) 74 (48.4) 0.411
Medical diagnostics
Infarction with ST-segment elevation 11 (47.8) 63 (48.50 74 (48.3)
Infarction without ST-segment elevation 5(21.7) 36 (27.7) 41 (26.8)
Unstable angina 6 (26.1) 23 (17.7) 29 (18.9)
Stable angina 1(4.3) 2 (1.5) 3(2.0)
Cardiac failure 0(0.0) 3(2.3) 3(2.0)
Angina secondary to tachyarrhythmia 0(0.0) 3(2.3) 3(2.0) 0.725
Treatment
Double anti-aggregation 19 (82.6) 85 (65.4) 104 (68.0)
Interventional 3(13.0) 38 (29.2) 41 (26.8)
Thrombolytic 1(4.3) 7 (5.4) 8(5.2) 0.246

* Pearson Chi-square test.

Table 3. Interventions performed on study participants in the emergency room concerning groups of
participants. Botucatu, SP, Brazil.

Interventions G1 G2 Total P
(n=23) (n =130) (n = 153)
1. Monitor pace and heart rate 21 (91.3) 108 (83.1) 129 (84.3) 0.533 1
2. Monitor neurological state 0(0.0) 6 (4.6) 6(3.9) 0.5921
3. Monitor liquid intake 3(13.0) 10(7.7) 13 (8.5) 04161
4. Bladder catheterization 3(13.0) 10(7.7) 13 (8.5) 04161
5. Performing a 12-lead ECG 22 (95.7) 126 (96.9) 148 (96.7) 0.562 1
6. Peripheral venous puncture 13 (56.5) 95 (73.1) 108 (70.6) 0.108 2
7. Central venous puncture 2 (1.5) 3(13.0) 5(3.3) 0.0251
8. Control laboratory tests 19 (82.6) 107 (82.3) 126 (82.4) 1.0001!
9. Get X-ray 12 (52.2) 50 (38.5) 62 (40.5) 0.2172
10. Monitor non-invasive blood pressure 7 (30.4) 26 (20.0) 33 (21.6) 0.2771
11. Monitor pulse oximetry 3(13.0) 10(7.7) 13 (8.5) 0.4161
12. Arterial blood gases 0(0.0) 3(2.3) 3(2.0) 1.000 !
13. Administer oxygen therapy 4(17.4) 14 (10.8) 18 (11.8) 04791
14. Monitor peripheral perfusion 2(8.7) 2(1.5) 4(2.6) 0.1081!
15. Use of antiarrhythmic 1(4.3) 12(9.2) 13 (8.5) 0.6931
16. Cardiac auscultation 3(13.0) 12(9.2) 15 (9.8) 0.702 1
17. Pulmonary auscultation 3(13.0) 19 (14.6) 22 (14.4) 1.0001!
18. Administer anticoagulants 11 (47.8) 50 (38.5) 61 (39.9) 0.398 2
19. Use of analgesics medication 1(4.3) 11 (8.5) 12 (7.8) 0.6951
20. BLS and ALS * 1(4.3) 2 (1.5) 3(2.0) 0.3891
21. Start oral nutrition 0.00 5(3.8) 5(3.3) 1.000 !
22. Transfer to ICU 0 (0.00) 39 (30.0) 39 (25.5) 0.002 2
23. Transfer to hemodynamics 8(34.8) 38(29.2) 46 (30.1) 0.592 2
24. Use of vasoactive drug 5(21.7) 25(19.2) 30 (19.6) 0.779 1
25. Blood transfusion 1(4.3) 1(0.8) 2(1.3) 0.2791

! Fisher’s exact test. 2 Pearson’s chi-square test. * Basic Life Support and Advanced Life Support.

80



Healthcare 2023, 11, 1734

Table 4. Survival at 24 h and 30 days and the different types of care/interventions investigated.
Botucatu, SP, Brazil.

Survival Time

Type of Care/Intervention

24h 30 Days rp* p**
1. Monitor pace and heart rate 1 0.2018 0.7222 0.6533
2. Monitor neurological state 0.966 0.1432 <0.0001 0.7051
3. Monitor liquid intake 0.9786 1.0146 0.0795 0.3138
4. Bladder catheterization 0.9786 6.7704 0.0795 0.0093
5. Performing a 12-lead ECG 1 0.3999 1 0.5271
6. Peripheral venous puncture 0.9556 0.4392 0.9766 0.5075
7. Central venous puncture 0.9797 20.4478 0.0006 <0.0001
8. Control laboratory tests 0.9259 0.7428 0.2953 0.3888
9. Get X-ray 0.967 0.9471 1 0.3305
10. Monitor non-invasive blood pressure 0.9917 9.6303 0.0074 0.0019
11. Monitor pulse oximetry 0.9857 5.5026 0.0007 0.019
12. Arterial blood gases 0.9667 0.2087 1 0.6478
13. Administer oxygen therapy 1 6.0546 1 0.0139
14. Monitor peripheral perfusion 0.9799 11.8516 <0.0001 0.0006
15. Use of antiarrhythmic 0.9797 1.2963 1 0.2549
16. Cardiac auscultation 0.971 0.6301 0.988 0.4273
17. Pulmonary auscultation 0.9695 0.0624 1 0.8027
18. Administer anticoagulants 0.9565 1.2973 0.6468 0.2547
19. Use of analgesics 0.9645 1.3717 1 0.2415
20. BLS and ALS *** 0.9733 28.7675 0.1876 <0.0001
21. Start oral nutrition 0.9662 0.5221 1 0.47
22. Transfer to ICU 0.9561 1.2891 0.419 0.2562
23. Transfer to hemodynamics 0.972 0.1492 1 0.6993
24. Use of vasoactive drug 0.9837 13.6671 0.0818 0.0002
25. Blood transfusion 0.9735 28.2419 0.0819 <0.0001

* p-value for the comparison of the survival rate at 24 h. ** 30-day survival assessment using the log-rank test.
*** Basic Life Support and Advanced Life Support.

Table 5 shows the results of the Cox regression analysis. There was a statistically
significant relationship between patient survival and the following interventions: central
venous puncture (p < 0.0001; HR = 7.69: 95% CI 1.853-31.905), peripheral perfusion
monitoring (p < 0.0001; HR = 6.835; 95% CI 1.349-34.634), BLS and ACLS (p = 0.0145;
HR = 8.053; 95% CI = 1.385-46.833), and blood transfusion (p = 0.0077; HR = 34.367;
95% CI = 6.489-182.106). PCA (Principal Component Analysis).

In Figure 1 we can observe from the PCA (Principal Component Analysis) that the
variables comorbidities, obesity, previous smoking, and transfer to ICU showed a negative
correlation with death (i.e., no detectable/direct effect). However, the remaining variables
showed a positive effect on death (i.e., red line). The survival presents a greater correlation
with the interventions that are in the second quadrant of the figure (right).
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Table 5. Cox regression of the types of intervention associated to a higher survival rate in 30 days.
Botucatu, SP, Brazil.

95% CI
Interventions p OR . :
Minimum Maximum
Central venous puncture <0.0001 7.69 1.853 31.905
Monitor peripheral perfusion <0.0001 6.835 1.349 34.634
BLS and ACLS 0.0145 8.053 1.385 46.833
Blood transfusion 0.0077 34.376 6.489 182.106
0.3
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Figure 1. Principal Component Analysis (Legend: Comorbidities: COMO; Obesity: OBSE; Smoking;:
SMO; Previous smoking: PSMOK; Dyslipidemia: DYSLI; Diabetes: DIAB; Hypertension: HYPER;
Myocardial infarction: MI; Coronary artery disease: CAD; Monitor pace and Heart Rate: MPHR;
Monitor neurological state: MNS/MLI; Bladder catheterization: BC; Performing a 12-lead ECG: PECG;
Peripheral venous puncture: PVP; Central venous puncture: CVP; Control laboratory tests: CLT;
Getting X-ray: XRAY; Monitor non-invasive blood pressure: MNONI; Monitor pulse oximetry: MPO;
Arterial blood gases: ABG; Administer oxygen therapy: AOT; Monitor peripheral perfusion: MPP;
Use of antiarrhythmic: UOA; Cardiac auscultation: CAUS; Pulmonary auscultation: PA; Administer
anticoagulants: AA; BLS and ALS:BLSALS; Start oral nutrition: SON; Transfer to ICU: TICU; Transfer
to hemodynamics: TTH; Use of vasoactive drug: UVD; Blood transfusion: BTRANS; Number care:
NCARE; Death: DEATH; Days of hospitalization: DHOSP).

4. Discussion

The nurse’s role in the emergency room is crucial in determining the differential
diagnosis of chest pain and the prognosis of a patient presenting with chest pain of cardiac
origin which requires prompt and specific care. In this study, there was a predominance of
older male participants who were hospitalized for an average of six days. This demographic
is similar to that in a study conducted in another state of Brazil for patients with chest pain
complaints who were admitted to the emergency room [18]. Additionally, in the literature,
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among patients with acute chest pain seen in the emergency room, women are less likely to
have AMI or be diagnosed with ischemic heart disease [19].

With regards to comorbidities, arterial hypertension, dyslipidemia, and diabetes stood
out as the most prevalent comorbidities, since they are considered classic risk factors for the
onset of cardiovascular diseases. A recent study carried out among 80 patients admitted
after AMI at the University Hospital of Sarajevo showed that the incidence of diabetes
mellitus and obesity was significantly higher in patients aged over 45 years. Conversely,
other risk factors, such as hypertension and cholesterol, were prevalent among all age
groups [20].

In this study, precordial radiating pain of less than one hour’s duration was the most
common symptom at the time of admission. Cardiac chest pain usually lasts for a few
minutes, whereas angina lasts for 2 to 10 min and AMI for more than 20 min. A sudden or
continuous pain lasting several hours is rarely angina [21].

The most common diagnoses were myocardial infarction followed by unstable angina.
This concurs with data from the national epidemiological profile that shows that 15% to 30%
of patients with chest pain are diagnosed with acute myocardial infarction with ST-segment
elevation or unstable angina [11].

Close to 10% of participants seen in the emergency room died. Studies have shown
that 40-65% of deaths from AMI take place within the first hour of presentation while
80% occur within the first 24 h [22]. A high mortality rate within this timeframe could be
attributed to arrhythmias such as ventricular fibrillation leading to cardiorespiratory arrest.

The ACC/AHA Joint Committee on Clinical Practice Guidelines recently developed
and published a guideline for evaluation and diagnosis of chest pain. The intent of the
new guideline is to outline a framework for evaluation of acute or stable chest pain syn-
dromes or other anginal equivalents in various clinical settings, but especially in emergency
departments, with emphasis on identification of ischemic and other potentially high-risk
etiologies [23].

In the TIMI risk score for AMI with ST-segment elevation validation study in Porto
Alegre Brazil, the mortality rate of 602 patients with a maximum age limit of 65 years was
8.6%. In the international literature, mortality rates after AMI range from 7.6 to 24% [24-26].

However, there are gender differences in the prognosis of AMIL A survey of 2042
patients revealed that in the short term (28 days), the prognosis of AMI is similar for both
sexes; however, in the long term (7 years), the prognosis of male patients with AMI is worse
when compared to women [27].

The most common nursing care provided was performing 12-lead ECG; however, this
did not differ by patient group. It is well-established in the literature that the “door-ECG”
time interval should not exceed ten minutes. Moreover, all patients with suspected ACS
should have their heart pace and heart rate monitored at the initial assessment to detect
cardiac arrhythmias and conduction disorders, which are frequent during the first hours of
AML. In clinical practice, it is possible that there may have been recording mistakes during
this investigation due to the dynamics of care in this type of service. However, we did not
evaluate for this [11].

Another frequent intervention performed by the nursing care team was to check
laboratory tests. From the blood collection, it is possible to identify the biochemical markers
of myocardial damage, such as troponin, CKMB, and myoglobin, which are essential for
confirming a diagnosis of infarction. There is a direct association between the elevation of
such biochemical markers and the risk of cardiac events; troponin is considered the most
specific marker for myocardial ischemia [28].

The peripheral venous puncture for rapid drug administration, for laboratory tests,
and prior to intravenous therapy was also a routine procedure in clinical practice.

After comparing the interventions performed on the two patient groups, patients in G2
were more likely to have had a central venous puncture and to be transferred to the ICU. It
is possible that this care was only provided to patients who remained hospitalized, probably
due to clinical complications, hemodynamic instability, and the need for vasoactive drugs.
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The present study showed, after analyzing the type of patient care provided based
on the length of time investigated (i.e., immediate (24 h) and delayed (30 days)), that
central venous catheter, non-invasive blood pressure monitoring, pulse oximetry, and
monitoring peripheral perfusion were associated with survival in both groups of patients.
Patients in pain or showing signs and symptoms of respiratory failure should, therefore,
receive oxygen if their oxygen saturation is below 94%. This also justifies their rigorous
monitoring [11].

With regards to the wide use of pulse oximetry, it is important for nurses to have
good knowledge of interpretation of its parameters to avoid any errors and, ultimately,
prevent any risk to the patient [29]. In addition, nurses should understand that although
pulse oximetry has a key role in the oxygen level assessment, it is not the most adequate
procedure to assess a patient’s ventilation capacity [30]. The pulse oximetry only measures
the percentage of saturated hemoglobin with oxygen. Both the hemoglobin level and SpO,
are needed to accurately interpret the oxygen level available for perfusion [31].

Based on the Cox regression analysis performed to answer the second specific objective
of this study, monitoring peripheral perfusion and conducting peripheral venous puncture,
BLS, ACLS, and blood transfusion positively contributed to increasing a patient’s chance of
survival at 30 days.

The use of the central venous catheter was a procedure that influenced survival
positively in all analyses, corroborating the findings from clinical practice since this type of
catheter is also used in the infusion of vasoactive drugs.

Our results regarding both BLS and ACLS maneuvers are in accordance with previ-
ous studies showing that adopting an immediate intervention such as cardiopulmonary
resuscitation of individuals with cardiac arrest is crucial to increase their survival rate [32].

A previous study conducted with 35.065 patients who suffered cardiac arrest outside a
hospital environment showed that advanced life support care was associated with survival
until hospital discharge when provided initially or within six minutes from the BLS,
Advanced life support care, with or without basic life support, was associated with an
increased return of spontaneous circulation [33].

Limitations

There were some limitations. Incomplete documentation of patient care provided in
the emergency room impacted the comprehensiveness of our analysis. Furthermore, the
patient’s severity score, a vital piece of information due to mortality risk prediction, was
not evaluated.

Furthermore, limited information in the literature regarding the types of interventions
given to patients with chest pain made it difficult to compare our results to that of published
literature. Nevertheless, more research should be conducted in this area in which nursing
plays a major role.

5. Conclusions

Even though there have been many technological advances over the past decades, this
study demonstrated that immediate and long-term survival depended on interventions
received in an emergency room for many patients.

Central venous catheter, non-invasive blood pressure monitoring, pulse oximetry and
monitoring peripheral care interventions were associated to survival at 24 h and 30 days.
Advanced and basic support life support, blood transfusion, central venous catheter, and
monitoring peripheral perfusion influenced independently the survival rate of participants.
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Abstract: Although central venous pressure (CVP) is among the most frequent estimated hemody-
namic parameters in the critically ill setting, extremely little is known on how intensive care unit (ICU)
nurses use this index in their decision-making process. The purpose of the study was to develop a
new questionnaire for accessing how ICU nurses use CVP measurements to address patients” hemo-
dynamics investigating its validity and reliability. A cross-sectional study was conducted among
120 ICU nurses from four ICUs of Greece. Based on a comprehensive literature review and the
evaluation by a panel of five experts, a new questionnaire, named “CVP Score”, was created, having
eight items. The construct validity and the reliability of the questionnaire were examined. Half of the
study participants (51.7%) worked at a specialized ICU, and they had a mean [£Standard Deviation
(SD)] ICU experience of 13(£7.1) years. The estimated construct validity of the newly developed
tool was acceptable, while the internal consistency reliability as measured by Cronbach alpha was
excellent (0.901). CVP Score had acceptable test-retest reliability (r = 0.996, p < 0.001) and split-half
reliability (0.855). The CVP score is a valid and reliable instrument for measuring how critical care
nurses use CVP measurements in their decision-making process.

Keywords: central venous pressure; intensive care units; questionnaire; reliability; validity

1. Introduction

Central venous pressure (CVP) is a hemodynamic parameter that has widely been
monitored in the intensive care units (ICU) for assessing cardiac function, the right atrium
preload, the volume status, the fluid responsiveness in critically ill patients, and it is defined
as the estimated pressure in the vena cava, so can be considered as a measurement of cardiac
preload and right atrial pressure [1-3]. The normal range of CVDP, that is measured in a
supine position via a central venous catheter placed into the subclavian or internal jugular
vein, is inconsistent with different depicted values, such as 2-8 mmHg [4], 0-10 mmHg [5],
or 5-15 mmHg [6], available in the currently available published research. A normal CVP
waveform consists of three peak (a, ¢, and v waves) and two descent (x and y) phases
that represent pressure changes in the right atrium. The a, ¢, and v waves represent atrial
contraction, isovolumic ventricular contraction, and atrial systolic filling, respectively.
Additionally, x descent highlights the relaxation of the atrium, while y descent highlights
the early ventricular filling [5].

CVP is considered as a static indicator of cardiac preload and blood returning to the
right side of the heart, despite other parameters, such as systolic pressure variation, pressure
pulse variation, stroke volume variation, tidal volume challenge, respiratory change in aor-
tic blood flow, aortic blood flow peak velocity variation, respiratory changes in pre-ejection
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period, variation of plethysmography, and superior-inferior vena cava collapse index, that
have been recognized as dynamic indexes of fluid responsiveness [7]. Even the variability
in CVP values cannot reliably predict intravenous fluid therapy responsiveness among the
ICU patients’ setting and the assessment of CVP values’ changes remains problematic and
cannot be used to determine if a patient is fluid overloaded or dehydrated [7]. At the same
time, the existing evidence strongly suggests the inadequacy of single CVP measurements
to guide fluid administration and resuscitation clinical decisions. It seems that only extreme
measurements of CVP either low or high could guide fluid administration interventions in
a more effective way [1].

Indeed, over the course of time, the usefulness and the accuracy of CVP as a strong
hemodynamic and endovascular volume index has been debated and the currently avail-
able published research reveals no absolute correlation between CVP values and the total
blood volume present in human circulation [8]. Osman et al. [9], in their retrospective
study of 96 patients conducted in a single 24-bed medical ICU, reported that a CVP value
less than 8 mmHg has a positive and negative predicted value of 51% and 65%, respec-
tively. Additionally, Marik et al. [10] by using meta-analysis of 24 studies with a sample of
803 critically ill patient concluded that CVP is unable to predict fluid responsiveness and
there is no adequate proof to support the practice of using these parameters as a guiding
index of fluid administration for therapeutic purposes. In line with the above-mentioned
findings, a recent single-center study of 97 critically ill patients who underwent allogeneic
renal transplantation showed the superiority of stroke volume variation in guiding fluid
management compared with CVP, reporting that fluid management guided by stroke vol-
ume variation monitoring, compared with CVP values evaluation, can be associated with
optimal outcomes, such as the reduction in intraoperative fluid volume, the improvement
of the kidney perfusion, and the promotion of postoperative recovery [11]. In favor of
these data, the European Society of Intensive Care Medicine does not recommend the
CVP as a measure to guide the fluids” administration and to predict the patient respon-
siveness to fluid therapy [8]. It seems that many inherent weaknesses of the CVP affect
negatively its reliability, given that CVP values are altered by many of parameters outside
the circulating blood volume, such as venous compliance, systematic vascular resistances,
pulmonary hypertension, tricuspid valve insufficiency, heart failure, cardiac dysrhythmias,
and conditions associated with increased intrathoracic pressure, including cardiac tam-
ponade, tension pneumothorax, positive pressure mechanical ventilation, and positive
end-expiratory pressure [12]. Additionally, CVP can be altered due to the patient body
posture [13] or the presence of a valve disease [7].

Despite the inherent limitations of the CVD, that generate its sensitivity in a variety of
parameters and clinical disorders, and the presence of other methods for volume status
estimation and guidance to fluid administration in the clinical setting, such as trans-
esophageal echocardiography and ultrasound-guide techniques, CVP remains the most
frequent estimated hemodynamic parameter in the critically ill setting by intensivists and
critical care nurses [14]. In Greece, recently the CVP measurement and estimation are
among the legal professional duties of the critical care nurses [15]. It is possible that the
minimal and low-cost apparatus, the easiness to be measured, and its satisfactory predictive
value concerning extremely low of high values [1] are the main factors that could explain,
despite the current research trends and data, its classification among the most frequently
hemodynamics parameters that measured among critically ill patients in order to guide
clinical decisions regarding the fluids’ response and therapy.

Although many studies have been carried out in order to determine the accuracy and
the reliability of CVP value for the estimation of critically ill volume and hemodynamic sta-
tus [9,10,16], nothing we know regarding the extent in which critical care nurses, use CVP
measurements in their decision-making process for the optimal volume, hemodynamic,
and cardiovascular management of the critically ill patients, given that CVP measurements
are both a frequent intervention and a legally recognized critical care nurses’ professional
responsibility. Attempting to add new research data to this body of knowledge was the
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aim of the present study in order to instigate the development of a new questionnaire for
accessing how critical care nurses use CVP measurements to address patients” hemody-
namics and volume status. Additionally, this study aimed to investigate the validity and
reliability of this newly developed questionnaire.

2. Materials and Methods
2.1. Study Design and Participants

A cross-sectional, validation study was conducted among critical care nurses from four
ICUs of two general tertiary hospitals of Greece. Being a critical care nurse was the inclusion
criterion of the study. On the other hand, nurses who were unwilling to give their written
consent to participate in our study and those with uncompleted filled out questionnaires
were excluded. Based on these exclusion criteria, the final study sample was 120 critical care
nurses. Data collection took place during a three-month period (from August to October
2018). This sample size meets the minimum requirement for the instrument validation
process for at least 10 participants per questionnaire item [17].

2.2. Content Validity

Aiming to create the new questionnaire, named “CVP Score”, a comprehensive litera-
ture review was conducted. In the currently available published research, we did not find
any instrument which measure how nurses use CVP values in order to manage the critically
ill patients and to determine their nursing care plans. At the first phase of the development
of the CVP Score, 10 items have been selected for the entire questionnaire. Each item was
a full sentence of specific interventions related to how nurses use CVP values in order to
determine their care planning and to make clinical decisions for the critically ill patient
management. Each item of the questionnaire could be answered using a 4-point Likert
scale from “Never” (1 point) to “Always” (4 points).

Assessing the content validity of the new-developed questionnaire, this tool was
evaluated by a five-expert panel, consisting of 2 ICU nurses, 1 intensivist, and 2 researchers
with significant scientific work on intensive and critical care nursing. Each item of the
questionnaire was graded by the experts as “essential”, “useful but inadequate”, or “un-
necessary”. All experts’” evaluations were taken into account and finally 2 items were
excluded from the questionnaire, given that their content validity ratio was lower than
0.99, according to the Lawshe Table for Minimum Values of content validity ratio [18,19].
Specifically, the content validity ratio of the first and second excluded items were 0.66 and
—0.2, respectively. Subsequently, 10 people from the general population and out of our
study sample provide feedback on the 8-item questionnaire, evaluating the linguistic clarity
of the tool.

As presented in Tables S1 and S2, the final 8-item tool included the following questions.
(1) I routinely measure CVP, two or more times during my shift; (2) I measure central venous
pressure in each case of patient hemodynamic instability; (3) I estimate the fluid volume
excess or deficit based on CVP values, more than the others hemodynamic parameters;
(4) I plan fluid administration in low CVP values, independently of the patient blood
pressure and heart rate (beats/min); (5) I plan to give diuretics and/or to limit fluid
administration, independently of the patient blood pressure and heart rate (beats/min);
(6) I plan my interventions (fluids administration—limitation, diuretic administration)
taking into account the isolated CVP values, more than their trends—changes; (7) the
inability for CVP measurement (e.g., absence of a central venous catheter, blocked lumens)
negatively affects me to estimate patient hemodynamics; and (8) I predict patient fluid
responsiveness by CVP values.

2.3. Data Collection

Structured face to face interviews were conducted for data collection purposes, among
120 critical care nurses from two ICUs of two general tertiary hospitals of Greece, using
the “CVP Score” and a second short questionnaire on basic participants” demographics.
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The CVP score ranged from 8 to 32. The high values of the CVP Score indicate high use of
CVP for the nursing assessment of patients” hemodynamic and volume status, while low
values are indicative that nurses considered CVP as a poor clinical tool in order to estimate
patients” hemodynamics and to plan their provided care based on its values. An optimal
cut-off point could be the median value of CVP Score and in our previous manuscript [20]
we had defined the value of 16 as the value that marks the high (>16) and low (<16) values
of the CVP Score. At the second stage (second assessment), the participants re-answer the
questionnaire through phone interviews, after one month from the first assessment, using
the same order, to avoid memory effect on test and retest measurements.

Furthermore, data gathering purposes were served through a short questionnaire
on basic participants” demographic characteristics, such as age, gender, educational level
(undergraduate and postgraduate), experience as clinical nurse, experience in the ICU
setting and ICU type (general or specialized)

2.4. Ethics

Written permission was given from the ethics committee of both of the hospitals
(234/18-07-2018 and 36382 /31-07-2018). Precautions took place to protect the privacy and
anonymity of the participant subjects and the confidentially of their data and information,
while participants gave their sign informed consent. The collected data were used only
for the purpose of the present study. All the stages of the research were carried out in full
accordance with the ethical standards of the Helsinki Declaration of 1975, as revised in
2013.

2.5. Statistical Analysis

Quantitative and qualitative variables were expressed as mean [£Standard Deviation
(SD)] values and absolute—relative frequencies, respectively. Construct validity was de-
scribed by calculating the Pearson’s correlation coefficient r of the scores of the participants’
responses to an item with their total scores. The Cronbach alpha coefficient was calculated
for the internal consistency reliability of the entire questionnaire. Pearson’s rank correlation
coefficient was performed to measure the level of agreement between responses at test
and re-test, while the Spearman-Brown formula was used for computing the split-half
reliability. The IBM SPSS 24.0 for Window software (Armonk, NY, USA: IBM Corp) was
used for our statistical analysis purposes.

3. Results
3.1. Demographics and Descriptive Statistics

As shown in Table 1, the mean (£SD) age of our study participants was 42.3 & 6.1 years,
while the majority of our sample was female subjects (71.7%), graduates of technological
tertiary education (88.3%), and had no postgraduate education (66.7%). In addition, half of
the study participants” (51.7%) worked at a specialized ICU, and their mean (£SD) clinical
and ICU experience was 17.3 (£6.8) and 13(£7.1) years, respectively (Table 1). Finally, the
mean (£5D) and the median (Interquartile range) CVP Score were 15.8 (£5.7) and 16 (10.7),
respectively.

3.2. Association between Variables

In a previous manuscript, we have shown the correlation between independent vari-
ables, such as gender, educational level (basic and postgraduate), ICU type, clinical experi-
ence, and experience in an ICU setting, and only the male gender was found as a significant
predictor of increased CVP Score values that indicate the higher use of CVP by critical care
nurses [20].

3.3. Construct Validity

As aforementioned and summarized in Table 2, construct validity was evaluated with
the Pearson’s correlation coefficient r of the scores of participants’ responses to an item with
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their total scores. All the calculated values were statistically significant and each obtained
Person Correlation coefficient value was greater than the critical value from the Pearson’s
Correlation Table at 118 (N-2) degrees of freedom.

Table 1. Demographic characteristics of study participants.

Mean (+SD)
Age (years) 42.3 (6.1)
Clinical experience (years) 17.3 (6.8)
ICU experience (years) 13 (7.1)

n (0/0)
Gender
Males 34 (28.3)
Females 86 (71.7)
Basic educational level
University tertiary 14 (11.7)
Technological tertiary 106 (88.3)
Postgraduate education
Yes 40 (33.3)
No 80 (66.7)
ICU type
General 58 (48.3)
Specialized 62 (51.7)

ICU: Intensive care unit, SD: Standard deviation.

Table 2. Correlation of each item score with their total scores.

01 Q2 Q3 Q4 Q5 Q6 Q7 Qs Total

o Cgfrirlzct’f(‘m 1 0.745 0.522 0.326 0.461 0.420 0.396 0.422 0.731
p-value <0001 <0001 <0001 <0001  <0.001  <0.001  <0.001  <0.001

- Cgfrirlzct’gn 0.745 1 0.627 0.413 0.509 0.358 0.489 0.536 0.791
p-value <0.001 <0001 <0001  <0.001  <0.001  <0.001  <0.001  <0.001

o Cgfrirlzct’gn 0522  0.627 1 0.772 0.657 0.585 0477 0571 0.841
p-value <0.001  <0.001 <0001 <0001  <0.001  <0.001  <0.001  <0.001

o Cgfrflz“t’gn 0326 0413 0.772 1 0.732 0.652 0.326 0.578 0.757
p-value <0001 <0.001  <0.001 <0001 <0001  <0.001  <0.001  <0.001

- Cgfrflz‘t’gn 0461 0509 0.657 0.732 1 0.627 0.267 0.509 0.760
p-value <0001 <0001  <0.001  <0.001 <0.001 0.003 <0001  <0.001

o6 Cgfrflzct’gn 0420 0358 0.585 0.652 0.627 1 0.562 0.680 0.771
p-value <0001 <0001  <0.001  <0.001  <0.001 <0.001  <0.001  <0.001

o Cgfrflict’gn 0396  0.489 0477 0.326 0.267 0.562 1 0.668 0.681
p-value <0001 <0.001  <0.001  <0.001 0.003 <0.001 <0001  <0.001
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Table 2. Cont.

01 Q2 Q3 Q4 Q5 Q6 Q7 08 Total
- Cgreraei‘:g L0422 0536 0.571 0.578 0.509 0.680 0.668 1 0.803
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Cgfrirlz(:g L0731 0791 0.841 0.757 0.760 0.771 0.681 0.803 1
Total
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Furthermore, a factor analysis was performed. Specifically, the KMO measure of
sampling adequacy was 0.806 and Bartlett’s test of sphericity was 648.380, df = 28, p < 0.001.
Factor analysis indicated that there are two principal factors in the model, and these
accounted for 72.24%, as presented in Table 3. The first factor (F1) includes item 1
(I routinely measure CVP, two or more times during my shift) and its contribution was
59.326%. The second factor (F2) consists of item 2 (I measure central venous pressure in
each case of patient hemodynamic instability) and the variance explained by this factor
was 12.920% (Table 3). Cronbach’s alpha was 0.702 and 0.251 for F1 and F2, respectively.
Table 3. Exploratory factors and explained variance after rotation for the CVP score.
Total Variance Explained
Item Initial Eigenvalues Extraction Sums of Squared Loadings S{:ﬁ:ifgrii:ﬁsgo: a
Total % of Variance Cumulative % Total % of Variance = Cumulative % Total
Q1 4.746 59.326 59.326 4.746 59.326 59.326 4.191
Q2 1.034 12.920 72.246 1.034 12.920 72.246 3.624
Q3 0.904 11.306 83.552
Q4 0.436 5.453 89.005
Q5 0.320 4.004 93.010
Q6 0.256 3.194 96.203
Q7 0.158 1.977 98.181
Q8 0.146 1.819 100.000

Extraction Method: Principal Component Analysis. * When components are correlated, sums of squared loadings
cannot be added to obtain a total variance.
3.4. Instrument Internal Consistency Reliability

The Cronbach alpha was 0.901 for the entire questionnaire.

3.5. Test—Retest Reliability

By using test-retest reliability coefficient correlation analysis, a high positive correla-
tion was observed between the total scores of the two applications (r = 0.996, p < 0.001). The
measurements of the CVP Score are depicted via a scatter plot in Figure 1. More analytically,
100 participants had the same score on both assessments (test and retest) and 20 gave differ-
ent scores. From those who had different scores and answers the majority (14 participants)
had higher, by one point, CVP Score between the two assessments. The remaining six
critical care nurses had a two-point difference between the two measurements.

3.6. Split-Half Reliability
The split-half reliability was computed to be 0.855 using the Spearman-Brown formula.
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Figure 1. Scatter plot of the CVP Score test-retest measurements.

4. Discussion

According to the main aim of the present study, we developed a new instrument
in order to measure how ICU nurses use CVP in order to guide their planning, clinical
decisions, interventions, and fluid administration titration for the optimal management
of the critically ill patient. To the best of our knowledge, this new-developed tool named
“CVP Score” was the first instrument for the above-mentioned purpose, and this tool is
unique in the current literature. Another important aim of the present study was to test the
validity and reliability of this newly developed instrument. According to the findings of our
study, “CVP Score” is a valid and reliable instrument that intends to provide researchers a
significant and acceptable tool for assessing the extent of CVP values use by critical care
clinicians for ICU patients in the planning of care and decision-making.

The knowledge on how critical care nurses use CVP measurements for their care
planning is of utmost importance because there is not much information on this subject.
Although, it is evident that CVP is the most frequent hemodynamic parameters that are
estimated in the ICU environment; at the same time, we have a full absence of unambiguous
proof regarding the way of CVP values incorporation in the daily nursing clinical practice.
Theoretically, a significant probability is that critical care nurses estimate CVP values but
they do not use these measurements to guide their clinical decisions, based on the current
available literature results. Then, again, another probability is that CVP measurements
operate, in critical care nurses’ considerations and thoughts, as predictors of patients’
hemodynamics and guide for their fluid therapy. The existence of a questionnaire, such
as the “CVP Score”, could provide a tool for both replying to the above questions and
addressing the vision of critical care nurse on the value of CVP.

At the same time, future research projects findings with the use of the CVP score could
be used productively. The mapping of the critical care nurses’ considerations of CVP values
during their clinical decision-making is the first step for their educational needs’ evaluation
in the context of continuing professional education. For instance, the finding that critical
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care nurses base, to a considerable degree, their clinical decisions on the estimated CVP
values to manage the hemodynamic and volume status of ICU patients could work as
an alarming sign and alongside a motivation to establish educational interventions on
evidence-based nursing in the clinical setting aiming to provide documented, improved,
and updated research evidence on this topic. Likewise, the research community could
investigate whether CVP measurements are used and interpreted with different point of
views in different ICU settings, such as general ICU or specialized ICU (cardiac surgery,
neurosurgical ICU). Based on our professional experience, we can state the tendency of
critical care nurses to overestimate CVP values in specialized cardiovascular ICUs, such
as cardiac and cardiac surgery ICUs, but, that being said, nurses who provide intensive
nursing care to patients in general ICUs often underestimate the value of CVP measure-
ments, considering CVP as not a helpful parameter that cannot be taking into account in
their clinical decision-making process regarding the prediction of the hemodynamic and
overall patients’ fluid balance.

Validity is defined as the extent to which an instrument measures exactly what it is
supposed to measure without mistaking it with another issue, while reliability is the extent
to which an instrument gives consistent results in repeated measurements under similar
conditions [17]. Assessing the validity of the “CVP Score”, it followed that there needed to
be the appropriate methodology to ensure its content validity during the development of
our instrument. Additionally, the evaluated construct validity of the “CVP Score”, through
the correlation of each item score with the total score, emerged as acceptable [18]. Likewise,
construct validity assessed by factor analysis, based on our findings of KMO and Bartlett’s
tests that indicated that our sample was excellently adequate and the correlation between
the data was sufficient for factor analysis, respectively [18]. The validity of our 8-item
instrument was found to be 72.24%, demonstrating that CVP Score can achieve the purpose
it wants to measure [18]. The main contributive factor was the item I (I routinely measure
CVP, two or more times during my shift) explained the 59.326% of the total variance, while
the second item (I measure central venous pressure in each case of patient hemodynamic
instability) explained the remaining 12.920%.

On the other hand, assessing the reliability of our new-developed questionnaire we
observed that “CVP Score” had an excellent Cronbach alpha coefficient, given that this
parameter should have values higher than 0.59 and lower than 0.95 [18]. In addition,
test-retest reliability was computed as acceptable and, finally, aiming to estimate the split-
half reliability of our tool we found a strong positive correlation, which highlights our
questionnaire acceptability [18].

Despite the significance of the present study, the main limitation was the full absence
of a valid and reliable instrument which investigates the same issue. Thereafter, the
examination of parameters that evaluate how accurately the tool measures the outcome it
was designed to measure, the association of the tool with accepted standards, and its ability
to predict future test results, such as the criterion, concurrent, and predictive validity of the
“CVP Score”, respectively, were inapplicable [18,21].

5. Conclusions

All things considered, and according to the validity and reliability analysis of our
new-developed questionnaire, this tool is a valid and reliable instrument that could be
used in the critical care setting, aiming to measure the extent to which critical care nurses
use CVP measurements in their clinical decision-making process for the optimal volume,
hemodynamic, cardiovascular monitoring, and management of the critically ill patients.
It seems that ICU clinicians and researchers could use “CVP Score” to add new data
to the above-mentioned limited body of knowledge. Our study significance could be
underlying by the originality of the evaluated tool, taking into account that it is the first
one to serve the above-mentioned research purpose. Although, based on the current
literature, the value of the CVP measurement as a reliable index of cardiovascular and
intravascular blood volume status, which can guide the fluid administration therapy and
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predict fluid responsiveness is controversial, the measurement of CVP remains a standard
professional skill and responsibility of ICU clinicians, including critical care nurses. Our
study limitations show that further research is needed, using the “CVP Score” on greater
samples and in different ICU settings, countries, and healthcare systems.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/healthcare11111543 /51, Table S1: CVP Score (in Greek); Table S2:
CVP Score (in English).
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Abstract: Background: Following discharge from the intensive care unit (ICU), critically ill patients
may present cognitive dysfunction and physical disability. Objectives: To investigate the quality of life
(QoL) of patients following discharge from ICU, physical performance and lung function and to assess
the role of support by family members and friends. Methods: This prospective study was conducted
in the University Hospital of Larissa Greece between 2020 and 2021. Patients hospitalized at the ICU
for at least 48 h were included and assessed at hospital discharge, at 3 and at 12 months later. The
research implements of the study were a dedicated questionnaire and the SF-36 health questionnaire
for the appraisal of the QoL. Lung function changes were assessed by spirometry and physical
performance by the 6-min walking test (6MWT). Results: One hundred and forty-three participants
were included in the study. The mean (SD) of the physical and mental health SF-36 scores at hospital
discharge, 3 and 12 months were 27.32 (19.59), 40.97 (26.34) and 50.78 (28.26) (p < 0.0001) and
42.93 (17.00), 55.19 (23.04) and 62.24 (23.66), (p < 0.0001), respectively. The forced expiratory volume
in one second and 6MWT significantly improved over 12 months. Patients who were supported by
two or more family members or patients who were visited by their friends >3 times/week presented
better scores in the physical and mental SF36 domains at 12 months. Conclusion: This study shows
that the quality of life of Greek patients who were discharged from the ICU can be positively affected
both by the support they receive from their family environment and friends.

Keywords: ICU; patients” support; family support; PICS; quality of life; critical care

1. Introduction

Intensive care unit (ICU) hospitalization is a considerably stressful situation both
for patients and their families [1,2] and has various physical and mental implications.
Patients following ICU management may present reduced lung function [3], neuromuscular
dysfunction, anxiety and depression. Six months following ICU discharge, patients showed
reduced functional and pulmonary capacity, while an improvement was observed at
12 months after discharge [3]. These disorders in physical, intellectual and mental health
have been described as post-ICU traumatic syndrome [1] and may be present for years,
compromising the QoL of patients [4,5]. Family members may have an important role in the
management of a critical illness, because they are often responsible for making decisions
that the patients are unable to make on their own. Studies show that more than 50% of
patients have to be taken care of by family members [6,7]. In this respect, family members’
support is pivotal in improving the patients’ health by contributing to quality care [8]. In
turn, this has an impact on the lives of those family members. Indeed, when a patient is
at the ICU in critical condition, family members may also suffer from symptoms such as
anxiety, acute stress disorder, post-traumatic stress disorder, depression and complicated
grief [9]. In this respect, the long-term impact of a critical disease on the QoL of both
patients and family and the role of family in supporting critical care patients are important
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for planning effective supportive healthcare networks. Nevertheless, data regarding the
impact of family support on ICU patients’ post-ICU, especially in Greece, are limited.

In this study we aimed to investigate the QoL of ICU patients after their discharge
from a Greek ICU and to evaluate the impact of family on their QoL over a one-year period.
Furthermore, we aimed to assess lung functional changes and physical performance over
this period.

2. Methods

This was a prospective study conducted in a tertiary hospital in Larissa, Greece, be-
tween 2020 and 2021. Patients were included if they (a) were discharged from the ICU
following >48 h hospitalization and (b) were able to perform spirometry and the six-minute
walking test (6MWT) at hospital discharge based on treating physicians” decisions and agreed
to complete a questionnaire assessing the QoL and support received in daily activities.

The study was approved by the local ethics committee of the University Hospital of
Larissa (No. 43704). Informed consent was obtained by the patient or next of kin.

2.1. Study Outcomes

The relationship between the overall SF-36 score at 12 months following hospital
discharge and the support in daily activities (hours/day) received by family members and
friends in total was the primary outcome in the study. Secondarily, we assessed the exercise
performance by the 6SMWT and lung function by spirometry.

2.2. Data Collection

Participants were evaluated at hospital discharge at 3 and 12 months. Patient medical
records were evaluated to obtain demographic data, the severity of critical illness by the
Acute Physiology and Chronic Health Evaluation (APACHE II) score, cause of admission,
length of ICU stay, medical problems, medications and QoL variables.

The criteria for ICU admission/discharge or hospital discharge were left to the discre-
tion of the treating physicians.

2.3. Questionnaire Interview

A dedicated questionnaire and an SF-36 questionnaire were implemented to assess the
role of family support and the QoL. The questionnaire included items assessing the support
received by spouses, family and friends based on the previous literature [6,10]. Data were
adjusted for segregated care hours. Specifically, support received by spouses/family was
classified as 14 h daily, 4-8 h daily and 24 h daily. Support received by friends was
classified arbitrarily as every day, 3-4 times/week, once/week, 1-2 times/month and
never. The SF-36 questionnaire includes multi-item scales measuring each of eight generic
health concepts: physical functioning (PF), role limitations due to physical health problems
(RP), bodily pain (BP), general health perceptions (GH), vitality (VT) tapping energy lev-
els and fatigue, social functioning (SF), role limitations due to emotional problems (RE)
and mental health (MH). Each item is weighted with an additive scaling to calculate the
final domain score. A high score indicates a low impairment, and a low score designates
an important impairment. The questionnaire is valid for the Greek population. In the
present study, we arbitrarily used the median scores of participants in the physical and
mental components of the questionnaire to classify patients as those with improved scores
(= median) and those with deteriorating scores (< median). Completion of the question-
naires was not during the scheduled interviews. The schedule was carried out by telephone
communication. The questionnaires were completed in person by participants in outpatient
clinics. In cases where the presence of the participant in the hospital was not possible, the
evaluation was performed at home. In cases where the participant was not able to complete
the questionnaire alone, the questions were answered with the assistance of the next of kin.
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2.4. Respiratory Function Assessment

Lung function tests included spirometry to assess the forced expiratory volume in one
second, (FEV1) and forced vital capacity of the lungs (FVC). Spirometry was performed at
baseline and at the end of each time period with a computerized system. This system, which
meets the ATS standards, was calibrated every day with standardized techniques according
to the guidelines [11]. Pulse oximetric saturation (SpO2) was recorded immediately before
each measurement using pulse oximetry (Nonin 8500 M; Nonin Medical; Minneapolis,
MN, USA).

2.5. 6-Min Walk (6MWT)

The 6MWT was performed indoors about the same time of day along a 100-foot flat,
straight, enclosed hallway with a hard surface that was seldom traveled. The walking
course was 30 m in length, and it was marked every 3 m. Instructions to patients were
given according to the accepted recommendations. The patient should sit at rest in a chair
located near the starting position for at least 10 min before the test started. Clothing and
shoes should be appropriate for walking. During that time, oxygen saturation, pulse and
blood pressure were measured and baseline dyspnea was assessed using the Borg scale.
A physician should stand near the starting line during the test without walking with the
patient. Only the standardized phrases for encouragement were used during the test. When
the test was finished, the post-walk Borg dyspnea, oxygen saturation and pulse rate were
recorded, as well as the total distance covered [12].

2.6. Statistical Analysis

Data are expressed as mean (standard deviation (SD)) or median ((interquartile range
(IQR)) or n (%). Normality was assessed by the Shapiro—-Wilcoxon test. Comparisons
between patients were performed using a Mann-Whitney test for continuous variables
by t-test and nonparametric test. The means of two or more independent groups were
compared by one-way ANOVA. All statistical tests were 2-sided. A result was considered
statistically significant when p < 0.05. Analyses were performed using the SPSS v.25
software (ILLINOIS, USA).

3. Results

Overall, 143 patients were included in the study (Figure 1). Sociodemographic characteris-
tics and baseline clinical characteristics of participants are shown in Tables 1 and 2, respectively.

Table 1. Social and demographic characteristics of participants.

Age, years 56.8 (17.49)
Female Sex, n (%) 57 (39.86)
Family Status
Married, n (%) 106 (74.12)
Not-married, n (%) 31 (21.68)
Widow /er, n (%) 6 (4.20)
Accommodation
Urban, n (%) 76 (56.70)
Daily area, n (%) 34 (25.40)
Agricultural, n (%) 24 (17.90)
Education
Basic education, n (%) 28 (19.59)
High School graduates, n (%) 86 (60.15)
Technical School graduates, n (%) 6 (4.19)
University graduates, n (%) 10 (6.99)
Post graduate training, n (%) 3(2.09)
No education, n (%) 10 (6.99)
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Table 1. Cont.

Type of Profession
State employee, n (%) 13 (9.09)
Private employee, n (%) 25 (17.5)
Freelance, n (%) 9 (6.30)
Farmer, n (%) 10 (6.9)
Worker, n (%) 6(4.19)
Housekeeper, n (%) 14 (9.80)
Retired, n (%) 52 (36.36)
University student, n (%) 5(3.49)
Unemployed, n (%) 9(6.29)
Rehabilitation after ICU, n (%) 70 (48.9)
Time to return to daily routine after ICU
1-6 months, n (%) 58 (40.5)
6-12 months, n (%) 31(21.7)
>12 months, n (%) 54 (37.3)

Data are presented as the mean (SD) unless otherwise indicated.

Excluded for analysis N=483

Screened for inclusion

atICu + Hospitalized <2 days N=97

l

Included in analysis
N=143

l

Died at 3 months

l

Died at 12 months

» Refused to participate N=119

Figure 1. Flow chart of the study.

Figure 2 presents the SF-36 physical and mental health component scores of the
participants over 12 months following their hospital discharge. The SF-36 physical scores
at hospital discharge, 3 months and 12 months were 27.32 (19.59), 40.97 (26.34) and 50.78
(28.26) (p < 0.0001), respectively; the mental health scores at hospital discharge, 3 months
and 12 months were 42.93 (17.00), 55.19 (23.04) and 62.24 (23.66) p < 0.0001), respectively.
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Table 2. Clinical characteristics of participants in the study.

Cause of Admission

-Medical, n (%) 79 (55.25)
-Pneumonia, n (%) 6 (4.20)
-ARDS, n (%) 10 (6.99)
-Stroke, n (%) 31 (21.6)
Surgical, n (%) 48 (33.56)
APACHE II score 19 (1.1)
Mechanical ventilation, n (%) 126 (88.1)
Mechanical ventilation duration, (median 5 (2-12)
(IQR)), days
ICU stay, (median (IQR)), days 7 (3-14)
Hospital Stay, (median (IQR)), days 20 (15-20)
Spirometry *
FEV1, %pred 69.5 (21.5)
FVC, %pred 69.5 (20.4)
FEVI/FVC, %pred 106 (97-121)
PEF, %pred 58.5(25.1)
6MWT *, meters 43.84 (28.79)

Data are presented as the mean (SD) unless otherwise indicated. * Values at hospital discharge. ARDS: acute
respiratory distress syndrome; FEV1: forced expiratory volume; FVC: forced vital capacity; FEV1/FVC: the ratio
of the forced expiratory volume in the first second compared to the forced vital capacity of the lungs; PEF: peak
expiratory flow; 6BMWT: six-minute walking test.
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Figure 2. Physical and mental health scores of participants at different time points following ICU
discharge. Data are presented as mean (SD) values.

3.1. Lung Function and 6MWT

Lung function in terms of spirometric values and patients’ performances in the 6t MWT
over time are presented in Figure 3 The 6MWT distances (meters) at discharge, 3 months
and 12 months were 43.8 (28.8), 59.6 (37.8) and 160.4 (97.5) (p = 0.0001), respectively.

The forced expiratory volumes in one second (FEV1) (liters) were 2.20 (0.81), 2.30 (0.92)
and 2.40 (0.81), (p = 0.013), respectively, and the forced vital capacity (FVC) (liters) was 2.63
(0.96), 2.80 (1.11) and 2.95 (0.93), (p = 0.023), respectively.

3.2. Family Support and SF-36 Scores

Figure 4 presents details on daily support at different time points following hospital
discharge. One-hundred and forty-two out of one-hundred and forty-three (99.30%) pa-
tients received support by one or more family members, one hundred and thirteen (79.02%)
by their spouses and eighty-two (42.65%) by one or more friends. Patients received support
in their daily activities by their spouses at baseline, 3 months and 12 months for 15.14 h/day,
9.76 h/day and 6.35 h/day (p < 0.0001), respectively.
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Figure 3. Spirometric values (forced expiratory volume in one second (FEV1) and forced vital capacity
(FVC) and the six-minute walking test (6MWT) distances at different time points following ICU

discharge. Data are presented as mean (SD) values.
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Figure 4. Duration of daily support by family members/spouses (hours/day) and frequency of visits
by friends (number of visits/week) to patients at different time points following ICU discharge. Data

are presented as mean (SD) values.

Male patients received significantly more frequently support by their family in terms
of hours/day compared to females (p = 0.03). There was no association between the
gender and the number of family members involved in either supportive care or with the
duration of support by spouses or with the number of visits by friends. Participants with
basic education received significantly more frequent support by their family in terms of
hours/day. No other significant association was found between the demographic factors
and types of support by family, spouses and friends.

Tables 3 and 4 present patients with improved SF-36 scores (>median of the relevant
score of the total population or not) at 12 months follow-up. Patients with >median
scores had significantly increased lung function compared to patients who presented lower
than the median score. Patients with >median scores presented also shorter ICU stays
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(p = 0.0004) and hospital stays (p = 0.014). Those who presented >median SF-36 scores
at 12 months also had significantly lower frequencies of a stroke at admission (p = 0.001).
Participants with >median scores were supported more frequently by more than two
family members daily or by their friends (more than three times per week).

Table 3. Participant characteristics according to the median value of the physical domain of the SF36
questionnaire at 12 months.

>Median SF36 Score = <Median SF36 Score

N=71 N =72 p Value

Age, years 54 (35-69) 66 (52-75) 0.0001

Male, n (%) 43 (60.5) 42 (58.3) 0.6
Stroke, n (%) 7(9.8) 24 (33.3) 0.0001
ICU stay > 10 days, n (%) 17 (23.9) 36 (50) 0.001
Hospital stay > 10 days, n (%) 58 (81.6) 69 (95.8) 0.001
FEV1, % pred 86 (73-97.7) 49.5 (43.2-54.7) 0.0001
FVC, % pred 81 (68-93) 48 (44-53.5) 0.0001
FEV1/FVC, % pred 104 (95.5-112.5) 46 (43-52) 0.0001
PEF, % pred 81 (69-95) 47 (38-51) 0.0001
6MWT, meters 153 (99-250) 65 (38-101.5) 0.0001

Support by spouses 24/24 h, n (%) 10 (14.0) 12 (16.6) 0.8
Friends’ visits > 3/week, n (%) 39 (54.9) 14 (19.4) 0.0001
Family-Support > 2 members, n (%) 61 (85.9) 46 (63.8) 0.001

Data are presented as the median (IQR) unless otherwise indicated. FEV1: forced expiratory volume; FVC: forced
vital capacity; FEV1/FVC: the ratio of the forced expiratory volume in the first second compared to the forced
vital capacity of the lungs; PEF: peak expiratory flow; 6MWT: the six-minute walking test.

Table 4. Participant characteristics according to the median value of the mental domain of the SF36
questionnaire at 12 months.

>Median SF36 Score = <Median SF36 Score

N =73 N =70 p Value

Age, years 54 (36.5-69) 65.5 (53-74) 0.0001

Male, n (%) 45 (61.6) 40 (57.1) 0.9
Stroke, n (%) 7 (9.6) 24 (34.3) 0.001
ICU stay > 10 days, n (%) 19 (26) 39 (55.7) 0.001
Hospital stay > 10 days, n (%) 57 (78) 69 (97.1) 0.002
FEV1, % pred 88 (74-100) 54 (48.5-58.5) 0.0001
FVC, % pred 84 (78-99) 60 (52-65) 0.0001
FEV1/FVC, % pred 104 (95.5-112.5) 46 (43-52) 0.0001
PEF, % pred 88 (78-97) 49 (39.5-55) 0.0001
6MWT, meters 170 (106-250) 36.6 (7.5-58) 0.0001

Support by spouses 24/24 h, n (%) 12 (16.4) 10 (14.3) 0.3
Friends’ visits > 3/week, n (%) 36 (49.3) 17 (24.3) 0.001
Family-Support > 2 members, n (%) 60 (82.2) 47 (67.1) 0.003

Data are presented as the median (IQR) unless otherwise indicated. FEV1: forced expiratory volume; FVC: forced
vital capacity; FEV1/FVC: the ratio of the forced expiratory volume in the first second compared to the forced
vital capacity of the lungs; PEF: peak expiratory flow; 6MWT: the six-minute walking test.

4. Discussion

The main findings of the present study are (a) participants who received more frequent
care by more than two members of their families presented better QoL at 3 and 12 months
after their discharge from hospital compared to patients who received care by fewer
members, (b) participants with >median of the SF36 score of the total population at 12
months were supported more frequently by more than two family members daily or by
their friends (more than three times per week) compared to patients with <median scores
and, (c) similarly, participants with >median of the SF36 score of the total population at
12 months had higher values in spirometry or in the 6MW'T compared to patients with
<median values of the cohort.
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The evidence shows that, even years after ICU admission, patients” QoL are sig-
nificantly decreased compared to the general healthy population [13]. According to
Wytske et al. (2021) [14], patients presented several problems both physically and cog-
nitively one year after being admitted to the ICU. The present study assessed the QoL
during a 12-month period at three different time points following ICU discharge in a
Mediterranean region during the COVID-19 pandemic. Our results suggest that patients
recovered gradually in terms of their QoL and presented maximum improvement in their
SF-36 scores at twelve months. The SF-36 scores in the physical and mental domains were
45.5 (29.6) and 57.8 (24.7), respectively; these values were significantly higher compared
to the respective values at hospital discharge and at the 3-month follow-up. There are no
available data for the SF-36 score evolution over time in this setting in Greece. The mean SF
score in a population with heart disease in Sweden was 70 [15]. In this respect, one might
argue that our population, despite the improvement in QoL at 12 months following ICU,
still had compromised QoL at that time point.

Previous studies of the field have suggested that the majority of long-term care for
adult patients, either at home or in a community facility, is provided by 90% of their
family members [16,17]. The present study shows that patients who were supported
more frequently by two or more family members had SF-36 scores at 12 months that
were >median value of the total cohort compared to patients who were less supported.
A plausible explanation might be that the quality of care may be enhanced when many
family members are involved in supporting a patient. We speculate that it is possible to
provide better help in practical issues (i.e., patients” mobility, enhanced communication
and household help) or they may offer psychological support, both important for patients
to recover better and faster. Another plausible explanation might be that aged persons
have fewer social networks, and therefore, the difference in QoL may be due to age and
associated comorbid conditions rather than the presence of social support itself. We believe
that a future investigation could define if a specific type of support may be significantly
associated with recovery.

Previous studies showed that the relationship between spouses’ care and the course of
patients” health is important. Spouses may spend long hours every day transferring and
helping their spouses who cannot care for themselves. In almost two-thirds of critically
ill patients, it is their spouses who cared for them after their discharge from the ICU.
Furthermore, younger spouses and females played a more active and regular role in the
care of patients compared to elderly or male ones [10,18,19]. In this study, we found that
ICU patients present better QoL when their spouses cared for them for more than 8 h daily.
In Greece, there are certain deficiencies in the organized distributed support [20] by the
state to seriously ill patients when they return to their home environment. It would be of
benefit for patients following their discharge from the ICU and hospital to be supported by
specialized groups of professionals that can provide home care and can assist spouses and
other siblings who live with the critically ill patients.

In this study, we found that the shorter the stay in the ICU for a patient, the better
their QoL will be. Previous studies of the field have shown an adverse association between
the length of stay in the ICU and the QoL of patients. Notably, when mechanical ventilation
(MV) was used for more than seven days, patients manifested worse QoL. In addition,
staying in the ICU for more than ten days was associated with higher mortality rates [18].
The contribution of the family is very important in this case as well. Family members’
support and visits at the ICU can reduce the length of stay; it has been observed that
communication and showing deep love and affection may affect the QoL positively [6,21,22].
In this respect, ICU planning should incorporate the maximum possible support from
relatives, when possible, to maximize their benefits and facilitate patients’ recovery.

In addition, we found that QoL was associated with the presence of acute neurological
illness. Previous studies have shown that stroke is the second leading cause of death and
disability worldwide, and depending on the severity of the stroke, it can cause reduced
physical fitness and quality of life. The consequences for the reduced QoL of patients
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suffering from a stroke are related to the duration of stay at the hospital and the program
that they followed when discharged [23-26]. These patients cannot be independent, because
most of them have permanent disabilities and must change their daily lives. In this respect,
they may need support from their family environment for their self-care. Needless to say,
the contribution of a specialized staff to help them deal with their problems and improve
their health is of crucial importance.

In the present investigation, we assessed patients’ physical performances and lung
function following the ICU in terms of the 6MWT distance and spirometry. Previous
studies have suggested that ICU patients who survived four months after discharge had
significantly worse outcomes than the healthy population [27,28]. The 6MWT performance
of ICU patients has been studied in severe respiratory disease; ARDS survivors presented
significantly reduced 6-min walking distances at six months and one year follow-up [29-31].
In our study, we found improvement in the 6BMWT distance at 3 and 12 months after ICU
discharge, however, the absolute distances were lower compared to healthy patients who
usually present higher 6SMWT distances (over 600 m) [28]. It remains elusive whether ICU
patients may regain their previous performances over longer time periods. Similar to the
6MWT distance, patients’ lung function presented significant improvement over 12 months
in our study. Previous investigations showed that patients with ARDS presented mild
abnormalities in lung spirometry following the ICU [32-34] or they may have presented
fluctuations that were within the normal limits during 3 to 5 years of follow-up.

The present study presents certain limitations that should be taken into consideration
when interpreting its findings. First, this is a one-center study that presents data from
a specific area in Central Greece, and the sample size of the population studied may be
relatively small to evaluate specific subgroups. However, this center provides services
to a respectively large population of people, and the results of the study could be useful
in implementing strategies at the local level. Moreover, the questionnaire used in the
study did not include questions with details on patients’ pre-hospital stay or their specific
mental support following patients” discharge from hospital. In addition, this study does
not provide details related to public and private health support for the patients. This type
of support is not standard, and thus, we cannot evaluate its impact on the QoL of patients.
Furthermore, the study does not provide details for MV variables in terms of the MV mode,
the MV settings used in the ICU or the mechanical properties of the respiratory systems
of the participants. We certainly acknowledge that these details may have provided more
insight on the evolution of patients” health over time.

5. Conclusions

In conclusion, this observational study suggests that critical care patients presented
significant improvement at 12 months following ICU admission in their QoL, lung function
and physical performance in terms of the SF-36 assessment, spirometry and 6MWT, respec-
tively. Daily support by family members and frequent visits by friends may have a positive
impact on the QoL of critical care patients following their discharge from the hospital.

6. Relevance to Clinical Practice

The role of family members and friends is particularly important for patients after
their discharge from the ICU. Family members and friends support during patients’ daily
activities may help in their recovery and improved quality of life in the long term. The
participation of family members could be incorporated into relevant programs that aim to
improve patients’ recovery from critical illnesses.
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Abstract: Background: It is not known whether intensive care unit (ICU) patients’ family members
realistically assess patients” health status. Objectives: The aim was to investigate the agreement
between family and intensivists” assessment concerning changes in patient health, focusing on family
members’ resilience and their perceptions of decision making. Methods: For each ICU patient,
withdrawal criteria were assessed by intensivists while family members assessed the patient’s health
development and completed the Connor—Davidson Resilience Scale and the Self-Compassion Scale.
Six months after ICU discharge, follow-up contact was established, and family members gave
their responses to two hypothetical scenarios. Results: 162 ICU patients and 189 family members
were recruited. Intensivists” decisions about whether a patient met the withdrawal criteria had
75,9% accuracy for prediction of survival. Families” assessments were statistically independent of
intensivists” opinions, and resilience had a significant positive effect on the probability of agreement
with intensivists. Six months after discharge, family members whose relatives were still alive were
significantly more likely to consider that the family or patient themselves should be involved in
decision-making. Conclusions: Resilience is related to an enhanced probability of agreement of the
family with intensivists” perceptions of patients” health progression. Family attitudes in hypothetical
scenarios were found to be significantly affected by the patient’s actual health progression.

Keywords: intensive care unit; resilience; realism; family; withdrawal decision

1. Introduction

Intensive care units (ICUs) are for patients with medical conditions that imminently
threaten their survival. Being hospitalized in ICU means that the patient’s physical health
has suffered excessive and possibly irreversible damage [1]. Additionally, the generally
unexpected admission of a patient to the ICU can be particularly frightening and distressing
for their loved ones [2]. Higher levels of anxiety, depression, and stress during admission
are commonly reported in the literature [3], while post-traumatic stress disorder and
complicated grief occur after discharge [4]. Nonetheless, family members are seen as an
integral part of the healthcare process and the need for good collaboration should always
be considered.

The most important decision made during an ICU stay is often whether to use life-
support devices to prolong life, or to discontinue life support and place more emphasis
on comfort measures, given that further intervention is futile [5]. To make such a decision
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as objectively as possible, intensivists have been extensively and thoroughly trained to
ensure that their judgment is based on globally recognized health indicators that objectively
determine the patient’s clinical picture.

Under these circumstances, it is common for the patients not to be able to express
their wishes to the medical team [6]. The role of family members is very important, as they
are called upon not to express their own opinion on whether the patient’s life should be
further mechanically assisted, but the patient’s own view, based on their perception of
the patient’s personality and character, or after relevant discussions with the patient prior
to admission to the ICU. It is not clearly known whether patients’ relatives realistically
assess the patient’s status of health [6,7]. In fact, an unrealistic perception of the patient’s
condition on the part of loved ones leads to tension and feelings of unease about the
decision to withdraw life support, reflected in overall satisfaction with healthcare system
performance [3,8,9].

Moreover, little is known about the factors that influence the patient’s family members
when asked to make end-of-life decisions on the patient’s behalf. In this context, the
concepts of mental resilience and self-compassion have been implicated as potential factors
in the psychological well-being of families in the ICU, including the subject’s ability to
succeed despite the adversities they face in life [10] and the subject’s ability to have a warm,
caring, empathetic, and non-judgmental orientation towards the self at times of suffering
and failure [11,12]. Specifically, our group found that self-compassion and mental resilience
were highlighted as the two psychological traits that explain the overall psychological
distress experienced by attendants in the ICU environment [13].

It is essential to examine the factors influencing the realistic view formed by the
patient’s relatives, because these directly relate to the quality of communication with
medical staff and the overall experience in the ICU. Therefore, the question arises whether
these two characteristics are also related to the attendant’s increased ability to assess
realistically the patient’s state of health and to agree with the intensivist’s opinion.

A primary aim of the present study was to fill this research gap by examining whether
demographic variables, resilience, and self-compassion also influence family members’
realistic view of the patients” health. Then, we considered the post-ICU attitudes of family
members, and examined whether realistic attitudes during the experienced situation were
related to the belief that the family should participate in decision-making in other hypothet-
ical situations, and whether the evolution of the patient’s health played an important role.
In doing so, we also assessed the validity of hypothetical scenarios as tools for identifying
attitudes and perceptions, and their usefulness as policy-making tools.

2. Materials and Methods
2.1. Participants and Study Design

A cross-sectional study was conducted using a quantitative methodology, to evaluate
psychological impact on relatives of critically ill patients. The data were collected in two
time periods from 2019 to 2021; the first took place during the patient’s hospitalization in
the ICU of our tertiary university hospital, while the second took place six months after the
patient’s ICU discharge.

A total of 162 patients and their 189 family members, i.e., spouse, child, parent, or
other, were recruited and agreed to participated in the study. Family members of patients
with elective postoperative admission or brain death or who died within 1 week after
admission were excluded from the study. Oral informed consent was obtained from family
members and the study was approved by the Ethics Committee of the University Hospital
of Joannina.

Within the first two days after patient admission, the Glasgow coma score (GSC), the
acute physiology, age and chronic health evaluation score (APACHE), and the simplified
acute physiology score (SAPS) were assessed by ICU physicians. When the medical status
and the prognosis of the patient were clarified, the director of the department together with
the 3 most experienced intensivists completed a brief screening questionnaire describing
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whether the patient met any of eight criteria for withdrawal of treatment, along with a single
direct question as to whether the patient would eventually survive. Then, 7-10 days after
patient’s admission to the ICU and in the knowledge of the intensivists’s assessment of the
patient’s health status, the relatives were asked to complete a multiple-choice questionnaire.
For each family member, gender, age, type of relationship, and their assessment of the
health progression of their relative were recorded on a five-point Likert scale (1: hopeless
to 5: hopeful).

Additionally, each family member completed the Connor-Davidson resilience scale
(CD-RISC) [14] and the self-compassion scale (SCS) [12]. The CD-RISC consists of 25 items
that are answered on a 5-point frequency scale (0 to 4). CD-RISC’s total score ranges from 0
to 100, with higher scores indicating greater perceived resilience [14]. The SCS consists of
26 questions answered on a 5-point frequency scale (1 to 5), and the total score is calculated
as the overall mean after 13 of the score values are reversed [12]. The total score reflects self-
compassion as defined as a dynamic balance between compassionate and uncompassionate
ways in which individuals respond emotionally to pain and failure, cognitively understand
their predicament, and pay attention to suffering [12].

Six months after each patient’s ICU discharge, telephone follow-up contact was estab-
lished with 153/189 (81%) of participants, all of whom had close contacts with a patient.
During this telephone interview, family members answered four questions about two
hypothetical clinical scenarios: one with a conscious and competent patient being able to
comprehend his actual state of health, and one with an unconscious patient who cannot
participate in medical decisions that affecting him. In both scenarios, the first question
assessed whether the patient’s family should be involved in the decision to withdraw life
support measures, while the second question aimed to capture the family member’s opin-
ion about who should be responsible for making the decision. The two scenarios were taken
from a previous study [15] and translated into Greek with minor changes in the responses,
allowing independent selection of all those involved in the decision-making process.

2.2. Statistical Analysis

The Chi-square test of independence was applied to evaluate whether two nominal
or ordinal variables were statistically independent. Analysis of variance was applied to
quantify the differences between more than two groups, while Tukey’s b test was employed
to highlight the homogeneous groups. To elucidate the similarities between respondents’
answers in the hypothetical scenarios, the distances between pairs of binary variables
were computed using the Dice coefficient of similarity (known also as the Czekanowski
or Sorensen measure) [16]. Then, a hierarchical cluster analysis was applied to provide an
indicative grouping of similar responses. A logistic regression model was applied to test
whether demographic factors, resilience, and self-compassion affected agreement between
family members’ and intensivists’ assessments, and a second logistic model was applied
in order to test whether agreement in assessment and the progression of patient’s health
affected respondents’ perceptions in analogous scenarios.

A two-sided level of significance of 0.05 was set for all statistical tests. The data were
analyzed using SPSS statistical package (version 21) and R statistical language [17].

3. Results
3.1. Sample Characteristics

The demographic sample characteristics for family members and patients are pre-
sented in Table 1. The mean age of family members was 46.5 (SD 11.4 years) and the
corresponding figure for the patients was 64.4 (SD 17.2 years). Among the family members,
111 (58.7%) were women; the corresponding figure for the patients was 52 (32.1%).
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Table 1. Family members’ and patients’ characteristics.

Family Members’ Characteristics (N = 189) Mean (SD)
Age 46.5 (11.4)
Gender Frequency (%)
Women 111 (58.7%)
Men 78 (41.3%)
Type of relation
Spouse/partner 36 (19%)
Child 97 (51.3%)
Parent 14 (7.4%)
Other 42 (22.2%)
Stay with the patient 77 (40.7%)
Patients’ characteristics (n = 162) Mean (SD)
Age 64.4 (17.2)
Gender Frequency (%)
Women 52 (32.1%)
Men 110 (67.8%)

N = sample of the family members, n = sample of patients admitted to ICU.

3.2. Intensivists Criteria for Withdrawing Life-Sustaining Treatment

Among the 162 patients admitted to the ICU, 46 (28.4%) met the intensivists’ criteria
for treatment withdrawal. Lack of future quality of life and futility of treatment were
the dominant clinical assessments. Meanwhile, hospital costs were not regarded as a
withdrawal criterion for any patient, while age was considered a criterion for six patients
(M =78.7 years, SD = 3.8) (Table 2).

Table 2. Intensivists’ criteria for withdrawal or non-escalation of support measures.

Criteria Frequency (%) @ ‘Z}ilt;g::vfr:lt x;:: :i;}:;
Lack of future quality of life 49 (30.2%) 38 (82.6%)
Prolonged lack of quality of life 41 (25.3%) 34 (73.9%)
Futility of treatment 27 (16.7%) 25 (54.3%)
Body pain 19 (11.7%) 19 (41.3%)
Wishes of relatives 9 (5.6%) 9 (19.6%)
Moral pain 6 (3.7%) 6 (13%)
Patient’s age 6 (3.7%) 5 (10.9%)
Cost 0 (Oo/o) 0 (OCVO)

M Descending frequency order; @ Percentage of the total 1 = 162 patients; ® Percentage of the 46 patients who
were judged to meet the withdrawal criteria.

The 46 patients that met the withdrawal criteria were significantly older (73.3 £ 11.5
vs. 60.9 + 17.8, p < 0.001) than the others, they were characterized by significantly higher
SAPS scores (54.7 £ 13.8 vs. 39.1 £ 12.7, p < 0.001) and APACHE scores (21.5 & 5.7 vs.
15.9 £ 5.8, p < 0.001), and significantly lower GCS scores (7.0 £ 3.0 vs. 10.1 £ 3.5, p < 0.001).
During ICU hospitalization, 25/46 passed away, with the remaining 21 patients at ICU
discharge presenting severe disability regarding feeding (nasogastric tube or gastrostomy),
breathing (tracheostomy), or mobility (hemiplegia, tetraplegia, critical care myopathy). Six
months after ICU hospitalization, nine patients were still alive with little (7) or moderate (2)
health recovery, and unable to live autonomously. Overall, the accuracy of the physician’s
classification (PAC) concerning patient’s survival was 75.9% during hospitalization, and
71% six months after hospitalization (Table 3).
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Table 3. Patients’ survival at ICU discharge and 6 months later, and survival prediction.

The Patient Met the Intensivists’ Survival Prediction Indexes
Time Patients (n) Survival Nz\hthdrawal Cnten;es Percentageaccuracy ¥ Sensitivity @ Specificity
Discharge from ICU 162 119 98 21 75.9% 84.5% 54.3%
After six months 112/119* 87 78 9 71.0% 67.2% 80.4%

() Percentage of patients correctly classified as survivals or non-survivals. ?) Percentage of patients classified
as not meeting the survival criteria who subsequently survived. ©® Percent of patients classified as meeting the
withdrawal criteria who died. n = sample of patients admitted to ICU. * 6 months after ICU discharge, it was
possible to contact family members for 112 out of 119 patients.

3.3. Family Members” Agreement with Intensivists Concerning Patient’s Health

About half of the 189 respondents (86, 45.5%) were overly optimistic about the patient’s
health progress (Table 4). The subjective optimism expressed by the patients’ family mem-
bers was statistically independent of the intensivist’s evaluation (c(4) = 6.279, p = 0.179).
The family members were divided into three categories according to their assessments, in
comparison with the those of the intensivists. The first category comprised family members
who did not expect a positive change in the patient’s health, while the doctors insisted on
the continuation of life support (N = 38). The second group contained the family members
who perceived the patient’s state of health in agreement with the intensivist’s perception
(N =108), and the third category included family members who expected a positive devel-
opment in the patient’s health while the intensivists suggested withdrawal of life support
(N =36). Overall, 74 (40.7%) of the respondents were not in agreement with intensivists’
judgments about changes in the health of their relative (Table 4).

Table 4. Family members’ assessment of the progress of patient health and comparison to the
intensivists’ assessment.

: p The Corresponding Patient Meets Agreement of Judgment
Family Memb
A:rsr:ssym eﬁ?:\bfust the Withdrawal Criteria (Family Member’s Judgment
Patient’s Health N (%) (Intensivist’s Judgment) Compared to Intelr\llsitvgst’s)

P . @ ot Agree
rogression No Yes Agree Pessimistic Optimistic
Hopeless 14 (7.4%) 7 7 7 7

2 12 (6.3%) 9 3 3 9
3 29 (15.3%) 22 7 22 7
4 41(21.7%) 29 12 29 12
Hopeful 86 (45.5%) 69 17 69 17
Total 182 (100%) 136 46 108 38 36

(M Family member’s judgment compared to intensivist’s. N = sample of the family members.

The mean resilience score for the total sample of family members was 70.8 (SD = 14.4)
analogous to the general Greek population (MP = 70.2, SD = 11.4) [18]. The mean score
for self-compassion was 3.3 (SD = 0.5), considered moderate (2.5 to 3.5) due to the lack of
clinical norms or scores to suggest that an individual has high or low self-compassion [19].

Logistic regression was carried out to quantify the effects of the patients” age and
gender, family members’ age and gender, staying with the patient, resilience, and self-
compassion in terms of the agreement between the attendant’s and intensivist’s assessment
of the patient’s health. The logistic model was statistically significant (omnibus test of
model coefficients: c2(8) = 19.432, p = 0.013), being able to predict correctly 66.7% of the
observations (sensitivity 81.6%, specificity 45.1%, 2-log likelihood = —215.865, McFadden’s
pseudo R squared = 0.083) (Table 5).

The attendant’s resilience (B = 0.031, ExpB = 1.032, 95% C.I. 1.005-1.060, p = 0.022), had
a significant effect on the probability of agreement concerning the patient’s health. Specifi-
cally, an additional score of one on the resilience scale corresponded to 1.032 times greater
likelihood that the respondent agreed with the intensivist’s view of the patient’s health. In
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particular, those who agreed were characterized by a significantly higher resilience score
(Mna = 68.0 vs. Mag =73.0, t(172) = 2.402, p = 0.017).

The effect of the patient’s age on realism was marginally rejected at the 0.05 level
(B = —0.020, ExpB = 0.980, 95% C.I. 0.960-1.000, p = 0.050), suggesting a noteworthy but
not significant effect. In this context, it is worth noting that the statistically significant
difference between patient age in the two groups (Mna = 68.0 vs. Mg = 60.6, t(172) = 2.775,
p = 0.006).

Table 5. Logistic prediction model of agreement between attendants’ and intensivists’ assessments.

95% C.I
Variable B SE Wald df P Exp B L ’
ower Upper
Intercept 1.005 1.508 0.444 1 0.505 2.731
Patient’s demographic
Gender —0.293 0.354 0.683 1 0.408 0.746 0.373 1.494
Age —0.020 0.010 3.843 1 0.050 0.980 0.960 1.000
Family members’ data
Close relation —0.424 0.482 0.773 1 0.379 0.654 0.254 1.684
Gender 0.328 0.337 0.948 1 0.330 1.388 0.717 2.688
Age —0.023 0.015 2.465 1 0.116 0.977 0.949 1.006
Living with the patient —0.384 0.355 1.170 1 0.279 0.681 0.340 1.366
Resilience 0.031 0.014 5.268 1 0.022 1.032 1.005 1.060
Self-compassion —0.044 0.373 0.014 1 0.906 0.957 0.461 1.987

3.4. Family Participation in the Theoretical Scenarios, 6 Months after the ICU Experience

At the second sampling timeperiod, among the 153 family members that responded
to the study, 13 were parents, 31 were spouses, 18 were brothers, and 91 were offspring.
In both hypothetical scenarios, most of the respondents favored family participation in
decision making (Scenario 1: 78, 51.0%, Scenario 2: 109, 71.2%) (Table 6).

A logistic regression analysis was applied to test the effects of patient’s age, agreement
with intensivists during hospitalization, and survival of the patient on the probability of
considering family or patient responsible for the withdrawal decision. The logistic model
was statistically significant (Omnibus Test of Model Coefficients: c2(5) = 12.888, p = 0.024),
being able to predict 66.7% of the observations correctly (sensitivity 93.9%, specificity 18.2%,

—2-log likelihood = —186.966, Nagelkerke pseudo R squared = 0.111) (Table 7).

Table 6. The hypothetical clinical scenarios.

Scenario 1

Scenario 2

A 60-year-old married woman with severe cancer and
pneumonia needs the assistance of a ventilator in order to
breathe. The woman will die within 24 h if the ventilator is
withdrawn. The woman'’s physician is completely convinced
that she will die within a period of 1 month regardless of what
treatment she receives. The woman is exhausted by her severe
disease but fully conscious and able to express her wishes. The
intensivists are considering withdrawing the ventilator and
allowing her to die, so she will no longer have to suffer.

A 65-year-old married man was in a serious accident in which
he suffered head injuries. One month later he is still
unconscious and needs the assistance of a ventilator in order to
breathe. The man will die within 24 h if the ventilator is
withdrawn. The physician is completely convinced that he will
not wake up, although he might live for a while if the ventilator
is kept in place. The intensivists are considering withdrawing
the ventilator treatment and allowing him to die.

Question 1 The intensivistsraise the question of continued
ventilator treatment. Who should participate in this discussion?
Answers:
The patient, n = 102 (66.7%)
The family, n = 82 (53.6%)
Only the intensivists, n = 13 (8.5%)
Uncertain, n = 12 (7.8%)

Question 1: The intensivists raise the question of continued
ventilator treatment. Who should participate in this discussion?
Answers:
The family, n= 133 (86.9%)
Only the intensivists, n = 17 (11.1%)
Uncertain, n = 20 (13.1%)
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Table 6. Cont.

Scenario 1 Scenario 2

Question 2: Assuming that the intensivists have brought up the =~ Question 2: Assuming that the intensivists have brought up the
question of ventilator treatment for discussion, whom do you  question of ventilator treatment for discussion with the family,

believe should decide whether or not the ventilator treatment whom do you believe should decide whether or not the
should be continued? ventilator treatment should be continued?
Answers: Answers:

The patient, n = 106 (69.3%)

The family, n= 78 (51.0%)

Only the intensivist, n = 78 (51.0%)
Uncertain, n = 14 (9.2%)

The family, n = 109 (71.2%)

Only the intensivist, n = 89 (58.2%)

Uncertain, n = 21 (13.7%)

The treatment should not be stopped, n =12 (7.8%)

n = groups of answers within the total sample.

Table 7. Effects of patients’ characteristics on family / patient selection in the two theoretical scenarios.

95% C.I
Variable B SE Wald  df P Exp B °
Lower Upper
Intercept —0.075 0.972 0.006 1 0.939 0.928
Agree with intensivists during 0.584 0.393 2215 1 0137 1.794 0.831 3.872
hospitalization
Health Condition 5.118 2 0.077
Not autonomous vs. Deceased —4.892 2.769 3.122 1 0.077 0.008 0.000 1.707
Autonomous vs. Deceased —5.319 2.360 5.079 1 0.024 0.005 0.000 0.500
Age 0.015 0.015 0.988 1 0.320 1.015 0.986 1.044
Age x Condition 6.873 2 0.032
Not autonomous vs. Deceased 0.068 0.041 2.820 1 0.093 1.071 0.989 1.159
Autonomous vs. Deceased 0.088 0.034 6.864 1 0.009 1.092 1.022 1.166

A significant interaction between the patient’s age and his or her health condition
was identified (Wald W = 6.873, df = 2, p = 0.032). Specifically, as the age of patients
increased, respondents whose relatives were still alive and lived autonomously were
significantly more likely to consider the patient himself or the family as those who should
be involved in decision making. In contrast, in cases where the patient had died, as the
age of their deceased relatives increased the respondents tended to hesitate to declare the
family responsible for decision making in the theoretical scenarios (Figure 1).

Interaction effect of patient's age and health status on the relative's choices in the hypothetical scenarios

2
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Figure 1. Interaction effect of age and health status on family members’ selections in the hypothetical
scenarios. Predicted probability refers to the probability of a response that the patient himself or the
family should be involved in the decision-making.
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4. Discussion

Withdrawal of life-sustaining therapy, while not a strictly documented procedure, is
an ethically acceptable practice in western ICUs. For example, in the Ethicus-2 study, a
prospective observational study of 199 ICUs in 36 countries involving 87,951 patients who
were admitted to ICU over a 6-month period, 12,850 (14.6%) patients died, with treatment
limitations (withholding or withdrawing life-sustaining treatment) occurring frequently
(80.9%). Common factors associated with treatment limitation included patient’s age and
chronic disease, together with the presence of country-specific end-of-life legislation [20,21].
The decision to withdraw extensive supportive care is made by ICU physicians, based on
measurable indicators of physical functioning and objective observations of vital signs. As
most critically ill patients lack decision-making capacity and family members often serve
as surrogate decision makers, decisions about the end of life should involve the family.
Unfortunately, not only do data about true family participation in end-of-life decisions
remain scarce, but end-of-life communication with families or surrogates varies markedly in
different global regions; according to the Ethicus-2 study, discussion with family occurred
only in 46.4% of cases in southern Europe, while in northern and central Europe percentages
were significantly higher at 95.0% and 74.9.%, respectively [22,23]. For Greece, data are
even more limited. In a national Greek study conducted across 18 multidisciplinary Greek
ICUs dating back to 2015, 71.4% of 149 doctors and 59.8% of 320 nurses responded that
families were not actively involved in discussion of life-sustaining treatment, confirming
that in Greece fear of litigation is still considered a major barrier to properly informing the
patients’ relatives about end-of-life decisions [24]. Since no clear, discontinuation criteria
are defined in other countries either, the final decision always lies with the physicians,
and is usually based on their experience and training [25]. However, making life-or-death
decisions for another person is never an inconsequential decision for physicians, as reflected
in increased burnout and distress among medical staff [26] and less empathetic and more
cynical behaviour towards ICU patients [27]. In this regard, the present study suggests that
the psychological pressure faced by medical staff does not affect their assessment of whether
patients meet the withdrawal criteria. Poor quality of life in future and futility of treatment
were found to be the most important criteria for the discontinuation of life-sustaining
measures, while patients’” gender or age as well as treatment costs did not significantly
influence the decision. It was also found that ICU physician assessment accurately assesses
patients’ chances of survival during their hospital stay and in the immediate future. It is
worth mentioning that in the Ethicus-2 study, 20% of patients with treatment limitations
eventually survived the hospital stay, and the percentage in the earlier Ethicus-1 study
(1999-2000) was even lower [20,21].

On a different note, in the burdensome environment of an ICU, members of the
patient’s family are in a vulnerable position where depressive symptoms [28,29] and higher
risk of anxiety and stress-related disorders are commonly reported [30]. Given this great
psychological pressure, it is not surprising that for out of ten family members did not
realistically assess the health progression of their relatives in ICU. In particular, the fact
that the psychological symptoms of the family members were independent of the severity
of the patient’s condition is supported by the findings of previous research [31].

Nevertheless, a realistic view is always necessary, because unjustified optimism makes
it difficult to adjust to the loss of a loved one, promotes feelings of meaninglessness, and
can lead to painful after-experiences in the ICU. This was demonstrated in the study by
Sjokvist et al. [15], where the general public stated that they preferred greater influence
from patients and families compared with intensive-care physicians in decisions to with-
draw life support. The results of the present study further clarify these differences by
highlighting mental resilience as the trait that determines the consent of family members
to intensivists” assessments. That is, this study further demonstrates the importance of
resilience, previously shown in the study by Stamou et al. [13], as a psychological trait that
reduces the overall psychological burden of ICU attendants.
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Moreover, resilience, as commonly defined as the process of adapting well in the face
of adversity, trauma, tragedy, threats, or significant sources of stress, is highlighted as a key
feature facilitating the transition from the initial emotional distress experienced by family
members in the ICU to a sense of regained control [13]. As one such key feature, resilience
provides family members with the right conditions to seek and create meaning in their
situation and gives them purpose in contributing to their relative’s recovery. Therefore, an
appropriate collaborative approach should be developed between family members and
healthcare professionals, to address the patient’s needs while providing emotional and
psychosocial support to their families [32]. Specifically, it is suggested that initiatives aiming
to strengthen mental resilience will help relatives’ agreement with the opinions of critical
care physicians, enhance quality of communication, reduce feelings of frustration and
dissatisfaction from intensivists as well as relatives, and improve the overall satisfaction of
the patient’s companions about the care their loved one receives [33,34].

After hospitalization in the ICU, most surviving patients require constant and long-
term care and are unable to care for themselves. This situation, commonly referred to
as post-intensive care syndrome (PICS), can affect the patient’s body, thoughts, feelings,
and mental state [35]. Of course, this also puts strain on the family environment, both
psychologically and financially. In the context of the two theoretical scenarios, caregivers
of a surviving patient were reluctant to attribute family responsibility for life-sustaining
decisions as their patients aged, a finding that indicates that their personal experiences
strongly influenced the responses to the theoretical scenarios. It might be argued that
positive health progress appears to predispose respondents to family involvement, while
poor progress or the death of a loved one appears to reduce the desire to involve the
family in life-support decisions affecting the ICU patient. Overall, a biased attitude was
evident in our study, with personal experiences strongly influencing responses to theoretical
scenarios. We found that the death of the patient distances the caregiving relative from the
traumatic event of their family member’s hospitalization in the ICU. Furthermore, results
indicated a limited validity of these instruments as decision-making aids with regard to the
involvement of the family in withdrawal decisions in the ICU environment.

There is ample evidence in the current literature that family members desire a more
active role in end-of-life decision-making, in order to communicate patient’s wishes [36].
There is also consensus that end-of-life decisions should be viewed as shared decisions,
with shared responsibility between the care team, the patient, and the family [37]. In
this context, it is of paramount importance for intensivists to provide patients and their
families with reliable information to help them decide whether withdrawal of life-support
measures is the appropriate medical option [38]. Complete and comprehensible information
about the medical data supporting the discontinuation of patient support could help loved
ones to resolve their doubts about the treatment being offered, to understand the futility
of the treatment, and to appreciate the severely reduced quality of life that awaits the
patient if they survive after ICU [39]. Although the crucial need for complete and accurate
information for family members of ICU patients has been widely reported [40,41] this
factor seems to be underestimated by caregivers [42]. Since treatment futility is a rather
vague concept and various attempts have been made to resolve this problem [43-45],
there is a need for improvement in the communication skills of ICU staff so they can better
distinguish and describe to relatives the individual aspects of treatment futility. With regard
to the goal of family consent to the doctors’ decisions, an additional initiator could be the
family’s right to additional patient care, which has also been described in the literature as a
demand [44]. This opportunity would allow family members to experience the situation,
recognize the futility of treatment, and create personal meaning for the potential loss of
their loved one, making the loss gentler for them. Especially in the current context of
COVID-19 with the noted shortage of ICU beds worldwide, better communication skills
and methods between family members and caregivers will enable faster decisions and
allow medical staff to provide medical care and hospitalization to people who need it
most [45,46].
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To the best of our knowledge, this is the first study to examine personal experience
and resilience in relation to family members’ realistic views of ICU patient health as factors
influencing attitudes towards end-of-life decisions.The use of disease severity scores such as
GSC, APACHE, and SAPS to compare against family views is one of this study’s strengths.

Our study had some limitations. First, our results reported responses from one single
ICU; hence their lack of generalizability should not be ignored. Second, family members
who declined to participate at the second phase of the study i.e., six months after the ICU
experience, may have reported different attitudes and perceptions. Furthermore, we did
not assess post-ICU distress symptoms or post-ICU resilience and are therefore unable to
justify the role played by such factors in long-term attitudes towards end-of-life decisions.
Finally, since the data for the hypothetical scenarios were collected six months after ICU
experience, the possibility of recall bias cannot be ruled out.

5. Conclusions

Family members of patients admitted to ICU have increased needs in terms of assur-
ance, proximity, and information, and these requirements should be carefully considered
by ICU staff [2]. The results of our study indicate that resilience as a personality trait
was associated with an increased likelihood of agreement between family members and
physicians’ perceptions of the patient’s health. Thus, it is suggested that mental resilience
initiatives can help family members to adapt well to the overwhelming experiences in ICU
and to recognize the situation pragmatically. In particular, the development of a philosophy
of family-centred care should be a priority, with formal assessment of families taking place
shortly after admission, followed by development of an appropriate care plan [47]. From
this perspective, a collaborative approach between family members and medical staff will
enhance the quality of communication, reduce feelings of frustration and dissatisfaction
among physicians and relatives, and improve overall satisfaction with the care received.

Furthermore, family members’ perceptions of the patient’s health progress are related
to their psychological characteristics, while the way they responded to the two hypothetical
scenarios was related to their patient’s health progress (Supplementary Table S1). Therefore,
it is cautioned that family members may have difficulty separating what they feel is best
from what they believe the patient would think best [48]. It is suggested that the involve-
ment of family members in important decisions regarding the patient life-support should
be required of physicians working in critical care, while it appears that the ultimate decision
should remain the sole responsibility of medical staff. However, we believe our findings
merit further investigation with increased consideration given to the communication skills
between ICU staff and family members; a factor that we did not examine herein.

Finally, the appropriateness of hypothetical scenarios for ascertaining citizens’ percep-
tions is not supported, or at least their more cautious use and careful interpretation of the
responses is suggested, which should consider the respondents’ recent exposure to relevant
traumatic events as well as the trajectory of these events.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/healthcare11030345/s1. Supplementary Table S1: Proximity
matrix of the answers to the four questions in the two hypothetical scenarios (Dice measure).
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Abstract: Background: Electrographic interpretation skills are important for healthcare practitioners
caring for patients in need of cardiac assessment. Competency in ECG interpretation skills is critical
to determine any abnormalities and initiate the appropriate care required. The purpose of the study
was to determine the level of competence in electrocardiographic interpretation and knowledge in
arrhythmia management of nurses in critical care settings. Methods: A descriptive cross-sectional
design was used. A convenience sample of 255 critical care nurses from 4 hospitals in the Al-Madinah
Region in Saudi Arabia was used. A questionnaire was designed containing a participant’s character-
istics and 10 questions with electrocardiographic strips. A pilot test was carried out to evaluate the
validity and reliability of the questionnaire. Descriptive and bivariate analyses were conducted using
an independent t-test, one-way ANOVA, or bi-variate correlation tests, as appropriate. A statistical
significance of p < 0.05 was assumed. Results: Females comprised 87.5% of the sample, and the mean
age of the sample was 32.1 (SD = 5.37) years. The majority of the participants (94.9%) had taken
electrocardiographic interpretation training courses. The mean total score of correct answers of all
10 ECG strips was 6.45 (£2.54) for ECG interpretation and 4.76 (£2.52) for arrhythmia management.
No significant differences were observed between ECG competency level and nursing experience
or previous training. Nurses working in the ICU and CCU scored significantly higher than those
working in ED. Conclusions: The electrocardiographic knowledge in ECG interpretation and arrhythmia
management of critical care nurses is low. Therefore, improving critical care nurses” knowledge of ECGs,
identification, and management of cardiac arrhythmias is essential.

Keywords: electrocardiography; interpretation; critical care nursing; competency

1. Introduction

The prevalence of cardiac arrhythmias, electrical heart conduction system diseases,
and other cardiovascular diseases (CVD), in general, is increasing worldwide [1-3]. Cardiac
arrhythmias are defined as a disturbance in the normal heart electrical conduction system,
resulting in ineffective cardiac pumping, unstable hemodynamic, or cardiac arrest events [2].
Cardiac arrhythmia is one of the leading causes of death globally. In 2016, the World Health
Organization (WHO) estimated that 31% (17.9 million) of all global deaths were caused by
CVDs [4]. In Saudi Arabia, the WHO and the Ministry of Health (MOH) Statistical Yearbook
revealed that cardiovascular diseases were responsible for 42% of non-communicable
disease deaths in 2010 [5].

Electrocardiogram (ECG) is a valuable non-invasive diagnostic tool for rapid identifi-
cation of many heart diseases, especially electrico-cardiac arrhythmias and acute coronary
syndrome [6-8]. ECG monitoring is commonly indicated for patients who have a risk
of arrhythmias or suspected ischemic heart disease [9,10]. Nurses play a critical role in
providing care in critical care settings such as the emergency department (ED), intensive
care unit (ICU), and cardiac care unit (CCU) [11,12]. Usually, patients in these departments
require ECG monitoring.
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Thus, they are required to have sufficient knowledge and skills to provide compre-
hensive and safe healthcare for all patients with different cardiac diseases, particularly the
critically ill in hospitals [13,14].

Nurses usually are the first clinicians to look at the ECG results and to identify
abnormalities in the ECG which may require immediate attention. Therefore, it is vital that
nurses are competent to carry out an initial assessment and make an early identification and
quick decisions to manage ECG abnormalities and activate appropriate emergency health
teams or initiate first-line treatments [15-17]. Nurses’ rapid and accurate interpretation of
cardiac arrhythmias has been linked to safe practices and positive patient outcomes [18-22].

No consensus exists in the literature about the meaning of competency in ECG inter-
pretation and the cut-off point for competency. However, it has been stated that competency
can be defined as the ability to have sound understanding of the theoretical and procedu-
ral knowledge to interpret cardiac rhythms (knowledge), the ability to recognize cardiac
rhythms (skills), and possession of a reasonable level of confidence to effectively undertake
the task (attitude) [19].

Several studies conducted worldwide have reported different levels of nurse compe-
tency in arrhythmia interpretation and management [10,23-28]. For example, one study
reported low competency in ECG interpretation among emergency nurses [29]. In a Turkish
study, a high proportion (61%) of bedside nurses reported they did not know the correct
practice for ECG monitoring or the correct interpretation of arrhythmias [24]. Another
study, conducted in Iraq to investigate nurses” knowledge of early interventional treat-
ment for patients with ventricular tachycardia, showed nurses lack knowledge of how to
interpret an ECG and recognize ventricular tachycardia arrhythmias [27]. However, other
studies reported high competency scores in ECG interpretation. For example, a 2017 study
reported ECG knowledge was high among ED nurses [23]. They also found that knowledge
was influenced by ECG training in the previous five years but was not influenced by work
experience or the hospital type.

In relation to nurses’ knowledge about early intervention for arrhythmia, two previous
studies reported a low level of nurses’ knowledge regarding management of life-threatening
ventricular arrhythmias [26,27]. However, there is a scarcity of studies in Saudi Arabia
evaluating nurses’ competency in the interpretation of ECG. In fact, only one study was
published in this area in 2022 [30]. That study sought to identify nurses’ competencies
in ECG interpretation. The study focused on their ability to identify cardiac arrhythmia;
however, it did not investigate knowledge of proper/initial management.

Therefore, this study aims to identify the level of competency in ECG interpretation,
including the ability to identify arrhythmia and its initial management among nurses
working in critical care settings in the Al-Madinah region, Saudi Arabia. It is expected that
the findings of this study will be beneficial to understand the current nurses’ competency
in ECG interpretation and arrhythmias management. Furthermore, it is expected to help
in establishing nursing programs that enhance nurses” knowledge and skills in relation to
ECG interpretation and arrhythmias management.

Study Objectives

Specific objectives of this study were to identify: (1) critical care nurses’ competency
levels in ECG interpretation and arrhythmia management, (2) relationship between critical
care nurses’ ECG interpretation and arrhythmia management, and (3) the relationship
between participants’ demographic and work data and competency level in ECG interpre-
tation and arrhythmia management.

2. Materials and Methods
2.1. Study Design

A descriptive cross-sectional design was used to determine critical care nurses’” knowl-
edge about common cardiac arrhythmia interpretation and management.
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2.2. Sample and Settings

A convenience sampling method was used to recruit critical care nurses working in
critical care units at four main governmental hospitals in two large cities in the Al-Madinah
region in Saudi Arabia. These four central hospitals provide a wide range of care for
patients with different medical disorders, including cardiac diseases.

To address the objectives of this study, nurses from the selected hospitals who, at the
time of data collection, were working in critical care settings including the intensive care
unit (ICU), coronary care unit (CCU), and emergency department (ED) were invited to
participate. Excluded were nurses who do not provide direct care or are not currently
working in critical care units.

The estimated sample size was calculated using G* power software [31]. The effective
sample size was determined according to the type of analysis (correlation and Chi square
analysis), a medium effect size of (0.3), the power analysis level of (0.80), and a significant
p value of (0.05). Based on previous data, the minimal effective sample size was calculated
to range between 158 (for correlation analysis) and 221 nurses (for Chi square analysis). A
total of 270 questionnaires were returned, and 15 questionnaires were excluded for being
incomplete; 255 completed questionnaires were collected and used for the final analysis of
this study.

2.3. Procedure

The researcher visited the selected hospitals to recruit study participants. The re-
searcher approached head nurses of the critical care units in each hospital to explain the
purpose of this study and to disseminate the link to the online questionnaire, through email
or WhatsApp, to the participants. The online questionnaire included an explanation of the
objectives of the study and provided instructions on how to complete the questionnaire
that was used for data collection. Printed versions of the questionnaire were also provided
to the head nurses to promote participation and to increase the response rate. The online
survey was hosted on a special webpage created expressly for this purpose. All replies
were made to this webpage then extracted to a SPSS file for analysis.

2.4. Instrument

The goal of this study was to understand the competence in interpreting an ECG and
the knowledge of first line management for selected arrhythmias. A structured question-
naire was developed and utilized for collecting data to address the objectives of this study.
The questionnaire consists of two parts. Part 1 elicited demographic data (age, gender,
nationality, qualification, hospital, working area experience, electrocardiographic training,
and type of training). Part 2 presented 10 lead II ECG strips. The selected ECG strips were all
made with the same technique (tracing speed and calibration, ECG voltage, and same paper)
to prevent any technical variations or negatively influence the recognition of arrhythmias.
For each strip, participants were asked to answer three questions. No. 1: participants were
requested to identify (interpret) the displayed rhythm by selecting one answer only out
of eleven possible answers. No. 2: participants were asked to rate the difficulty identi-
fying the cardiac arrhythmia on a three-level scale (1 = easy, 2 = moderate, 3 = difficult).
No. 3: participants were asked to identify the initial (first line) management of the cardiac
arrhythmia shown in the ECG strip by selecting one answer only out of four possible an-
swers (Table 1). The questions were developed by the author based on reviewing different
resources, including textbooks related to ECG interpretation and management of cardiac
arrhythmias [32-34], and guidelines of basic life support, cardiopulmonary resuscitation,
and advance cardiac life support published by the American Heart Association [35,36].
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Table 1. Example of the questionnaire questions.

Question No 1

Question No 2

For each of the following ECG strips, please select the correct rhythm interpretation and also rate the level of
difficulty that was required to interpret each strip on a scale of 1 to 3

|

NOQ O «dh-= W Ogooog @

The above rhythm is:

Ventricular Tachycardia O  Sinus Bradycardia

First Degree Heart Block O  Atrial Fibrillation

Asystole O Pulseless Electrical Activity (PEA)
Atrial Flutter O  Normal Sinus Rhythm
Ventricular Fibrillation O  Sinus Tachycardia

Third Degree (Complete) Heart Block)
Difficulty level:

Easy
Moderate
Difficult

The above patient has hypotension and dizziness what is initial management

Administer Atropine up to 3 mg while awaiting pacer [0  No intervention is required
Start CPR O  Administer Lidocaine 10 mg IV

O 0O O« @ JOoogooo »

The above rhythm is:

Ventricular Tachycardia O  Sinus Bradycardia

First Degree Heart Block O  Atrial Fibrillation

Asystole O Pulseless Electrical Activity (PEA)
Atrial Flutter O Normal Sinus Rhythm
Ventricular Fibrillation O  Sinus Tachycardia

Third Degree Complete Heart Block)

Difficulty level:

Easy
Moderate
Difficult

You checked the above patient and you did not find a pulse, what is initial management?

Immediate CPR with rapid defibrillation O  Immediate synchronized cardioversion

Administer Lidocaine 10 mg IV O  Atropine up to 3 mg IV while awaiting pacer

The maximum score for interpretation and management questions was 10 points, with
each corrected question given 1 point. Participants who scored at least 7.5 out of 10 points
were deemed competent in electrocardiographic interpretation and/or management of
patients with types of CVD [23]. Conversely, those who scored less than 7.5 points were
not considered competent.

To assess the clarity, readability, and reliability of the developed questionnaire, a pilot
study was conducted by recruiting 20 nurses from 2 hospitals not included in the final study.
Minor revisions were made based on written feedback received from the piloted nurses.
The internal reliability of the developed questionnaire was good (Cronbach’s alpha = 0.85).
Two PhD holders in critical nursing and two ICU consultants, who are experts in clinical
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health research and cardiac arrhythmia interpretations and management, reviewed the
questionnaire to assess the validity, clarity, and feasibility of the developed questionnaire.
Some modifications were made to the tool based on expert suggestions.

2.5. Ethical Considerations

Institutional Review Board approval was obtained from the General Directorate of
Health Affairs in Madinah (H-03-M-084) before the commencement of this study. Partic-
ipants were informed that participation is voluntary, names are not required, and they
can withdraw from the study at any time. Informed consent was assumed if participants
returned a completed questionnaire. Data were confidential; no one, except the investigator,
had the authority to view the data. No names were sought; instead, an ID number was
assigned to each questionnaire.

2.6. Data Analysis

Statistical Package of Social Science (SPSS) software program (version 22) was used to
analyze the data. Descriptive statistics were used to describe participants” characteristics.
Chi square tests were utilized to identify the relationship between those who correctly
interpreted the ECG strips and correctly identified the management of cardiac arrhythmia
in each ECG strip. Independent sample t-test, one way ANOVA, and bi-variate correlation
tests were conducted, as appropriate, to determine the association between demograph-
ical and work data, participants” knowledge about ECG arrhythmia interpretation, and
management. A p value of less than 0.05 was considered a significant value.

3. Results
3.1. The Participants’ Sociodemographic

The majority of participants were female (87.5%, n = 223) and non-Saudi citizens
(63.9%, n = 163). The mean age of participants was 32.1 years (SD = 5.37). Two-thirds
of nurses (75.7%, n = 193) had Bachelor’s degrees and three years or less of experience
(44.7%). More than half of the participants were working at ICUs (59.2%, n = 151). Most had
taken training courses related to cardiac rhythm interpretation or arrhythmia management
(94.9%), and 63.9% had completed at minimum the basic life support (BLS) course (Table 2).

Table 2. Sociodemographic of the study population.

Variable n %
Gender
Male 32 12.5%
Female 223 87.5%
Nationality
Saudi 92 36.1%
Non-Saudi 163 63.9%
Educational qualification
Nursing Diploma 53 20.8%
Bachelor 193 75.7%
Postgraduate (Diploma, Master, or PhD) 9 3.5%
Current working area
Intensive care unit (ICU) 151 59.2%
Coronary care unit (CCU) 38 14.9%
Emergency department 66 25.9%
Working experience in the current area
Less than one year 29 11.4%
1to 3 years 85 33.3%
4 to 6 years 46 18.0%
7 to 10 years 46 18.0%
More than 10 years 49 19.2%
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Table 2. Cont.

Variable n %

Did you attend any training in cardiac rhythm
interpretation or arrhythmia management?

Yes 242 94.9%
No 13 5.1%
What type of training attended? *

ECG interpretation 133 52.1%

Basic life support (BLS) 163 63.9%

Advance cardiac life support 124 48.6%
Mean (£SD) Median Min.—Max.

Age (years) 32.1(£5.37) 30 23-52

* The participants attended more than one training program or course.

3.2. Knowledge in ECG Interpretation

Participants” competency on ECG interpretation knowledge was low. As shown in
Table 2, the mean total score of correct answers of all 10 ECG strips was 6.45 (£2.54)
(out of 10). Only 38 participants (14.9%) recognized all 10 ECG arrhythmias correctly, while
almost one-fourth (27.1%) of participants answered 8 or more questions correctly, and
45.5% of participants scored 6 correct answers or less. The most frequently identified items
(94.1% and 75.7%, respectively) were ECG strip No. 5 (asystole) and ECG strip No. 2
(ventricular tachycardia). Additionally, about two-thirds of participants were correctly able
to identify the interpretation of ECG strip No. 7 (sinus tachycardia) (65.1%), and ECG strip
No. 10, pulseless electrical activity (PEA) (63.1%). Moreover, about half of the participants
were correctly able to identify the interpretation of ECG strip No. 3, ventricular fibrillation
(53.7%), ECG strip No. 4, atrial flutter (58.4%), ECG strip No. 8, atrial fibrillation (50.2%),
and ECG strip No. 9, third degree complete heart block (56.9%). Almost 30% of participants
failed to identify a normal sinus rhythm.

Furthermore, participants were asked about the difficulty in identifying the ECG
rhythm based on three levels (1 = easy, 2 = moderate, 3 = difficult). The majority (64.9%)
perceived the interpretation of the provided ECG cases as easy, the total mean score was
1.7 (£0.5). Of all participants, 81.2% said ECG strip No. 5 (asystole) was easy to interpret.
Moreover, 30.2% said ECG strip No. 3 (ventricular fibrillation) was difficult to interpret
(Table 3).

Table 3. Distribution by percentage of nurses” ECG interpretation results.

Participants’ Interpretation of ECG Strips Correct Answer

Participants” Response

Correct 1 (%) Incorrect n (%)

Interpretation of ECG 1 sinus bradycardia 173 (67.8%) 82 (32.2%)
Interpretation of ECG 2 ventricular tachycardia 193 (75.7%) 62 (24.3%)
Interpretation of ECG 3 ventricular fibrillation 137 (53.7%) 118 (46.3%)
Interpretation of ECG 4 atrial flutter 149 (58.4%) 106 (41.6%)
Interpretation of ECG 5 asystole 240 (94.1%) 15 (5.9%)

Interpretation of ECG 6 normal sinus rhythm 177 (69.4%) 78 (30.6%)
Interpretation of ECG 7 sinus tachycardia 166 (65.1%) 89 (34.9%)
Interpretation of ECG 8 atrial fibrillation 128 (50.2%) 127 (49.8%)
Interpretation of ECG 9 third degree complete heart block 145 (56.9%) 110 (43.1%)
Interpretation of ECG 10 pulseless electrical activity 161 (63.1%) 94 (36.9%)
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Table 3. Cont.

Participants” Response

Participants’ Interpretation of ECG Strips Correct Answer

Correct n (%) Incorrect n (%)

Mean (£SD) Median Minimum-maximum
Total score of correct interpretation
of all 10 ECG strips 645 (+2.54) 70 1-10
Total mean score of perceived difficulties 1.70 (£0.51) 17 1-3

in interpretation of all 10 ECG strips

3.3. Knowledge of Arrhythmia Management

Participants’ competency on first line management of ECG arrhythmias was low. The
mean total score of correct answers of all 10 ECGs was 4.76 (£2.52) (out of 10). No one
correctly identified all 10 ECG arrhythmias, while 61.6% of participants identified 6 correct
answers or less. The most frequently known and correctly identified management (79.6%)
was ECG strip No. 5 (asystole). As seen in Table 4, only 32.9% identified the correct first
line management for ECG strip No. 8 (atrial fibrillation).

Table 4. Nurses” arrhythmia management results by percentage.

Participants’ Response

ECG Strip Number (Patient’s Condition)

Correct Answer

Correct nn (%)

Incorrect n (%)

ECG 1: Sinus Bradycardia

Administer atropine up to 3 mg

(The patient has hypotension and dizziness) while awaiting pacer 117 (45.9%) 138 (54-1%)
ECG 2: Ventricular Tachycardia .
(You checked the above patient . Imm.edlate. C.PR . 141 (55.3%) 114 (44.7%)
. . with rapid defibrillation
and did not find a pulse)
. o Immediate CPR o o
ECG 3: Ventricular Fibrillation with rapid defibrillation 125 (49%) 130 (51%)
ECG 4: Atrial Flutter . . . . o o
(This patient is hemodynamically unstable) Synchronized electrical cardioversion 138 (54.1%) 117 (45.9%)
. Immediate CPR and epinephrine o o
ECG 5: Asystole 1 mg IV bolus every 3-5 min 203 (79.6%) 52 (20.4%)
ECG 6: Normal Sinus Rhythm No intervention required 160 (62.7%) 95 (37.3%)
ECG 7: Sinus Tachycardia Perform immediate
(This patient has a pulse but is . . . 142 (55.7%) 113 (44.3%)
. synchronized cardioversion
hemodynamically unstable)
ECG 8: Atrial Fibrillation Perform immediate o o
(This patient is hemodynamical unstable) synchronized cardioversion 84 (32.9%) 171 (67.1%)
ECG 9: Complete Third-Degree Heart Block Administer atropine and 118 (46.3%) 137 (53.7%)
perform temporary pacemaker
ECG 10: Pulseless Electrical Activity (PEA) CPR along with epinephrine 127 (49.8%) 128 (50.2%)
Mean (£SD) Median Minimum-maximum
Total score of correct management 476 (+2.52) 5.0 1-10

of all 10 ECG strips

As shown in Table 5, Chi square tests show significant relationships between correct
interpretation of all ECG strips and correctly identifying the management for each ECG
strip. In other words, participants who were more knowledgeable about interpretation

of ECG strips were more knowledgeable about the management of cardiac arrhythmias
(Table 4).
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Table 5. Relationship between participants’ ECG interpretation knowledge and arrhythmias management.

Incorrect ECG Correct ECG
ECG Strip No. :::;Lg:g:;tt I“terpézt;:c"t“ and I“terpézt:rte‘;“ and  Chi Square (X2) p Value
Management Management
ECG1 137 (53.7%) 20 (14.6%) 117 (85.4%) 41.8 <0.001
ECG2 174 (68.2%) 33 (19.0%) 141 (81.0%) 8.5 0.005
ECG3 204 (80.0%) 79 (38.7%) 125 (61.3%) 234 <0.001
ECG4 221 (86.7%) 83 (37.6%) 138 (62.4%) 10.98 0.001
ECG5 210 (82.4%) 7 (3.3%) 203 (96.7%) 13.97 0.001
ECG6 180 (70.6%) 20 (11.1%) 160 (88.9%) 109.35 <0.001
ECG7 166 (65.1%) 24 (14.5%) 142 (85.5%) 171.8 <0.001
ECG 8 138 (54.1%) 54 (39.1%) 84 (60.9%) 13.71 <0.001
ECG9 184 (72.2%) 66 (35.9%) 118 (64.1%) 14.23 <0.001
ECG 10 139 (54.5%) 12 (8.6%) 127 (91.4%) 104.62 <0.001

3.4. Factors Associated with ECG Interpretation and Arrhythmias Management Knowledge

Several variables were examined for an association between ECG interpretation and
the knowledge of arrhythmias management score. Using the independent samples t-test,
the nationality (Saudi and non-Saudi) was found to have a significant effect on the ECG
interpretation and arrhythmias management knowledge score (t(253) = 2.022, p = 0.044) for
interpretation and (t(253) = 2.978, p = 0.003) for management. The mean score for non-Saudi
nurses (M = 6.78, SD = 2.51 and M = 5.11, SD = 2.49) was slightly higher (Table 5) compared
to the Saudi nurses (M = 6.11, SD = 2.53 and M = 4.15, SD = 2.46).

Regarding the association between what unit the nurse worked on with the ECG
interpretation and arrhythmias management knowledge score, results showed a statistically
significant difference between groups as determined by one-way ANOVA (F(3) = 6.80,
p = 0.01 for interpretation, and F(2) = 12.67, p = 0.001 for management. A Tukey post hoc
test revealed the mean score for nurses in the ED (M = 5.42 and 3.48) was statistically
significantly lower than those working in the ICU (M = 6.99, 5.25, p = 0.01) and CCU
(M =6.71 and 5.07, p = 0.001). There was no statistically significant difference between the
ICU and CCU mean score (p = 0.918).

Additionally, a Pearson correlation coefficient was computed to assess the relation-
ship between the participants’ perceived difficulty level and the ECG interpretation and
arrhythmias management knowledge. There was a moderate negative correlation between
the two variables, r = —0.58 and —0.55, p < 0.00. In other words, participants who rated
interpretation of the ECG as difficult were more likely to obtain low scores in both ECG
interpretation and arrhythmia management.

Regarding other factors studied, results show there were no statistically significant
differences, at the p < 0.05 level, between the ECG interpretation and arrhythmias manage-
ment knowledge scores and age (p = 0.35) for interpretation and (p = 0.23) for management,
gender (p = 0.85) for interpretation and (p = 0.58) for management, previous training
(p = 0.18) for interpretation and (p = 0.25) for management, qualifications (p = 0.51) for
interpretation and (p = 0.21) management, or work experience (p = 0.47) for interpretation
and (p = 0.42) for management, (Table 6).
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Table 6. Correlation between participants” demographic characteristics, knowledge about manage-
ment of ECG arrhythmias, and participants’ knowledge about interpretation of ECG strip scenarios.

Participants” Knowledge about Participants” Knowledge about
Variables Interpretation of ECG Rhythm Management of Cardiac Arrhythmias
Correlation (r) p Value Correlation (r) p Value
Age (years) 0.06 0.35 0.08 0.23
Gender (female) 0.01 0.88 0.04 0.56
Nationality (non-Saudi) 0.12 0.051 0.18 0.004
Educational qualification 0.16 0.01 0.19 0.003
Working experience in the current area —0.04 0.48 —0.04 0.58
Attendance of training program/
course about cardiac thythm interpretation 0.17 0.03 0.23 0.02
or arrhythmia management
Perceived difficulties in interpretation
of all 10 ECG strips (Total score out of 30) —0.58 <0.001 —055 <0.001
Participants’” knowledge 0.93 <0.001

about management of ECG arrhythmias

4. Discussion

The aim of this study was to identify nurses” competency in ECG interpretation and
arrhythmia management in critical care settings in four hospitals in the Al-Madinah region
in Saudi Arabia. To the best of my knowledge, this is the first study to evaluate critical care
nurses’ competency in ECG interpretation and arrythmias management in Saudi Arabia.

The competency level in this study was set at 7.5 out of 10. Results of the study showed
overall ECG interpretation among nurses working in critical care settings (ICU, CCU and
ED) was below the preset threshold (7.5 out of 10). The mean total score of correct answers
of all 10 ECGs was 6.45 (£2.54). This finding is consistent with the results of other local and
international studies [29,30,37]. A recent study in Saudi Arabia found that 50% of nurses
working in the ICU and CCU showed low competency in ECG interpretations [30]. The
total mean score was 6.68 out of 10. However, the competency level in the present study
is lower than in other studies [23,38]. When Coll-Badell et al. evaluated the knowledge
of nurses in the ED, they found competency was high, where 93% of nurses scored 7.5 or
more, with the average score of 8.6 out of 10 [23].

In the current study, only 14.9% of participants answered all 10 questions correctly.
This finding is similar to Ho et al., that found 12.5% of participants correctly answered all
the questions [38].

The findings of the present study showed the questions that were most often answered
correctly were related to asystole (94%) and ventricular tachycardia (75.7%). However,
one study, in contrast, found nurses’ ability to identify ventricular tachycardia was low
(22%) [39]. The majority of participants in this study (81.2%) perceived the interpretation
of the ECG involving asystole as easy. Given that most of the nurses in this study had
completed BLS (63.9%) or ACLS (48.6%) courses, it is not surprising they can identify the
asystole rthythm correctly and know how it should be managed. This finding is congruent
with other studies [29,38,40]. In addition, the current study found nurses had difficulties
identifying atrial flutter (58.4%), atrial fibrillation (50.2%), and third-degree complete heart
block (56.9%). This finding was also similar in other studies [28,30,41]. In contrast, Tahboub
and Dal Yilmaz found that 84.6% of nurses were able to identify atrial flutter [42]. In
addition, about two-thirds of participants were able to interpret ECG strips related to sinus
bradycardia, sinus tachycardia, and PEA. It can be argued that nurses need to recognize the
normal ECG first to be able to identify any abnormalities. However, the findings showed
that one-third of nurses in the current study had difficulty recognizing normal sinus rhythm.
This finding was also reported in 2022, which found that 42% of the nurses failed to identify
the normal sinus rhythm [30].

The second objective of the current study was to evaluate the competency level of
nurses working in the critical care setting to identify first line management for some com-
mon fatal arrythmias. The results showed overall competency was below the required
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limits. The mean total score of correct first line management was 4.76 (+2.52) out of 10. This
finding is similar to the findings of two previous studies which revealed the majority of
the nurses had unsatisfactory knowledge concerning early management of life-threatening
ventricular arrhythmias [26,27]. In the current study, no participant identified the correct
first line management for all 10 ECG arrhythmias, while 61.6% identified 6 correct answers
or less. The majority of participants (79.6%) identified first line management for asystole,
while more than half had difficulties identifying the correct first line management for pulse-
less electrical activity, third degree complete heart block, atrial fibrillation, and ventricular
fibrillation. In more detail, despite the fact more than 50% of the nurses correctly identified
the ECG strips for ventricular fibrillation, atrial flutter, atrial fibrillation, and third-degree
heart block, less than two-thirds were able to recognize the proper management of these
cardiac arrhythmias. Moreover, between 81% and 85.5% of nurses in this study correctly
recognized the management of cardiac arrhythmias for sinus bradycardia, ventricular
tachycardia, and sinus tachycardia.

The findings of this study showed that there are significant relationships between
participants” knowledge about interpretation of ECG strip scenarios and management
of ECG arrhythmias. These expected results indicated that nurses with a strong knowl-
edge of arrhythmia interpretation were more knowledgeable about correct management of
the cardiac arrhythmias and more likely to make sound clinical decisions and take quick
interventional actions to manage cardiac arrhythmias [43-45]. Moreover, these findings
emphasize the importance for improving critical care nurses” knowledge about interpre-
tation of ECG and early identification of cardiac arrhythmias and correct management of
cardiac arrhythmias [44—47].

The finding of this study showed a significant association among participants’ accurate
knowledge about the interpretation of ECG rhythms, participants’ knowledge about manage-
ment of cardiac arrhythmias, and the nurses’ nationality. Non-Saudi nurses scored slightly
higher than Saudi nurses. Although this finding is difficult to explain, it may be attributed to
the fact there were 163 non-Saudi participants in this study and 92 Saudi participants. How-
ever, this finding may indicate a lack of knowledge of ECG interpretation and arrhythmias
management among Saudi nurses. Therefore, ECG interpretation knowledge and skills must
be addressed in Saudi nursing curricula and continuing education programs.

In addition, the current study found an association between ECG interpretation and
arrhythmia management knowledge and the department nurses worked in. Mean score
of nurses working in the ICU and CCU was significantly higher than those working in
the ED. A similar study found CCU experience was associated with better results on ECG
interpretation [37]. Another study revealed that nurses working in the CCU had better
ECG knowledge than nurses working in the ICU and ED [48]. Contrary to this current
research, a 2021 study found that nurses who had ED experience scored significantly higher
than those who did not [38].

Several studies reported improved competency in ECG interpretation of fatal arrhyth-
mias after education [9,25,39]. Logically, nurses with training showed higher scores com-
pared to those without training [23,29,48]. It has been argued that knowledge and skills may
diminish with time; therefore, refresher courses are required. Nolan and Coll-Badell et al.
recommend that nurses take ECG interpretation courses at least every five years [23,49].
However, the findings of this current study are not consistent with previous research. The
current study showed the mean score of participants was not affected by whether or not
they had training. Although the majority of participants claimed to have training related to
arrhythmia, it was not clear when training occurred or how affective it was. This finding
draws attention to the need to evaluate arrhythmia training in both nursing curricula and
on-the-job courses.

Data from the current study provided no significant difference among participants’
gender, age, qualifications, or work experience and their expertise in ECG interpretation.
This result is consistent with two studies that found no correlation between age, work ex-
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perience, and interpretation knowledge and skills [37,50]. In contrast, Keller et al. reported
a positive correlation between years of experience and higher scores [40].

4.1. Research Implications and Recommendations for Clinical Practice

This study provides baseline information to improve the evidence about the level of
knowledge of critical care nurses regarding ECG interpretation and cardiac arrhythmia
management in Saudi Arabia. Moreover, this study will provide helpful information to
educators to develop clinical guidelines and education programs to improve critical care
nurses’ knowledge and competencies for early identification, assessment, and appropriate
management of patients with CVDs, particularly cardiac arrhythmias and CAD.

It is essential to improve critical care nurses’” knowledge about monitoring ECGs and
identifying cardiac arrhythmias. Several strategies are recommended to achieve this. ECG
monitors with automated interpretation are highly recommended in critical care settings
to facilitate early detection of abnormal ECG strips and diagnosis of cardiac arrhythmias.
Most importantly, the curricula of Bachelor of Science in Nursing programs in Saudi
Arabia should be reviewed and adjusted to include topics about ECG interpretations and
management of cardiac arrhythmias.

4.2. Limitations

Despite the importance of the findings of this study, there were a few limitations. Using
a cross-sectional design will not help identify the effect and causal relationship of the lack of
knowledge on interpreting ECG and cardiac arrhythmias. Additionally, using convenience
sampling will negatively affect the generalization of the findings for all critical care nurses in
Saudi Arabia. This study was limited to only 10 ECG rhythms; other important arrythmias
can be included in other studies, such as ST elevation or pathological Q waves.

5. Conclusions

This is the first study in Saudi Arabia to evaluate both ECG interpretation and ar-
rhythmia management knowledge for nurses working in critical care settings. The overall
results revealed the majority of nurses in this study were below the preset competency
limit for ECG interpretation and arrhythmia management. Therefore, improving critical
care nurses’ knowledge on monitoring ECGs and identification and management of cardiac
arrhythmias is essential. Through collaboration between the health system and education
institutions, improvements can be achieved through nursing education and in-service train-
ing programs and workshops. Contrary to what several studies found related to the role
of training in improving nurses’ interpretation knowledge, this current study did not find
any significant association. This finding should be carefully examined, as it may indicate
weaknesses in current nursing curricula and/or in-service training programs. Conducting
further longitudinal and experimental research studies is recommended to investigate the
effectiveness of health education programs on critical care nurses’ ECG interpretation skills
and management of cardiac arrhythmias.
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