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The concept of death as an entity has existed in 
many societies since the beginning of our history. 
From the 15th century onwards, with the revival of 
Greco-Roman culture as a source of artistic inspiration, 
it came to be represented by a skeletal figure carrying 
a scythe and dressed in a hooded black robe. This was 
inspired by Hades, the Greek god of the underworld, 
and by Thanatos (Figure 1), the personification of death, 
and is an image with strong negative connotations. 
The theme of death can be approached from several 
perspectives, including positive ones. Regardless of the 
angle from which it is viewed, certainly in these times 
of pandemic, we all think or deepen our thinking about 
death. But what happens to humanity afterwards? Can 
we become better people? A socially better human-
kind? Can we produce really justifiable and sustainable 
health science? Transformations have taken place, 
but some were just repetitions of history disguised as 
contemporary innovation. As epidemiological data 
show the decline of the Covid-19 pandemic, life seems 
to be returning to “normality” in the concept of being 

as it was before. For those who think like this, we must 
not forget that what prevailed before is what brought 
us to where we are now and, therefore, a translational 
historical rescue becomes essential for survival with 
quality of life for both humans and humanity. Hope is 
still inside Pandora’s box.

in memory of Professor Edna Ferreira da Cunha

Editorial

Editor In Chief

DOI: 10.12957/bjhbs.2022.68170 

Eloísio Alexsandro da Silva Ruellas

Figure 1. Septimius Severus, 193-211 A.D., AE16 of 
Nikopolis ad Istrum, Moesia. AY KAI CEYHΡOC, laureate 
head right. / NIKOΠOΛIT ΠΡOC ICTΡ, Eros (Thanatos) 
standing right, legs crossed, extinguishing a torch on an 
altar. Varbanov 2568

Death in pandemic contemporaneity
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Abstract
Introduction: The transport of patients by airplanes or heli-
copters reduces treatment time, while improving the chances 
of survival and the quality of life. Due to its costly main-
tenance and operation service, the air transport of victims 
depends on appropriate triage criteria for patients eligible 
for this type of transport. The Air Medical Prehospital Triage 
(AMPT) Score for Helicopter Transport of Trauma Patients 
quickly classifies the likelihood of trauma victims benefiting 
or not from helicopter transport. Objectives: The aim of this 
study was to translate the AMPT Score and cross-culturally 
adapt it to Brazilian Portuguese. Methods: This study followed 
international guidelines for standardized translation processes 
and was developed from: translation, synthesis, back transla-
tion, assessment of equivalences by the expert committee, 
proposal of the previous version of AMPT Score, application 
of pre-test/post-test and proposition of the final version of the 
translated scale. Results: The Wilcoxon Test comparing the 
experts’ assessment with the positive expected resulted in a 
p-value = 0.0625 (General) CI 95%. The Content Validity Index 
(CVI) of the experts committee was calculated as 0.9479. The 
pre-test data resulted in a Cronbach’s Alpha of 0.920 ± 7.26. The 
free-marginal Kappa coefficient of pre-test data was 0.89 (95% 
CI for 0.86, 0.93). The post-test data resulted in a Cronbach’s 
Alpha of 0.925 ± 5.36. The Wilcoxon Test comparing pre-test 
with post-test resulted in a p-value of 0.0942. Conclusions: The 
process resulted in a translation of the AMPT Score with the 
appropriate equivalences proposed by the literature that is 
statistically reliable and will be of great value to professionals 
who work with transporting trauma victims in helicopters.

Keywords: Prehospital care; Air ambulances; Helicopter; 
Triage; Translation.

Introduction

The need to transport trauma victims, whether due 
to a lack of resources in a hospital unit or pre-hospital 
emergency care, means that movement by air is an 
important strategy. Helicopter Emergency Medical 
Services (HEMS) aim to take a highly specialized crew to 
an accident scene for triage, treatment and to provide a 
fast and efficient form of transport directly to a trauma 
center for definitive treatment.1,2 When the location 
is difficult to access, HEMS can be the only viable 
means of transport for both rescuers and patients.2,3 

Translation and cross-cultural adaptation of the air medical 
prehospital triage score for helicopter transport of trauma 
patients to brazilian portuguese
Roges Alvim-Oliveira,1,2* Camila L. Bernardes-Oliveira,2,3 Aline S. Reis,1,2 Joshua B. Brown,4 Danúbia C. Sá-
Caputo,2,3,5 Mario Bernardo-Filho2
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Ciências Médicas, Universidade do Estado do Rio de Janeiro. Rio 
de Janeiro, RJ, Brazil.
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5.	Faculdade Bezerra de Araújo. Rio de Janeiro, RJ, Brazil.

*Correspondence address:
Rua Uberaba, 60/402 
Rio de Janeiro, RJ, Brazil.
CEP 20561-240. 
E-mail: roges.enf@gmail.com.
ORCID: https://orcid.org/0000-0003-3908-198X
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Currently, helicopter rescues cover the entire field of 
emergency medicine and are an important transport 
device for polytrauma victims and, in conjunction 
with ambulances, provide fast (even transregional) 
transport to specialized trauma centers. Transport by air 
using fixed-wing (airplanes) or rotary-wing (helicopters) 
aircraft provides a reduction in treatment time,4 as well 
as benefits in terms of survivability5 and quality of life.6 
Since it is a costly service to maintain and operate, the 
air transport of patients requires research to determine 
appropriate triage criteria for patients that stand to 
benefit from this type of transport.7 Studies indicate that 
financial resources spent unnecessarily on air transport 
could be saved with appropriate triage.7,8 On the other 
hand, if air transport is available and appropriate for a 
specific situation, the sooner the decision to call it in is 

Original article

https://orcid.org/0000-0003-3908-198X
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Original article

All participants in this study provided their written 
informed consent. The study protocol was approved 
by the Research Ethics Committee of the Hospital 
Universitário Pedro Ernesto of the Universidade do Estado 
do Rio de Janeiro (UERJ) under the number CAAE 
91960418.0.0000.5259, opinion number 2.751.679. 

Dr. Joshua Brown, creator of the AMPT Score, 
authorized this study.

Translation and cross-cultural adaptation

- Stage 1: Translation – the translation of the AMPT 
Score from English to Portuguese was performed by 
two individuals proficient in the English language. 
One individual was informed about the purpose of the 
study, while the other did not receive any information. 
As a result, two translations were obtained (T1 and T2).

- Stage 2: Synthesis – T1 and T2 were evaluated 
for the general meaning of each item by consensus 
of translators and researchers, paying attention to the 
Brazilian cultural context. This meaning transcends the 
literalness of words, encompassing more subtle aspects, 
such as the impact of a term on the cultural context of 
the target population. This evaluation was necessary 
because the literal correspondence of a certain term does 
not imply similar interpretations in different cultures.13 
From this assessment and evaluation of T1 and T2, a joint 
Translation 12 (T-12) was generated.

- Stage 3: Back-translation – from the resulting 
document (T-12), a back-translation was performed by 
two other native speakers of the English language (BT1 
and BT2). Again, only one individual was informed of 
the purpose of the work, while the other individual 
did not receive any information. BT1 and BT2 were 
analyzed and, by consensus among researchers and 
back-translators, gave rise to Back-translation 12 (BT12). 
BT12 was compared to the original document, and the 
creator of the Scale (Dr. Joshua Brown), was asked to 
assess the equivalence between them.

- Stage 4: Committee of Experts – following the 
guidelines of Beaton and colleagues, (2000),14 the entire 
process of translation and back-translation, along with 
their respective reports, was analyzed by a committee 
formed by: a methodological health professional 
with English language proficiency, a bilingual health 
professional, a translator, a researcher with English 
language proficiency, a teacher with English language 
proficiency and a student with English language 
proficiency. These professionals, in addition to assessing 
the entire process through reports, evaluated the 
equivalences of each item by comparing the original 

made during the evaluation process, the more likely it is 
for the victims to benefit from it.9 On-board professionals 
working in pre-hospital rescue are expected to be able 
to confront problems and challenges in this area by 
seeking more knowledge, while developing skills for 
decision-making as supported by scientific evidence in 
any adverse situation.10

The Air Medical Prehospital Triage (AMPT) Score is a 
scale developed in the United States of America, validated 
nationally and internationally’, that identifies trauma 
victims at the injury site who stand to benefit from 
helicopter transport.11,12

The AMPT Score has not been translated and cross-
culturally adapted to the Portuguese language of Brazil 
according to the norms established for this purpose.13,14 
Using it through free translations can generate 
misinterpretations, which justified the need for the 
translation and cross-cultural adaptation of the AMPT 
Score. Its relevance is based on the need for a tool to assist 
health professionals who work with air transportation 
of trauma victims.

This study aimed to create a translation and cross-
cultural adaptation of the AMPT Score for helicopter 
transportation of trauma victims, proposed by Brown 
and colleagues (2016),11 into Brazilian Portuguese. This 
work is configured as a first step towards a future 
validation of this scale and its benefits are related to 
the improvement of the quality of the service provided 
by those who work with this type of transport. When 
using the AMPT Score, health professionals will have 
in their hand a tool to assist in determining whether 
air transport is justified or not, in addition to possible 
cost reductions, since unnecessary flights can be more 
easily triaged.

Methods 

In Brazil, reports have arisen on the use of 
free translations of scales without carrying out 
cross-cultural adaptation, an essential step before 
conducting a study and applying its results.15 The type 
of translation most used nowadays is based on the 
work of two independent translators, in which the 
back translation method is applied.13,14,16,17 It was a cross-
sectional methodological study with a quantitative 
and qualitative approach that deals with the process of 
translation and cross-cultural adaptation to Brazilian 
Portuguese of the AMPT Score. Equivalence will be 
assessed according to the stages proposed by Beaton 
and colleagues (1993 and 2000).13,14
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scale with the translated document (T12). They assigned 
scores for each item according to the semantic, idiomatic, 
cultural and conceptual equivalences.14 The Wilcoxon 
Test and the Content Validity Index were used to assess 
the responses of these professionals and, by consensus 
of these assessments, an initial version translated into 
Brazilian Portuguese of the AMPT Score was proposed.

- Stage 5: Pre-test – from this initial version, a pre-test 
was applied to 44 health professionals who work with 
the air transport of patients in helicopters. The aim was 
to assess the level of understanding of the scale by these 
professionals. This pre-test was reapplied to the same 
professionals after an average interval of two weeks, being 
answered again by 32 professionals, and then submitted 
to the Wilcoxon Test, Kappa and Cronbach’s Alpha in 
order to assess internal consistency and agreement, so 
as to determine operational equivalence and reliability.

The analysis was performed using Excel for 
Windows® software (Microsoft Office Professional 
Plus, 2016, Microsoft Corporation), Prism 6 for 
Windows® software (version 6.01, 2012, GraphPad 
Software Inc.) and Online Kappa Calculator software 
(Randolph Justus, 2008).

In stage 4 (experts committee) the Wilcoxon test 
and the Content Validation Index (CVI) were used. The 
Wilcoxon Test is a non-parametric hypothesis test used 
when comparing two related samples 18 and it was applied 
in stage 4 to compare the evaluation by the experts 
committee. The CVI, a proportion agreement procedure, 
allows two or more raters to independently review 
and evaluate the relevance of a sample of items to the 
domain of content represented in an instrument. It then 
determines the proportion of cases in which the raters 
agree and calculates the stability of their agreement.19

In stage 5 (pre-test and post-test), statistical tools 
were used to determine the internal consistency, 
agreement and equivalence (Cronbach’s α, Kappa’s 
Agreement Coefficient and Wilcoxon Test) as a way to 
assess the reliability of the construct.20 In the pre-test, 
Cronbach’s α and Kappa were used. Cronbach’s α was 
used to assess the internal consistency of a construct.21 
The Kappa Agreement Coefficient is a measure used for 
interobserver evaluation, that is, a measure of agreement 
among evaluators. Values range from 0.00 to 1.00. The 
higher the Kappa value, the greater the agreement 
among observers.22 Cronbach’s α was utilized in the 
post-test. The Wilcoxon Test was used to compare the 
equivalence of the pre- and post-tests. The results are 
presented in absolute values and in terms of mean or 
standard deviation (confidence interval, CI).

Results

In first and second stage, two independent Brazilian 
translators, with proficiency in the English language, 
produced two documents in the stage of translating the 
original document into Brazilian Portuguese (T1 and 
T2). Translators and researchers evaluated T1 and T2 
to perceive subtle aspects that, if free translation were 
used, might be non-equivalent. This assessment resulted 
in the T12 scale.

Table 1 shows sentences that illustrate the compa-
risons between the original sentence, variations in 
translation and the first version (synthesis) of the AMPT 
Score translation (T12).

In the third stage, two back-translators, North 
Americans fluent in Portuguese, performed the back-
translation of this initial version of the Scale into English. 

AMPT Score Translation variation Synthesis (T12)

Respiratory rate Ritmo Respiratório Frequência Respiratória

Multisystem trauma Traumas múltiplos Trauma multissistêmico

Signs of tension physiology Sinais de tensão fisiológica
Sinais de tensão/compressão (dispneia, 
distensão de jugular desvio de traqueia 

contralateral)

Mangled Laceramento Mutilada

Table 1. Comparisons between the original sentence, translation variation and synthesis (T12) of the AMPT Score

Source: The authors (2021).
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The BT12 scale was generated by consensus. BT12 was 
compared with the original scale and submitted to the 
assessment of the author of the AMPT, who rated it as 
very good in general (“Overall is a very good translation 
to the original”) with only 2 caveats that were analyzed 
and accepted by the expert committee.

The Expert Committee (Stage 4) judged each item of 
the translated scale (T12) and compared them with the 

original scale. Each item received 4 marks between 1 and 
4 (one for each equivalence judged: semantic, idiomatic, 
conceptual, cultural), being: 1 = unchanged; 2 = little 
changed; 3 = very changed; 4 = completely changed.

The evaluation data were submitted to the 
Wilcoxon Test comparing the expert assessments with 
the positive expected (completely equivalent) and the 
results of the equivalences are shown in Figure 1.

Figure 1. The Wilcoxon Test of Experts Committee
Source: The authors (2021).

The evaluations of the expert committee were also 
submitted to the CVI, by adding responses 1 and 2 of 
the participants and dividing the result of this sum by 
the total number of responses, with the calculated CVI 
being 0.9479.

In this fourth stage, after the placements and 
changes suggested by the expert committee discussed 
below, the final version of the translation of the AMPT 
Score into Brazilian Portuguese was then proposed.

Stage 5 consisted of an assessment by 44 health 
professionals with a higher education degree who 
work with the air transport of patients on their level of 
understanding of the items on the scale. The profile of 
these professionals is presented in Table 2.

These professionals were asked to assign values 
from 1 to 5 (1 – I did not understand anything at all; 2 – I 
understood very little; 3 – I do not know if I understood 
or did not understand; 4 – I understood, but with some 
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Table 2. Profile of professionals who responded to the pre-test

Characterization of the individuals

Age (year old) 41.8 ‡ 5.75

Gender Male 32 (72.7%) Female 12 (27.3%)

Work City Rio de Janeiro RJ - 18 (40.8%)
Curitiba PR - 4 (9.1%)
Cascavel PR - 2 (4.5%)
Blumenau SC - 1 (2.3%)
Itaboraí RJ - 1 (2.3%)
Maricá RJ - 1 (2.3%)
São Paulo SP - 1 (2.3%)

Brasília DF - 6 (13.6%)
Florianópolis SC - 4 (9.1%)
Paranaguá PR - 2 (4.5%)
Chapecó SC - 1 (2.3%)
Itajaí SC - 1 (2.3%)
Ponta Grossa PR - 1 (2.3%)
Toledo PR - 1 (2.3%)

Scholarity Doctorate degree - I (2.3%)
Postgraduate - 31 (70.5%)

Master’s degree - I (2.3%)
Graduate - 6 (13.6%)

University Graduate Nursing - 26 (59.2%) Medicine - 18 (40.8%)

Post-graduation in Acrospace Medicine or 
Aerospace Nursing?

Yes - 17 (38.6%) No - 27 (61.4%)

Use of a trauma patient triage scale for 
transport by helicopter?

Yes - 6 (13.7%) No - 38 (86.3%)

Which scale do you use? Glasgow - 2 (4.5%)
Glasgow and RASS - 1 (2.3%)
RTS - 1 (2.3%)

Glasgow and Aldrete - 1 (2.3%)
SOP - 1 (2.3%)
None - 38 (86.3%)

Source: The authors (2021).

doubts; 5 – I understood perfectly and have no doubts) 
for each item, according to the clarity and level of 
understanding of the information. As a way to facilitate 
understanding, four items analyzed separately by 
the Committee of Experts were grouped, totaling 24 
items for this pre-test. The results were submitted to 
Cronbach’s Alpha for assessment of internal consistency. 
Cronbach’s Alpha was 0.920 ± 7.26.

The Kappa coefficient was applied to determine 
the level of agreement among the 44 professionals who 
answered the pre-test. For this calculation, the values 
of 4 and 5 (4 – I understood, but with some doubts; 
5 – I understood perfectly and have no doubts) were 
considered a high level of understanding, whereas 
values 1, 2 and 3 (1 – I did not understand at all; 2 – I 
understood very little; 3 – I do not know if I understood 
or if I did not understand) were considered a low level 
of understanding. It results in free-marginal Kappa 0.89 
[95% CI for free-marginal Kappa (0.86, 0.93)], percent 
overall agreement 94.65%.

Within 15±3 days after the pre-test, 32 of the 44 
professionals answered a post-test, containing the same 

questions as the pre-test. Although this post-test is not 
provided for the guideline used (19), it was applied to 
determine whether the level of understanding of the 
professionals changed over time. The professionals 
were instructed not to consult their previous responses. 
Cronbach’s Alpha was 0.925 ± 5.36 for these data.

The pre-test and post-test data were compared 
to determine pre-test – post-test reliability, and the 
Wilcoxon Test was calculated, resulting in a p-value of 
0.0942 (Figure 2).

Discussion

The AMPT score represents the first attempt to 
develop a triage tool for the helicopter transport of 
trauma patients 11 and, in addition to internal validation, 
the AMPT has also been validated externally.12

Measurement instruments are used in clinical 
practice and research in different areas of knowledge in 
order to provide valid and reliable measures, requiring 
the evaluation of their quality during the selection of 
an instrument.20 Therefore, reliability and validity are 
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configured as the main measurement properties of 
such instruments.23

For necessary adaptation, even if an instrument is 
designed in English, using it in another country also in 
English requires adaptation to the local culture, which 
need is further increased when transported to a language 
other than the original.13

According to the recommendations,14 additional 
comments were made to highlight challenging 
phrases or uncertainties and our reasoning for choices 
is also summarized in the written report.14 Table 
1 demonstrated the challenge of adapting literal 
translations to appropriate sentences.

The term “respiratory rate” would not be incorrect 
if translated as “ritmo respiratório”, but the cross-cultural 
adaptation to Brazilian Portuguese shows a better 
perception if translated as “frequência respiratória”. The 
expression “ritmo respiratório”, refers to the sequence, form 
and amplitude of respiratory incursions24 (for example: 
dyspnea, platypnea, orthopnea, trepopnea, Cheyne-
stokes, among others). Therefore, it does not denote the 
number of respiratory incursions per minute, which is 
clearly the object evaluated in the AMPT Score and is 
more correctly translated as “frequência respiratória”.

The term “multisystem trauma” could be understood 
as “traumas múltiplos” in a free translation, however the 
term “trauma multissistêmico” occurs frequently in the 
Brazilian scientific literature25 and also in translated 
reference documents,9 reflecting practicality and 
understanding for health professionals who use this 
triage object.

The term “signs of tension physiology”, when 
translated as “sinais de tensão fisiológica”, is a typical case 

of error due to free translation, because, in the context, 
it is clear that the term refers to physiological signs of 
compression. In order to confer greater simplicity and 
objectivity, it was decided to adapt the translation to 
“sinais de tensão/compressão” in addition to including 
examples of these signs: “dispneia, distensão de jugular 
ou desvio de traqueia contralateral”,9 in order to facilitate 
the evaluation by the persons who will use the scale.

During the translation of “mangled”, the word 
“laceramento” came up, a word that does not exist in 
Brazilian Portuguese language because the correct one 
would be “laceração”. However, it was observed that 
“mangled” is more widely used in the English language 
to denote “mutilation”, which is why it has been 
translated as “mutilada”. “Mangled” is defined as “to 
destroy something by twisting it with force or tearing 
it into pieces so that its original form is completely 
changed”,26 which is compatible with the meaning of 
“mutilated” in the Portuguese language: “Cut (any part 
of the body), eliminate part or parts of, unravel, distort, 
destroy part of.”24

Based on the synthesis (T12), a back translation was 
performed by two other native speakers of the English 
language, who, by consensus, originated the back 
translation 12 (BT12).

The author of the AMPT received the reports 
on stages 1, 2 and 3 (translation, synthesis and back-
translation) and considered the work up to that point 
to be very good. Two comments were made: in the 
expression “All penetrating injuries to head, neck, torso, 
and extremities proximal to elbow or knee” the RT12 
back translation was “All injuries penetrating head, 
neck, torso, or extremities near elbow or knee”, with 

Figure 2. The Wilcoxon test of pre-test and post-test
Source: The authors (2021).
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the author observing that the word “above” would 
be more precise than “near” compared to the original 
“proximal”; in the original expression “Amputation 
proximal to wrist or ankle” the RT12 was “Amputation 
near wrist or ankle”, with the author again observing 
that the word “above” would be more precisely 
equivalent than “near”. 

In both cases, it was observed that the word 
“proximal” is used in the medical field to anatomically 
define a point closer to the center of the body (proximal 
- distal).26 Thus, in order to avoid confusion between the 
words “proximal” and “near”, the word “above/acima” 
was chosen.27 

The expert committee recommended changing 
a preposition27 that might cause confusion. They also 
recommended to change the term “pressão sanguínea 
sistólica” to “pressão arterial sistólica”, a term used in the 
7th Brazilian Guideline for Hypertension28 and also 
widely used by academic and health professionals.

In relation to the term “wrist”, the committee 
recommended replacing the translated term “pulso” 
by “punho”, which is a better anatomical designation.29

The Wilcoxon test was applied to compare two 
related samples (34): the evaluation (by the expert 
committee) of the initial translated version of the AMPT 
under the best possible scenario, which would be the 
full equivalence (Figure 1), resulting in a p-value = 0.0625 
(general); p-value = 0.1250 (semantics); p-value = 0.2500 
(idiomatic); p-value = 0.1250 (conceptual); p-value = 
0.2500 (cultural) demonstrating that the two results are 
not significantly different.

The CVI30 was calculated at 0.9479, and a relevant 
CVI agreement between the members of the expert 
committee must be at least 0.80 and, preferably, greater 
than 0.90,31 showing high agreement on the aspects of 
the instrument and its items.

After the deliberations and amendments suggested 
by the Committee of Experts, the final version of 
the translation into Brazilian Portuguese of the Air 
Medical Prehospital Triage (AMPT) Score for Helicopter 
Transport of Trauma Patients was written.

Health professionals with higher education degrees 
who work with the air transport of patients answered 
a questionnaire assessing the clarity of the scale items 
and their level of understanding. In the Table 2 it is 
possible to verify that there is a predominance of 
professionals from the Southeast (21/47.7%) over the 
South (17/38.6%) and Midwest (6/13.7%) regions of Brazil. 
The professional profile reveals 26/59.2% nurses and 
18/40.8% physicians; the vast majority (31/70.5%) have 

undergraduate degrees’, however, only 17 (38.6%) have 
a specialization in Aerospace Medicine or Nursing; the 
highest prevalence of time since graduation was 11 to 15 
years (13/29.5%) and experience with air transportation 
of patients from 1 to 3 years (15/34.1%). Furthermore, 
only six professionals (13.7%) reported using any scale to 
triage trauma victims, mentioning the following (Table 
2): Aldrete, Glasgow, RTS, RASS and SOP.

In an attempt to systematize the criteria of 
evolution in the post-anesthesia period, the Aldrete 
Scale was devised by Aldrete and Kroulik in 197032 to 
assess muscle activity, respiration, systemic circulation, 
conscience and oxygen saturation.

The Glasgow Coma Scale is a reliable and practical 
method of assessing the level of consciousness in 
patients suffering from head trauma through the sum 
of scores attributed to three independent measures: eye 
opening, motor response and verbal response.33

The Revised Trauma Score (RTS) is a tool for 
trauma triage and estimating initial severity that does 
not require sophisticated examination devices and is 
extremely useful in prehospital emergency care. This 
scoring system consists of the sum of values attributed 
to: Glasgow Coma Scale, systolic blood pressure and 
respiratory rate.34

The Richmond Agitation and Sedation Scale (RASS) 
is used for routine neurological assessments in intensive 
care units, especially in patients without traumatic 
brain injury.35 It was initially developed to assist in the 
management of sedation and analgesia in ICUs and 
has been shown to be highly reliable and consistent in 
estimating the patient’s level of consciousness. It can be 
assessed in less than a minute with a simple three-step 
sequence (observation, response to verbal stimulation 
and response to physical stimulation).36

Standard operating procedures (SOPs) are 
components of clinical use that were introduced to 
improve diagnosis and therapeutic management 
in medicine. They are based on current studies 
and recommendations for experts and professional 
organizations.37 However, in certain situations, they 
are created internally based on the experiences and 
opinions of professionals.

It can be seen that the instruments mentioned 
by health professionals may have a predictive value 
for the severity of injury to the patient, but do not 
demonstrate any benefit relationship linked to 
helicopter transport.

In stage 5 (pre-test and post-test), statistical tools were 
used to determine the internal consistency, equivalence 
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and agreement (Cronbach’s Alpha, Kappa’s Agreement 
Coefficient and Wilcoxon Test), as a means to assess the 
reliability of the construct.20

Cronbach’s Alpha demonstrated positive 
consistency rates, both when evaluating the pre-test 
and in post-test evaluation. The pre-test obtained 
a Cronbach’s Alpha value of 0.920 with a standard 
deviation of 7.26. The post-test obtained a Cronbach’s 
Alpha value of 0.925 ± 5.36. Values between 0.81 and 1.00 
are considered to show “almost perfect” consistency.38

The Kappa Agreement Coefficient is a measure 
used for interobserver evaluation, that is, a measure of 
agreement among evaluators. Values range from 0.00 
to 1.00. The higher the Kappa value, the greater the 
agreement among observers.22 Applied to the pre-test, 
the calculated Kappa was 0.89 with an overall agreement 
percentage of 94.65%, which reflects an “almost perfect” 
agreement (from 0.81 to 1.00). 

Test-retest reliability is assessed by applying the 
same instrument to the same professionals after an 
average interval of two weeks.39,40 The average time 
between pre-test and post-test applications was 15±3 
days. Several tests can be used as a statistical measure,39 
and we performed the Wilcoxon Test (Figure 3), which 
showed no statistically significant difference between 
the samples (p-value = 0.0942).

The limitations of the study are related to: i) lack 
of comparison of the performance of the scale with 
another (gold standard), because the AMPT Score 
represents the first attempt to develop a triage tool 
for the helicopter transport of trauma victims;11 ii) 
psychometric variables of construct validity, item 
response theory were not evaluated, since they will be 
the subject of further work to validate the scale, even 
though the document has been properly translated 
and adapted to Brazilian Portuguese, psychometric 
properties must be checked in order to validate the 
reliability of the data when applied in Brazilian 
territory; iii) the evaluation did not cover professionals 
from all regions of Brazil, only the South, Southeast and 
Midwest regions, and this need should be taken into 
account in a future validation study.

The Brazilian Portuguese version of the AMPT 
Score presented in this study is a short and specific 
questionnaire that assesses, through objective criteria, 
which trauma patients stand to benefit from air 
transport by helicopter. 

It was observed that few professionals who work 
with air transport report using any patient triage scale 
to evaluate the use of a helicopter. Additionally, they 

Figure 3. The Wilcoxon test of pre-test and post-test
Source: The authors (2021).

reported that, in most cases, the scales used reflect the 
severity of the victim’s injuries, but have no direct 
relationship to possible benefits of air transport. Thus, 
the AMPT Score qualifies as an important tool in 
guiding and assisting healthcare professionals in triage 
trauma patients who stand to benefit from helicopter 
transport. In view of the completion of all stages of the 
translation and cross-cultural adaptation process and 
positive statistical results, we consider the Air Medical 
Prehospital Triage Score for Helicopter Transport of 
Trauma Patients to have been translated and culturally 
adapted to Brazilian Portuguese (Figure 3), thus 
qualifying this material for future validation studies.
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Abstract

Background: Myelodysplastic syndrome (MDS) comprises 
a heterogeneous group of clonal hematopoietic stem cell 
diseases, characterized by dysplasias and apoptosis in bone 
marrow (BM) and cytopenias in peripheral blood. In this 
study, we analyzed apoptosis in MDS to verify associations 
with patient age, bone marrow cellularity and karyotypes 
and to investigate the role of apoptosis in MDS pathogenesis. 
Methods: Bone marrow cells were collected from 81 patients 
with primary MDS, of which 60 were adults and 21 children. 
BM cells were also collected from 10 healthy donors for bone 
marrow transplants, 5 adults and 5 children, as controls. The 
patients and controls came from public onco-hematology 
institutions in Rio de Janeiro. The percentage of apoptotic BM 
cells was assessed by flow cytometry using two combinations: 
annexin V-FITC/CD34PE/CD45PerCP and annexin V-FITC/
CD14PE/CD45PerCP in BM cells. Cytogenetic analysis was 
performed by G-banding. Results: The comparison between 
adult and pediatric patients showed that these patients show a 
similar behavior with regard to apoptotic cells percentages in 
BM samples. Apoptosis occurs independently of BM cellulari-
ty, being more prominent in patients with hyper/normocellu-
lar BM. Patients with normal karyotypes, del(5q), del(17p) had 
higher apoptosis rates than patients with del(11q) and complex 
karyotypes. Cells committed to a differentiation program 
were associated with high rates of apoptosis, suggesting that 
apoptosis may be a consequence of inefficient hematopoiesis, 
such that the hematopoietic system may eliminate dysplastic 
cells at the beginning of the disease. Conclusions: Our results 
suggest that apoptosis is an important characteristic of BM 
cells from adult and pediatric MDS patients and may be a 
consequence of inefficient hematopoiesis. In addition, we 
suggest that apoptosis is not the main mechanism associated 
with hypocellular MDS, and it occurs preferentially in MDS 
cases of hyper/normocellular BM and is associated with a 
good prognosis.

Keywords: Myelodysplastic syndrome; Apoptosis; Patient 
age; Bone marrow cellularity; Karyotypes.

Introduction

Apoptosis or programmed cell death is an essential 
physiological process that plays a critical role in 
development and tissue homeostasis. Apoptotic cells 
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may be characterized by specific morphological 
and biochemical changes, including cell shrinkage, 
chromatin condensation and internucleosomal 
cleavage of genomic DNA.1 Apoptosis is involved in a 
wide range of pathological conditions. Cancer is one 
of the scenarios where little apoptosis occurs. The 
apoptosis signaling pathway plays an important role 
in the treatment of cancer because it is a target of many 
treatment strategies.2,3 

Myelodysplasia or myelodysplastic syndrome 
(MDS) encompasses a group of clonal stem cell 
disorders characterized by dysplasias and apoptosis 
in bone marrow (BM), which lead to cytopenias in 
peripheral blood and a risk of progression to acute 
myeloid leukemia (AML). Peripheral cytopenias are 
known hallmark of MDS and they are associated with 
ineffective hematopoiesis, a condition in which the 
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BM is unable to produce and deliver adequate numbers 
of mature cells to the peripheral blood. Cumulative 
evidence indicates that this apparent paradox is caused 
by premature intramedullary cell death via apoptosis.4 
Some studies consider apoptosis in MDS as a defect that 
causes cytopenias in the peripheral blood, and apoptosis 
to be deregulated.4-8 However, other studies point to 
apoptosis as a mechanism whereby the hematopoietic 
system is able to abrogate defective and/or potentially 
harmful clones.9,10 Apoptosis in MDS remains unclear.11

MDS is viewed as a disease of adults, particularly 
the elderly.  Pediatric MDS is an uncommon 
disorder, comprising less than 5% of hematopoietic 
malignancies.12,13 In children, MDS appears with distinct 
clinical and laboratory characteristics when compared 
with adults, which may reflect specific biological issues 
related to MDS during childhood.14 However, studies 
do not show the frequency of apoptosis in pediatric 
patients or if this process is similar when compared 
with BM cells from adult MDS patients. Another 
important point, focusing on apoptosis, concerns BM 
cellularity in MDS patients. The BM in primary MDS 
patients is usually hypercellular or normocellular. 
Nevertheless, between 10% and 20% of patients can 
present hypocellular BM.15-17 Many studies involving 
apoptosis in MDS have been conducted in patients with 
hypercellular BM. In hypocellular MDS, it is unclear if 
apoptosis has some influence in this low cellularity. 
Goal and colleagues18 suggested that hypocellularity 
in MDS could be explained by excessive apoptosis, but 
they also suggested that there is another sub-group of 
patients who may have a stem-cell failure defect since 
they show no evidence of apoptosis. 

In primary MDS, independently of cellularity in the 
BM, the cytogenetic pattern is characterized mainly by 
partial or total loss of chromosomes.19 Few studies show 
an association between apoptosis and karyotypes. The 
presence of del(5q) and trisomy 8 have been associated 
with a reduction in the rate of apoptosis in MDS.20,21 The 
aim of this study was to analyze apoptosis in primary 
MDS in order to verify if there are associations with 
patient age, bone marrow cellularity and karyotypes and 
to investigate the role of apoptosis in MDS pathogenesis.

Materials and methods

Patients and controls

Bone marrow cells were collected from 81 patients 
with primary MDS. These patients included 34 

males and 47 females. There were 60 adult patients, 
with the mean age of 54 years, ranging from 21-86 
years, and 21 pediatric patients, with the mean age 
of 10 years, ranging from 5 months to 18 years. The 
patients were diagnosed at the following public 
hematology/oncology centers in Rio de Janeiro, 
Brazil: Bone Marrow Transplant Center (in Portuguese, 
Centro de Transplante de Medula Óssea, CEMO-
INCA), Hematology Service (in Portuguese, Instituto 
Nacional do Câncer, INCA), Arthur Siqueira Cavalcanti 
Hematology Institute (in Portuguese, HEMORIO) and 
Martagão Gesteira Pediatric and Puericulture Institute 
(IPPMG). The criteria for inclusion of the patients were 
the presence of dysplastic cells and the percentage 
of blasts according to the bone marrow analysis and 
immunophenotyping. The diagnosis was based on 
clinical history, morphological, cytochemical studies, 
immunophenotypic and cytogenetic analyses. 
None of the patients had been previously treated 
for a malignancy. The pediatric patients included 
individuals aged 18 years or less, while adult patients 
were those aged 19 years or more. The pediatric patients 
were classified according to Hasle and colleagues.22 
Seventeen pediatric patients were classified as having 
refractory cytopenia (RC) and four as having refractory 
anemia with excess of blasts (RAEB). The classification 
of adult patients was in accordance with the French-
American British (FAB) Co-operative Group.23 Forty-
six adult patients were classified as having refractory 
anemia (RA), eleven patients as RAEB and three as 
RAEB in transformation (RAEB-t). The cellularity of the 
bone marrow was analyzed by means of biopsy. The 
age-related normal values of bone marrow cellularity 
(%) were: infant (1 month to 1 year): 80-90%; child: 
60-80%; adult: 40-70%; and ≥70 years: 30-40%.24-26 
The bone marrow samples from pediatric and adult 
MDS patients were sent to the Cytogenetic and 
Immunology Laboratories of CEMO-INCA, at the time 
of diagnosis. The cytogenetic analyses were conducted 
at the Cytogenetic Laboratory (CEMO-INCA) and the 
immunophenotyping and apoptosis experiments were 
conducted at the Immunology Laboratory (CEMO-
INCA). The interpretation and discussion of apoptosis 
were performed at IPPMG-UFRJ, using the Infinicyt 
software program (Cytognos, Salamanca, Spain). 
Bone marrow samples from 10 healthy individuals, 
donors for hematopoietic stem cell transplantation 
(HSCT), were used as a control group for apoptosis 
experiments. The controls included 5 healthy pediatric 
donors and 5 healthy adult donors. This study was 
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reviewed and approved by the Ethics Committees 
of the National Cancer Institute (CEP#3401739), the 
Arthur Siqueira Cavalcanti Hematology Institute 
(HEMORIO) (CEP#063/05) and the IPPMG-UFRJ 
(CEP#08926213.9.0000.5264), and was conducted in 
conformity with the Declaration of Helsinki.

Apoptosis analysis by flow cytometry

To determine the percentage of apoptotic cells, we 
used fresh bone marrow cells from MDS patients and 
healthy individuals. Initially, it was used red blood lysis 
solution (RBC) for 5 minutes. After centrifugation, the 
supernatant was withdrawn. The bone marrow cells 
were washed in phosphate-buffered saline (PBS). Next, 
cells were divided into two aliquots (1x106) and stained 
with two different antibody combinations: CD34-PE/
CD45-PerCP and CD14-PE/CD45-PerCP (BD Biosciences) 
for 15 minutes in the dark. In the following step, PBS 
was added and cells were centrifuged during 5 minutes. 
Finally, the cells were incubated with annexin-V-FITC 
and propidium iodide (PI) (Apoptosis Detection Kit II, 
BD Biosciences) for 20 minutes at room temperature 
protected from light, according to manufacturer’s 
instructions. A total of 200,000 events were acquired 
using a FACSCalibur Flow Cytometer (Becton Dickinson, 
USA) and analyzed using the Infinicyt software program 
(Cytognos, Salamanca, Spain). 

Cytogenetic study

Karyotypes of bone marrow cells were obtained 
from cultures in RPMI 1640, with 20% fetal calf serum 
(GIBCO) at 37 °C for 24 hours. Cell cultures were pulsed 
with colcemid to a final concentration of 0.05 μg/mL 
for the final hour of incubation. Cells were subsequently 
harvested by standard procedures (hypotonic shock: 
0,075M) and fixed in methanol: acetic acid (3:1). GTG 
banding was performed. Chromosomes were identified 
and arranged according to the International System for 
Cytogenetic Nomenclature, 2016.27 

Statistical analysis

The associations of the percentage of apoptosis 
between healthy individuals and MDS patients, 
patient age (adult and pediatric patients), bone 
marrow cellularity, disease subtype, cell populations 
(considering immature cells, CD34+, and mature, CD34-) 
and karyotypes were performed using the Mann-
Whitney test. Our sample was considered statistically 
significant at p<0.05. 

Results

Apoptosis analysis in bone marrow cells of      
primary MDS patients

The percentage of apoptotic cells in total BM 
cells from MDS patients (median: 9.9%; range 1.7%-
55.4%, 81 patients) was significantly higher than the 
percentage from healthy BM donors (4.3%; 2.6%-5.7%, 
10 individuals), p<0.0001 (Figure 1A). Considering age, 
rates of apoptosis in BM cells were similar in MDS adults 
(9.9%; range 1.7%-55.4%) and pediatric patients (9.5%; 
2.9%-36%), p<0.9 (Figure 1B). Taking into account MDS 
BM cellularity, cases with hyper/normocellular BM 
had increased percentages of apoptotic cells (12.2%, 
range 1.7% to 55.4%) compared to healthy donors 4.3% 
(range 2.6%-5.7%), p<0.0001. Interestingly, MDS patients 
with hypocellular BM also had more apoptotic cells 
(8.6%; 2.9%-25.8%) than healthy donors, p<0.0004. Our 
results showed an increased rate of apoptosis in patients 
with MDS, independently of the cellularity of the BM. 
Furthermore, MDS patients with hyper/normocellular 
BM had a higher apoptosis rate than MDS cases with 
hypocellular BM (p<0.01) (Figure 1C). 

Analysis of apoptosis and MDS subtypes

In our sample, of the 81 patients analyzed, 63 
patients were classified as RA/RC, 15 as RAEB and 3 as 
RAEB-t. Analyzing the apoptosis according to each 
subtype of disease, it was observed that patients in early-
stages (RA/RC) had significantly higher rates of apoptosis 
(11.3%; 2.8%-55.4%) than patients in more advanced 
stages (RAEB and RAEB-t), with a median percentage of 
apoptosis of 7.2% (range 1.7%-18.9%), p<0.006 (Figure 2A).

In patients in the early stages of the disease (RA/
RC), cases with hyper/normocellular BM had a higher 
median percentage of apoptosis (14.2%; range 2.8%-
55.4%) than patients with hypocellular BM (8.6%; range 
3.2%-25.8%), (p<0.007) (Figure 2B). In the later stages of 
the disease (RAEB and RAEB-t), patients with hyper/
normocellular BM had a similar median percentage of 
apoptosis (6.5%; range 1.7%-18.9%) to hypocellular BM 
cases (7.8% apoptosis, range 2.9%-13.6%), p<0.9 (Figure 2C).

Apoptosis on bone marrow hematopoietic 
progenitor cells (CD34+cells) and bone marrow 
cells committed to differentiate lineages 
(CD34- cells)

An apoptosis analysis was performed on different 
cell populations to determine whether the pluripotent 
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Figure 1. (A) Percentage of apoptotic cells: controls versus MDS patients; (B) Percentage of apoptotic cells: adults MDS 
patients versus pediatric MDS patients. (C) Percentage of apoptotic cells: controls versus hypocellular BM, controls versus 
hyper/normocellular BM, hypocellular BM versus hyper/normocellular BM. The results are shown in box-plot graphics in 
linear scale, showing the median, range, and the dots represent outliers
Source: The authors (2022).

stem cells (CD34+ cells) or the cells already committed 
to differentiation were in apoptosis. This analysis 
showed that apoptosis occurs in CD34+ cells. However, 
the percentage of apoptosis is higher in cells already 
involved in a cell differentiation program. This can 
be seen in the healthy individuals and patients, 
independent of BM cellularity. We observed that more 
mature cells had a median percentage value of apoptosis 
equal to 9.6% (range 1.7%-53.6%), while progenitor 
cells (CD34+) showed a median percentage of apoptosis 
equal to 0.14% (range 0%-1.9%). Thus, the cells already 
committed to the program of cell differentiation had 
a higher percentage of apoptosis (p<0.0001) (Figure 3). 

We used flow cytometry to analyze the percentage 
of apoptosis in specific hematopoietic cell populations 
according to the cellularity of bone marrow. We 
observed that lymphocytes are the cells with the 
lowest percentage of apoptosis compared with 
other hematopoietic cell populations, with median 
percentage value of apoptosis equal to 5.47% (range 
0.37%-50.03%) in cases of hypocellular BM and 
10.7% (range 0%-46.96%) in hyper/normocellular 
BM. Nucleated red blood cells (NRBC), granulocytic 
and monocytic cells showed higher apoptosis rates 
compared with both CD34+ cells and lymphocytes. 
NRBC showed a median percentage value of apoptosis 
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Figure 2. Analysis of apoptosis in bone marrow cells in different MDS subtypes. (A) Percentage of apoptosis: early stages 
(RA/RC) versus advanced stages (RAEB and RAEB-t). (B) Percentage of apoptosis: RA/RC Hypocellular BM versus RA/
RC hyper/normocellular BM. (C) Percentage of apoptosis RAEB/RAEB-t Hypocellular BM versus RAEB/RAEB-t hyper/
normocellular BM. The results are shown in box-plot graphics in linear scale, showing the median, range, and the dots 
represent outliers
Source: The authors (2022).

Figure 3. Percentage of apoptosis in progenitor cells versus mature cells from MDS patients. The results are shown in box-
plot graphic in linear scale, showing the median, range, and the dots represent outliers
Source: The authors (2022).
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of 43.1% (range 2.26%-87.17%) in hypocellular BM and 
28.6% (range 0-91%) in hyper/normocellular BM. The 
granulocyte population had a median percentage value 
of apoptosis of 8.24% (range 3%-71.8%) in hypocellular 
BM and a median percentage value of apoptosis 12% 
(range 1.45%-90.71%) in hyper/normocellular BM. 
Monocytic populations showed a median percentage 
value of apoptosis of 24% (range 2%-100%) and 
50.33% (range 1.78%-95.9%) in hypocellular and hyper/
normocellular BM, respectively (Figure 4). 

Comparison of the percentage of apoptotic 
bone marrow cells according to karyotypes

The analysis of the percentage of apoptosis and 
the karyotypes showed: the median percentage of 
apoptosis in normal karyotypes (n=34) was 9.1% (range 
1.7%-55.4%); the median percentage of apoptosis in 
del(5q) (n=5) was 16.9% (range 2%-19.3%); in the case of 
patients with del(11q) (n=4) the median percentage of 
apoptosis was 6.4% (range 3.2%-8.2%); the del(17p) (n=8) 
had a median percentage of apoptosis of 12% (range 
2.9%-15.6%) and patients with complex karyotypes 
(n=3) presented a median percentage of apoptosis of 3.7% 
(range 2.8%-4.9%). Patients with normal karyotypes, 
del(5q) and del(17p), presented higher apoptosis rates. 
Patients with del(11q) and complex karyotypes showed 
a decrease in apoptosis (Figure 5). The comparison of 
apoptosis in these two karyotype groups was statistically 
significant, p<0.004.

Discussion 

Apoptosis has been presented as part of primary 
MDS pathogenesis.28-30 Although many studies focus on 
MDS apoptosis, a review of the literature showed that 
little is known about apoptosis in pediatric primary 
MDS and about the difference in apoptosis between 
pediatric and adult patients.9,28,31,32 In our study, we 
initially compared the presence of apoptosis in patients 
with primary MDS versus healthy individuals, which 
showed an increase of apoptosis in MDS patients. Then, 
we compared apoptosis rates in BM samples from 
adult and pediatric MDS patients, which were found 
to be similar, suggesting that MDS-related apoptosis 
is a process that is independent of the age. In relation 
to the apoptosis rate according to the BM cellularity 
in MDS patients, we observed a higher apoptosis in 
hyper/normocellular BM cases. Our results suggest 
that, despite having an increased percentage of 
apoptosis when compared to healthy individuals, the 

hypocellular BM of some MDS patients is probably 
not caused solely by apoptosis, and that other factors 
may be associated, such as, for example, alterations in 
the cell proliferation program of hematopoietic stem 
cells, in which the presence of a molecular alteration 
could induce silencing or decrease of the expression 
in one or more genes related to the cell proliferation 
program. The cause of hypocellular MDS is not 
completely understood. Serio and colleagues33 reported 
that hypocellular MDS patients showed a severe 
deficit of immature hematopoietic progenitor cells, 
measured as secondary colony-forming cells (CFC), 
compared to healthy individuals, which would imply 
that immature hematopoietic stem cell compartment 
is affected by disease processes in hypocellular MDS. 
The damage to marrow hematopoietic progenitors 
occurring in hypocellular MDS may be explained by 
different immune-mediated mechanisms. Clinically, 
the strongest evidence for immune–mediated 
hematopoietic suppression in some hypocellular 
MDS is the response to immunosuppression, including 
mainly cyclosporine and anti-thymocyte globulin. 

The high incidence of apoptosis is a remarkable 
feature observed in early stage of the MDS, while a 
decrease in apoptosis is observed in more advanced 
subtypes.7,29 In our study, patients with RA/RC, 
independently of BM cellularity, showed a higher 
percentage of apoptosis when compared with patients 
with RAEB/RAEB-t. Some studies attributed the 
decrease in apoptosis rates of patients in advanced 
stages to increased levels of BCL2 protein and other 
anti-apoptotic proteins.27,28 Increased expression of 
BCL2 protein has also been associated with increased 
resistance to apoptosis and leukemic transformation, 
and therefore a poor prognosis.32 

The literature contains discussions on which cells 
would be entering in the apoptosis program, whether 
the progenitor cells or cells already committed to a cell 
differentiation program.7,29 In our study, we observed 
a significant difference between apoptosis in cells 
already committed to a cell differentiation program 
and progenitor cells. Our results suggest that apoptosis 
is more intense in cells already committed to a cell 
differentiation program, maybe as an attempt of patients’ 
own BM to remove dysplastic cells at beginning of the 
disease, as cited by Corey and colleagues.7 According 
to Raza and colleagues23 the immature CD34+ cells are 
stimulated to proliferate, while their later differentiated 
daughters are induced to undergo apoptosis accounting 
for the clinical syndrome of pancytopenia.
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Figure 4. (A) Apoptosis analysis in specific hematopoietic cell populations in MDS patients by flow cytometry. In column A, 
sample of hypocellular BM MDS and in column B, sample of hypercellular BM MIDS. Apoptotic cells are in gate R2. Al and 
B1 are CD34* cells; A2 and B2 erytrocytic population; A3 and B3 lymphoid population; A4 and B4 granulocytic population; 
A5 and B5 monocytic population. (B) Comparison of apoptosis between specific hematopoietic cell populations in BM of 
hypocellular and hyper/normocellular MDS patients
Source: The authors (2022).
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Few studies have been conducted to try to identify 
an association between apoptosis and karyotypes of 
MDS patients. Washington and colleagues20 and Sloand 
and colleagues21 associated the presence of del(5q) and 
trisomy 8 with a reduction in the rate of apoptosis 
in MDS. In our study, MDS patients with normal 
karyotypes, del(5q) and del(17p) had significantly 
higher apoptosis rates than MDS cases with del(11q) and 
complex karyotypes.

An intriguing question related to apoptosis in 
MDS is a possible association with the paradox of the 
disease (BM usually hypercellular with peripheral 
blood cytopenias), in which apoptosis was the cause 
of ineffective hematopoiesis8,34,35 or apoptosis would 
be related to the paradigm of the disease, where 
the presence of dysplasias (failure of maturation of 
hematopoietic cells) would lead to apoptosis as a 
physiological process, where the hematopoietic system 
would be trying to eliminate clones with dysplastic 
defects in early stages of the disease.10,36,37 Thus, in this 
latter case, defects in differentiation or in maturation 
would be the cause of ineffective hematopoiesis, not 
apoptosis. Our results suggest that apoptosis may be a 
consequence of inefficient hematopoiesis. Therefore, 
apoptosis in primary MDS is related to the disease 
paradigm. In addition, we suggest that apoptosis is not 
the main mechanism associated with hypocellular 
MDS, and occurs preferentially in primary MDS cases 
of hyper/normocellular that are associated with a good 

prognosis. To our knowledge, this is the first study 
analyzing the percentage of apoptosis in BM of patients 
with primary MDS and their associations with patient 
age, BM cellularity and different karyotypic patterns.

Conclusions

The BM cells committed to differentiate (CD34- 
cells) had a higher percentage of apoptosis than BM 
hematopoietic progenitor cells (CD34+ cells). Patients 
with normal karyotypes, del(5q) and del(17p) had higher 
apoptosis rates in comparison to patients with del(11q) 
and complex karyotypes. Apoptosis is an important 
characteristic of BM cells in adult and pediatric MDS 
patients, where the hematopoietic system would be 
trying to eliminate cells with dysplastic defects in the 
early stage of the disease.
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Abstract
Objective: To determine the serum level of C-reactive protein 
(CRP) with greater accuracy for diagnosing acute peripros-
thetic infection after total knee arthroplasty (TKA). Method: 
Case-control study evaluating serum levels of CRP after TKA in 
infected and uninfected groups. The serum levels of CRP were 
assessed in patients submitted to TKA who had been readmit-
ted in the acute phase for surgical debridement with implant 
retention and had their diagnosis of periprosthetic infection 
confirmed. These values were compared with a control group, 
which did not present infectious complications. Results: Be-
tween March 2014 and March 2016, 1,373 TKAs were performed 
in the institution, and 28 patients (0.49%) were readmitted in 
the acute phase with a diagnosis of periprosthetic infection. 
Sixteen patients met the inclusion criteria. Gender, skin color, 
age, and body mass index (BMI) were similar between the 
groups. The patients in the acute periprosthetic infection 
group had significantly higher mean serum levels of CRP than 
the control group (p<0.001). For CRP levels = 30.615, the test’s 
highest sensitivity (75%) and specificity (77%) were achieved, 
with an accuracy of 77.3% for the diagnosis of infection. The 
area under the 0.762 Receiver Operating Characteristics (ROC) 
curve showed satisfactory performance of the proposed test. 
Conclusion: Serum levels of CRP greater than 30.615 mg/L in 
the third week after TKA associated with clinical signs are 
highly suggestive of acute periprosthetic infection.

Keywords: Knee; Osteoarthritis; Arthroplasty; Infection; 
CRP.

Introduction

Total knee arthroplasty (TKA) is a surgical procedure 
to treat advanced cases of osteoarthritis, from refractory 
to conservative treatment. Its effectiveness and safety 
are widely proven in the literature.1-5 

Increases in life expectancy6 and the growth of 
obesity7 have exponentially increased the demand for 
TKAs. Since the end of the 1980s, the number of surgeries 
performed in the United States (USA) rose by up to 10% 
per year.4 As a result, between 1990 and 2002, the number 
of TKA per 100,000 inhabitants tripled.4

In 2019, more than 13,000 knee prostheses were 
implanted in Brazil, and this number is expected to 
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increase exponentially, driven by increased longevity 
and growth of obesity.3 Although the clinical satisfaction 
rate can reach up to 92% of operated patients,1-3, 
complications occur in between 0.4%8 and 7% of 
cases.3,9,10 Among the difficulties, infection is the most 
frequent and feared, accounting for up to 25.2% of 
revisions and reaching mortality rates of 18%.11 In 
addition, the cost of treating a prosthesis-associated 
infection is about three to four times the value of a 
primary arthroplasty.11

The diagnosis of infection after TKA is difficult 
in the immediate postoperative period since clinical 
signs, such as edema and erythema, can occur even in a 
normal postoperative period.12 In addition, laboratory 
tests traditionally used to diagnose periprosthetic 
infections, such as C-reactive protein (CRP) and serum 
erythrocyte sedimentation rate (ESR), are usually 
elevated in the immediate postoperative period.13 Early 
diagnosis allows treatment with surgical debridement 
and implant retention (D+R), a less aggressive strategy, 
with lower cost and a success rate of up to 36%,14 as long 
as it is performed until the third week.15 Although serum 
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CRP is part of the periprosthetic infection protocol,16 its 
level may be altered without any relation to infection 
in up to two-thirds of patients.17

The objective of this study was to determine the 
serum value of CRP with greater accuracy to assist in 
the diagnosis of acute periprosthetic infection after TKA.

Materials and methods

After the approval by the institution Ethics and 
Research Committee under number 804.216, the 
medical records of all hospitalized patients diagnosed 
with acute periprosthetic infection between March 
2014 and March 2016 were evaluated retrospectively 
and for convenience. 

The study included all patients submitted to TKA 
who evolved to acute postoperative infection within 
30 days after surgery and required surgical intervention. 
The diagnosis of periprosthetic infection was confirmed 
according to the criteria established by the Center for 
Disease Control (CDC).18

Patients who did not have a diagnosis of infection 
confirmed by the results of the cultures obtained 
intraoperatively, who had been diagnosed for over 30 
days, or with incomplete data in the medical record 
were excluded.

A control group was created, consisting of 103 
patients submitted to TKA, with the same pre- and 
postoperative protocol, the same surgical technique, and 
who did not present infectious complications. 

Data on age, gender, BMI, and ethnicity were 
obtained from all patients. In the “case” group, both the 
CRP value and the postoperative interval to collect the 
CRP that led to reoperation were recorded. In addition, 
preoperative CRPs on the third and 21st postoperative 
days were evaluated in the control group.

Quantitative CRP, evaluated in a 2 mL sample 
of venous blood, was used for analysis, which was 
performed in the institution’s laboratory. The 
turbidimetric method was used in the BT3000 Plus ® 
biochemistry analyzer (Wiener Lab – Rosario, Santa Fe, 
Argentina), with reference levels in adults of 5 mg/L for 
infectious diseases.

The data collected were analyzed using the 
Statistical Package for the Social Science (SPSS) program, 
version 22.0, and Microsoft Excel 2011. The data were 
synthesized for sample characterization and descriptive 
analysis of the variables’ behavior by calculating 
descriptive statistics (mean, median, minimum, 
maximum, standard deviation, coefficient of variation, 

proportions of interest), distributions of simple 
frequencies, and cross tables and descriptive graphs.

The Receiver Operating Characteristics (ROC) curve 
was used to identify an optimal CRP cutoff point for 
diagnosing the infection. The performance measure of 
the diagnostic test proposed using this cutoff point was 
the area under the ROC curve, and the significance of 
this area was evaluated by the test that judges the null 
hypothesis H0: the area under the ROC curve is equal to 
50. Under the null hypothesis, the proposed test has no 
power to discriminate between infected and uninfected 
individuals and is therefore expected to reject H0. 
In addition to the significance test, an asymptotic 
confidence interval was obtained for the area under the 
ROC curve, which was expected not to contain the value 
of 0.5. The data were analyzed considering a maximum 
significance level of 5%.

Results

Between March 2014 and March 2016, 1,373 
primary knee TKAs were performed. Twenty-eight 
readmissions (0.49%) occurred with a diagnosis of 
acute periprosthetic infection and indication for 
surgical debridement and implant retention. After  
the application of inclusion and exclusion criteria, 16 
patients were selected for the study. 

The statistical analysis showed that the case and 
control groups were similar in gender (p = 0.535), age 
(p = 0.833), skin color (p = 0.264), and BMI (p = 0.453) 
(Figures 1 and 2).

Table 1 shows the main CRP statistics of infected 
and uninfected patients. Both groups show a high 
variability of values, as shown by the sample amplitude 
and coefficients of variation. However, the mean and 
median values of the infected group are higher (p = 
0.001) (Figure 3).

The ROC curve identified as the optimal cutoff 
point the CRP level equal to 30.615 mg/L, where 
sensitivity and specificity simultaneously reach their 
highest level (Figure 4).

The test based on the proposed cutoff point has 
sensitivity equal to 0.75 and specificity equal to 0.777. 
Therefore, the accuracy of the proposed test is 77.3%. 
In addition, the proportion of false negatives is equal 
to 25.0%. 

In this analysis, the area under the ROC curve was 
0.762, showing satisfactory performance of the proposed 
test with the new CRP cutoff point. Table 2 shows the 
significance analysis of this area under the curve.
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Figure 1. Mean and median ages of uninfected and infected patients
Source: The authors (2022).

Figure 2. Mean and median BMI of uninfected and infected patients
Source: The authors (2022).

Table 3 shows, for different values of CRP cutoff 
points, the measures of false positive, sensitivity, and 
specificity, resulting in tests with stricter and less strict 
criteria. The serum level of CRP of 30.615 mg/L is the one 
that presented the greatest balance between sensitivity 
and specificity.

Discussion

Increased life expectancy and the desire for 
greater activity, associated with favorable results, have 
motivated the increased demand for TKA surgeries in 

recent years. Unfortunately, however, the number of 
complications continues to rise in equal proportion.

The diagnosis of infection after knee arthroplasty 
in the immediate postoperative period is particularly 
difficult since clinical signs can occur even in the 
normal postoperative period.13 The laboratory tests 
traditionally used for diagnostic of periprosthetic 
infections, such as CRP, are usually elevated in the 
immediate postoperative period.12 

The definition and performance of studies on 
this subject in Brazil are important in order to adopt 
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Table 1. Main CRP statistics in the infected and uninfected groups 

CRP Statistics Uninfected Infected

Mean 27.4 57.3

Median 15.4 39.1

Standard deviation 36.9 49.4

Minimum 0.7 5.4

Maximum 263.9 154.0

Sample amplitude (Range) 263.2 148.6

CV 1.4 0.9

p-value of KS test 0.000 0.029

p-value of SW test 0.000 0.003

p-value of Mann Whitney test 0.001

Legend: CV: Coefficient of variation. KS test: Kolmogorov–Smirnov test. SW test: Shapiro-Wilk test.
Source: The authors (2022).

Figure 3. Mean and median CRP dosages in uninfected and infected patients
Source: The authors (2022).

specific protocols for diagnosing and treating acute 
postoperative infections after TKA. 

Barreto and colleagues17 evaluated CRP levels in 
103 patients undergoing primary TKA. Serum CRP 
was measured on the day before surgery, as well as 
on the third and 21st days after the procedure. There 
was a sudden increase on the third day after surgery, 
reaching a mean value of 111.9 mg/L, with a median 
of 75.9 mg/L. Two-thirds of the patients maintained 
above normal values of serum CRP at the end of the 

third week. This alteration was not related to infectious 
complications but to surgical trauma. As this is a 
quantitative examination, it is important to define a 
value that presents greater safety for diagnosing acute 
periprosthetic infection and helps to indicate the need 
for a new surgical intervention. Our results showed that 
the value of 36.615 mg/L would be the most reliable for 
suspecting periprosthetic infection. 

Greidanus and colleagues19 suggest that the serum 
level of CRP is a good test for establishing the presence 
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or absence of infection before surgical intervention 
in patients with pain at the site of knee arthroplasty. 
However, this study evaluated the role of CRP in 
chronic infections and not in the acute scenario, as in 
our study. 

Paul and colleagues20 evaluated the ideal CRP 
cutoff point after arthroplasties in the immediate 
postoperative period (within six weeks of surgery). They 
showed that adopting a CRP cutoff point of 93 mg/L has 
ideal sensitivity. However, their study evaluated patients 
undergoing total hip arthroplasty and not TKA, as in 
our study. Since these surgeries are different, it is to be 
expected that the specific level for postoperative follow-
up of knee arthroplasty will have a different cutoff point.

Bedair and colleagues12 established guidelines 
for diagnosing infection after TKA in the immediate 
postoperative period (first six weeks after surgery). 
In addition, they demonstrated that adopting a CRP 
cutoff point of 95 mg/L has ideal sensitivity, being 
substantially higher than those previously published 
for late periprosthetic infections.13,21-23

Cipriano and colleagues24 suggested a lower CRP 
cutoff point in patients who underwent knee prosthesis 
that evolved into periprosthetic infection. The levels 
found were 15 and 17 mg/L for non-inflammatory and 
inflammatory arthritis, respectively, with an area under 
the curve of 88.5% and 85.1%. Unlike our study, these 
authors did not investigate CRP cutoff levels specific 

Figure 4. Mean and median CRP dosages in uninfected and infected patients
Source: The authors (2022).

Area under the 
ROC curve Standard error Asymptotic p-value

Asymptotic confidence interval 
for the area under the curve

Inferior limit Upper limit

0.762 0.065 0.001 0.636 0.889

Table 2. Significance analysis of the area under the ROC curve

Source: The authors (2022).
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to investigate them in a scenario of acute infection 
after TKA.

Early diagnosis of a periprosthetic infection 
increases the chances of successful treatment. The 
performance of the implant debridement and retention 
procedure (D+R) with polyethylene replacement has a 
probability of success between 38 and 48%. In addition, if 
a two-stage revision is necessary, the earlier the diagnosis, 
the better the result, as demonstrated by Olubsola and 
colleagues.26 They showed that the success rate after 
the two-stage revision procedure in patients submitted 
to D+R is significantly higher than in those submitted 
to sequential revision, with failures of 8.7% in the first 
group versus 17.5% in the second. 

This is the first Brazilian study on the subject. A 
positive aspect of our research is the significant number 

to acute or chronic infection cases, which may explain 
the differences between the studies.

Glehr and colleagues,25 using a CRP cutoff of 23.65 
mg/L to diagnose acute infections after knee or hip 
prostheses, found 80% sensitivity and 79% specificity for 
the test. The same study suggests that other tests, such as 
the serum dosage of procalcitonin and IL-6, may help to 
detect infection in arthroplasty revisions.

In their cohort, Kim and colleagues26 reported that 
13% of patients undergoing primary TKA evolved with 
a so-called bimodal pattern of increased serum CRP 
(elevation-depression-elevation) in the first four weeks 
after operation. However, they concluded that this 
increase might occur in similar proportions for causes 
other than periprosthetic infection, so it is necessary 

CRP cutoff point Specificity Sensitivity Specificity
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3.780 0.942 1.000 0.058

5.060 0.883 1.000 0.117

6.355 0.825 0.938 0.175

7.410 0.767 0.938 0.233

9.730 0,709 0.938 0.291

11.275 0.660 0.875 0.340

13.085 0.602 0.875 0.398

15.000 0.524 0.875 0.476

17.510 0.456 0.875 0.544

19.560 0.388 0.813 0.612

22.860 0.340 0.750 0.660

26.165 0.282 0.750 0.718

Optimal point 30.615 0.223 0.750 0.777

   
  ←

 S
tr

ic
te

r c
rit

er
ia

35.080 0.204 0.500 0.796

43.000 0.146 0.500 0.854

55.070 0.107 0.375 0.893

75.010 0.078 0.188 0.922

148.000 0.019 0.125 0.981

264.900 0.000 0.000 1.000

Table 3. CRP cutoff points for tests with stricter and less strict criteria

Legend: CRP: C-reactive protein.
Source: The authors (2022).
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of patients, since it addresses a specific and relatively 
uncommon complication. In addition, the aid of an 
objective criterion in diagnosing acute infection is 
extremely desired and awaited by surgeons who perform 
arthroplasties. The limitations of the research are related 
to the fact that it is a retrospective study, since the 
approach protocols have been changed over time, leading 
to a high rate of exclusion. Nevertheless, we believe that 
these results can consistently assist in creating future 
algorithms that increase the reliability of the use of serum 
CRP in diagnosing acute periprosthetic infection. 

Conclusion

Serum levels of CRP higher than 30.615 mg/L in 
the third week after TKA associated with clinical signs 
are highly suggestive of acute periprosthetic infection.
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Abstract
Introduction: Encephalon malignant neoplasia (EMN) is a 
harmful type of cancer and its most aggressive phenotypes 
lead to the demise of patients in 12-18 months despite the use 
of state-of-the-art therapies, which remain inefficient and 
expensive for patients, families and health systems. The aim 
of this work was to analyze the expenditures of the Brazilian 
Sistema Único de Saúde (SUS), the national public health 
system, on EMN patients compared to all neoplasia patients 
over a span of ten years (2008 to 2017). Methodology and 
resources: Monthly data were collected from the SUS data 
base DATASUS from 2008 to 2017 and analyzed with regard to 
EMN and general neoplasia for the following categories: value 
of total expenditures; number of hospitalizations; mean value 
of hospitalizations; mean of monthly permanence time and 
death rate. Results: More than 0.3% of SUS costs were directed 
to EMN patients, although they represented 0.1% of total 
hospitalizations. The mean value of hospitalization of EMN 
patients was almost 80% that of general neoplasia patients 
and hospitalization time was twice that of general neoplasia 
patients. Moreover, EMN patients had a death rate almost 
four times higher than that of general neoplasia patients. Dis-
cussion and conclusion: EMN therapies remained expensive 
and lacked efficacy in the time period under analysis, with 
a disproportionate share of SUS expenditure being dedicated 
to these patients. Improving the effectiveness of treatment 
requires drug repurposing and adjuvant chemotherapy—in ad-
dition to radiotherapy and the use of monoclonal antibodies.

Keywords: Encephalon malignant neoplasia; Cancer treat-
ment costs; SUS.

Introduction

Primary central nervous system (CNS) tumors, such 
as encephalon malignant neoplasia (EMN), account for 
around 2% of all adult human neoplasia. They involve 
many types of tumor, such as astocytomas—the most 
common EMNs—, ependymomas, oligodendrogliomas, 
neuroblastomas and others.1,2 Considering all EMNs, 
Ostrom and colleagues (2018) showed that the incidence 
of new cases in the USA varies from 5 (children) to 50 
(elders above 60 years old)/100.000 habitants per year, 
with variations depending on the age group.3,4 One 
of the most classic symptoms of EMNs are associated 
convulsions in peritumoral area.5 It is well known in 
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the literature that the most common adult EMN is 
grade IV astrocytoma, known as human multiform 
glioblastoma (GB). GB is a WHO-IV grade tumor that 
exhibits nuclear atypia and genetic heterogeneity; it 
can induce neoangiogenesis and exhibit large necrosis 
in central tumor areas.3,6-8 In Brazil, Werneck de Carvalho 
and colleagues (2017) showed that neuroepithelial CNS 
tumors accounted for almost 50% of all CN-diagnosed 
tumors in the population of a certain region in the 
state of Pará, Brazil, from 1997 to 2014.9 Another recent 
study10 showed that the greatest incidence of these 
neuroepithelial CNS tumors in Brazil occurs in the 
40-59 year-old age group with no distinction between 
the sexes.

EMN diagnosis is identified through magnetic 
resonance imaging (MRI) in order to evaluate the 
location of the tumoral mass inside the encephalon 
and is followed by neurosurgery for the removal of the 
largest possible area of the tumoral mass. With regard to 
GB, even after neurosurgery and radio/chemotherapy 
protocols using the DNA alkylating agent temozolomide 
(TMZ) for many sessions, tumoral recurrence transpires 
in the vast majority of the cases.6,11,12 It is well known 
that the overall 5-year survival rate of GB patients 
is 5%, despite the use of all available therapeutic 
tools, due to the capacity of GB to deregulate diverse 
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that involves a significant amount of time and is also 
very expensive for patients and health systems around 
the globe, while leading to no significant results in its 
clinical management.20-22 Considering these factors, 
the aim of this work was to evaluate how the Brazilian 
public health system (Sistema Único de Saúde, SUS) 
managed certain aspects related to EMN, especially 
treatment costs, hospitalization time and death rates, 
over a decade (2008-2017).

 

Materials and methods

Data collect and table generation: Data from the 
Brazilian “Banco de Dados do Sistema Único de Saúde” 
(DATASUS) (http://tabnet.datasus.gov.br/cgi/deftohtm.
exe?sih/cnv/niuf.def) were used for the 2008-2017 period, 
year by year, concerning: a) Total value per month, Total 
value for the ICD-10-Neoplasia category and Total value 
for EMN (Table 1); b) Number of hospitalizations per 
month, Number of hospitalizations for the ICD-10-
Neoplasia category and Number of hospitalizations for 
EMN (Table 2); c) Mean value of hospitalizations per 
month, Mean value of hospitalization for the ICD-10-
Neoplasia category and Mean value of hospitalizations 
for EMN (Table 3); d) Mean time of permanence per 
month, Mean time of permanence for the ICD-10-

signaling pathways, which makes the establishment of 
a therapeutic protocol extremely difficult.4,13,14

Even with this evident problem, significantly more 
than 700 clinical trials related to GB exist, using different 
therapeutic protocols and interventions in an attempt 
to enhance the overall survival rate of patients.15 This 
fact calls into question current therapies for GB and 
highlights the need to find therapeutic alternatives for 
treatment of this type of tumor and other EMNs, such 
as neuroblastomas, oligodendrogliomas and even lower-
level (II and III) astrocytomas. One of the explanations 
for this myriad of protocols is the attempt to act, mainly 
pharmacologically, on many deregulated signaling 
pathways in EMN cells. The literature highlights the 
fact that GB and neuroblastoma cells, for example, 
exhibit enhanced phosphoinositide 3-kinase/RAC-alpha 
serine-threonine protein kinase/mammalian target of 
Rapamycin (PI3 kinase/Akt/mTOR) activation as well as 
Rat sarcoma virus (Ras), epidermal/vascular endothelial 
growth factor (EGF/VEGF), glycogen synthase kinase 3 
beta (GSK-3β) and protein kinase C (PKC) downstream 
pathway triggering.13,16-19 Since many of these pathways 
interact in tumoral cells, it is clear that no simple 
therapeutic approach can be easily found.

The literature widely describes that diagnosing 
and treating EMNs, especially GBs, is a costly process 

Year A) SUS expenditures 
with all neoplasia (%)

B) SUS expenditures 
with EMN (%)

C) EMN expenditures/ all 
neoplasia expenditures (%)

2008 7.15 0.269514 3.76

2009 7.21632 0.282442 3.916286

2010 7.318336 0.26667 3.645068

2011 7.515978 0.28 3.787532

2012 7.907894 0.296386 3.748988

2013 10.13073 0.294075 2.922765

2014 10.83456 0.306753 2.833148

2015 11.2412 0.321342 2.859452

2016 11.51003 0.344574 2.995991

2017 11.59962 0.337538 2.9101

Mean ± SEM 9.24±1.97 0.30±0.02 3.34±0.46

Table 1. SUS expenditures percentage from 2008 to 2017

Legend: SUS: Sistema Único de Saúde. EMN: Encephalon malignant neoplasia. Last line: mean ± standard error of the mean. 
Mean: Sistema Único de Saúde (SUS) total net expenditures (in Brazilian Real): 12,049,220,951.00.
Source: The authors (2022).
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Table 2. SUS hospitalization percentage

Year A) Hospitalizations due 
to general neoplasia (%)

B) Hospitalizations 
due to EMN (%)

C) EMN hospitalizations/
General neoplasia 

hospitalizations (%)

2008 5,05 0.09 1.841264

2009 5.166218 0.099831 1.934264

2010 5.323121 0.099351 1.867213

2011 5.531869 0.107138 1.93862

2012 5.949984 0.112836 1.897055

2013 6.199764 0.115381 1.861056

2014 6.410482 0.113681 1.773359

2015 6.640472 0.118143 1.779139

2016 7.382037 0.137936 1.868537

2017 6.933717 0.125973 1.816812

Mean ± SEM 6.06±0.79 0.11±0.01 1.86±0.05

Legend: SUS: Sistema Único de Saúde. EMN: Encephalon malignant neoplasia. Last line: mean ± standard error of the mean. 
Mean of total net hospitalizations/year: 11,041,635.00.
Source: The authors (2022).

Table 3. Mean hospitalization value percentage

Year
A) Mean hospitalization 

value for general 
neoplasia (%)

B) Mean hospitalization 
value for EMN (%)

C) Mean EMN value/ mean 
general neoplasia value (%)

2008 141.71 289.90 204.5576

2009 139.7482896 283.0601 202.5259

2010 137.5134631 268.2042 195.0322

2011 135.8815229 265.5436 195.4642

2012 132.9390426 262.8976 197.7258

2013 164.5797878 256.0027 155.5493

2014 169.0813648 269.8476 159.5963

2015 169.3457882 271.9947 160.6149

2016 169.2704299 271.1682 160.1982

2017 167.5050954 267.8203 159.8879

Mean± SEM 152.76±16.23 270.64±9.67 179.12±21.26

Legend: EMN: Encephalon malignant neoplasia. Last line: mean ± standard error of the mean. Mean: Sistema Único de 
Saúde (SUS) hospitalization values (Brazilian Real): 1070.29
Source: The authors (2022).



42        bjhbs.hupe.uerj.br

Original article

Neoplasia category per month and Mean time of 
permanence for EMN (Table 4); and e) Death rate for 
the ICD-10-Neoplasia category and Death rate for EMN 
(Table 5). 

The data were then organized in tables and shown 
as a percentage of each given year’s value/number. Mean 
values of the studied period regarding the following 
parameters were included in the captions of the respective 

Year
A) Mean hospitalization 

time for general neoplasia 
(%SUS mean)

B)Mean hospitalization time 
for EMN ( (%SUS mean)

C) Mean hospitalization 
time for EMN (% mean 

general neoplasia value)

2008 101.72 213.7931 210.1695

2009 101.7241 208.6207 205.0847

2010 100 208.7719 208.7719

2011 98.24561 207.0175 210.7143

2012 96.49123 205.2632 212.7273

2013 96.49123 207.0175 214.5455

2014 96.42857 201.7857 209.2593

2015 96.42857 201.7857 209.2593

2016 92.85714 196.4286 211.5385

2017 94.44444 194.4444 205.8824

Mean± SEM 97.48±2.93 204.49±5.92 209.80±2.87

Table 4. Mean hospitalization time percentage

Legend: EMN: Encephalon malignant neoplasia. Last line: mean ± standard error of the mean. Mean: Sistema Único de 
Saúde (SUS) hospitalization time (days): 5.66.
Source: The authors (2022).

Year A) Death rate by general neoplasia B) Death rate by EMN

2008 3.28 13.72

2009 3.48 13.63

2010 3.61 14.09

2011 3.71 13.82

2012 3.8 13.5

2013 3.94 13.4

2014 3.97 14.1

2015 4.18 13.67

2016 4.38 13.7

2017 4.29 13.59

Mean ± SEM 3.86±0.35 13.72±0.22

Table 5. Death rate

Legend: Last line: mean ± standard error of the mean.
Source: The authors (2022).
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tables: Total value per month, Total hospitalizations per 
month, Mean value of hospitalization and Mean time of 
permanence per month.

Results

At first, we wanted to identify the overall sum of 
SUS expenditures—that is, including all ICD-10 identified 
pathologies—and the share of this sum dedicated to all 
neoplasia and to EMNs specifically. As shown in column 
A of Table 1, a mean of 9.24±1.97% of SUS expenses 
were allocated to neoplasia patients during the 10 years 
analyzed. Specifically verifying SUS expenditures on 
EMN patients during the same period, we found that 
0.3±0.02% of overall disbursements were dedicated 
to them (Table 1, column B). Using a more specific 
comparison parameter, we found that only 3.34±0.46% 
of total SUS expenditures on neoplasia were allocated 
to EMN patients (Table 1, column C).

Following the initial identification of mean general 
expenditures, we decided to evaluate the percentage 
of SUS hospitalizations related to neoplasia (Table 2, 
column A) as well as to EMN (Table 2, column B). We 
observed that 6.06±0.79% of hospitalizations were 
due to neoplasia, but only 0.11±0.01% corresponded 
to EMN in the period. We also verified that these 
hospitalizations accounted for 1.86±0.05% of the total 
number of neoplasia hospitalizations. This highlights 
the low number of patients hospitalized in SUS due to 
EMN during the years under analysis.

Next, we decided to evaluate differences in the cost 
of hospitalization between neoplasia and EMN patients. 
Table 3 shows SUS outcomes per hospitalization for 
neoplasia (column A) and we verified that these were 
52.76±16.23% higher than the mean overall cost of 
hospitalization. Specifically for EMN, we observed 
that these patients exhibit a higher mean cost of 
hospitalization compared to the same parameter 
(170.64±9.67%) (column B). Moreover, we observed 
that the value for EMN was 79.12±21.26% higher than 
that of neoplasia in general (column C). In summary, 
EMN patients generate more costs for the SUS than 
other neoplasia patients, even though they are fewer 
in number.

In light of the data presented, we wondered if 
the high cost of EMN patients could be justified by 
a reduction in their hospitalization time or else in 
their death rates. To study this hypothesis, Table 4 
was generated and shows that neoplasia patients are 
hospitalized for roughly the same time as the general 

mean of the SUS (column A, 97.48±2.93%). On the other 
hand, EMN patients presented a doubled hospitalization 
time compared to neoplasia in general (column C, 
209.8±2.87%) or the mean of the SUS (column B, 
204.49±5.92%). Even after the costly treatment allocated 
to a very small number of SUS patients, EMN patients 
clearly remained hospitalized for a longer time. 

Last, we sought to evaluate the death rate of EMN 
patients compared to neoplasia patients (Table 5). 
We observed that death rate for neoplasia is around 
3.86±0.35%, while for EMN this rate is three times 
higher, reaching 13.72±0.22%. It is noteworthy that the 
EMN death rate showed only a small variation over 
the 10 years under analysis, while total neoplasia grew 
gradually during the same period. In summary, EMN 
patients spent more time hospitalized and exhibited a 
higher death rate.

Discussion

A study showed that annual cost for treatment of 
CNS tumors in the USA in 2010 was the highest among 
all tumor types evaluated in the study.20 The same 
study projected that the total cost with the treatment 
of cerebral tumors in the USA would increase by more 
than 20% from 2010 to 2020.

Despite the small number of patients compared to 
other neoplasia types, the direct and indirect economic 
impacts caused by high EMN treatment costs and 
mortality are substantial.22,23 As an example, Tykocki 
and Eltayeb24 published a meta-analysis identifying 
the 10-year survival rate in GB-diagnosed groups 
involving more than 30 studies between 1950 and 
2010. The authors observed that this percentage was 
less than 1% even after the use of the entire available 
therapeutic arsenal in the respective decades. In Brazil 
the reality is the same. Regarding patient mortality, 
a study by Monteiro and Koifman21 revealed that, 
in Brazil, the mortality rate due to cerebral tumors, 
whether malignant or not, increased by almost 50% 
from 1980 to 1998, mainly in the adult and elderly 
population groups. 

In the present study we observed that EMN 
treatment costs are high and directed to a small number 
of patients. Additionally, we evaluated that the death 
rates related to EMN were three times higher than those 
of other neoplasia in the decade under analysis, despite 
the use of the entire therapeutic arsenal.  

Back in the 1990s, Silverstein and colleagues25 
published a work analyzing grade III astrocytoma or GB 
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patients between 1987 and 1992, which showed that the 
cost per patient at that time exceeded US$67,000, taking 
in account the entire therapeutic process. More recently, 
a study from the first decade of this century showed that 
each temozolomide (TMZ) cycle for recurrent glioma 
treatment cost more than €2,000/month per patient at 
that time. In a critical and elucidative review, Raizer and 
colleagues23 compared direct medical costs and other 
encephalic neoplasia treatment-related factors among 
ten works in the literature. The authors confirmed that 
adjuvant therapies, such as the use of irinotecan and 
bevacizumab, increased the cost of treatment greatly. As 
an example, treatment with only bevacizumab cost up 
to US$240,000/year for a 70kg patient. Comparatively, 
our study showed that EMN patients exhibited almost 
double the costs for the SUS in comparison with other 
neoplasia patients—even though we were unable to 
compare numeric values from 2008 to 2017 because 
of variations in the exchange rate of the Brazilian real 
(currency) in relation to the euro and the dollar. The 
high effective cost for patients, families, or health care 
systems is, however, clear.

Clearly, a long and winding road that must be 
traveled until we reach more efficient therapeutic 
strategies. Bernard-Arnoux and colleagues28 developed 
a model for calculating the cost-benefit of adding some 
therapies to the standard treatment for GBs. As a result, 
they observed that the increase in life expectancy 
barely surpassed 4 months with a total cost per patient 
greater than €180,000 until decease. Our study showed 
that death rates and mean hospitalization time did not 
vary during the decade under analysis in Brazil, as also 
observed in literature.

Nevertheless, the literature shows that new 
therapies are being used in vitro, in vivo and even in 
clinical trials for EMN with the objective of improving 
the effectiveness of treatments, enhancing patients’ 
lifespan and reducing the death rate. A recent emerging 
and low-cost approach is drug repositioning—i.e. 
revisiting old drugs in order to find new therapeutic 
targets and reformulating their clinical indications, 
including cancer treatment. This strategy is appropriate 
for EMN and GB, being one of the most promising 
approaches nowadays due to its low cost and the 
wide variety of targets when a combination of drugs 
are used.15,27 As an example, we can cite the use of 
sulfasalazine, a well-known anti-inflammatory 
drug used since the 1940s to treat chronic bowel 
inflammatory diseases and arthritis, and its discovered 

action in blocking the xC- transport system, the 
essential mechanism in GB for generating glutathione 
and recovering from oxidative stress.11,29,30 Higher 
cost options can be considered as well for improving 
the overall survival rate of EMN patients, such as the 
use of adjuvant monoclonal antibodies—especially 
bevacizumab, a vascular endothelial growth factor-
receptor (VEGF-R) targeted antibody.31,32 Specifically, 
many clinical trials concerning GB treatments 
highlight that, following the pioneering work of Stupp 
and colleagues,33 the use of a treatment combining 
alkylating agent temozolomide and radiotherapy 
increases the overall survival rate of patients—which 
can be increased even further if GB cells exhibit tumoral 
O-6-methylguanine-DNA methyltransferase (MGMT) 
promoter methylation.26,33-36

Since EMNs are a genetically broad and heteroge-
neous group of tumors, it is clear to us that investment 
in basic and clinical studies that can unravel their 
biology, progression and pathogenesis is essential. 
With regard to genetic specificities, another practical 
approach is appropriate for EMNs. Precision medicine 
in cancer mainly looks for the variability of individ-
ual patient genetics for prevention, care and therapy, 
instead of a one-drug/one-dose/one-treatment-fits-all 
model, thereby helping to reach a better outcome for 
each patient.37 Since 2016 we have identified genetical-
ly different GB subtypes (such as IDH gene mutant or 
wild-type), indicating that molecular subclassification 
is a useful tool for improving cancer treatments. In 
fact, precision medicine has already been pointed out 
as an excellent approach to achieve better results for  
EMN patients.38-40

Moreover, we can observe that EMN treatment in 
Brazil and worldwide is a high cost and low efficiency 
process with regard to decreasing the death rate 
of patients. However, new therapeutic approaches 
are now on the horizon and must be considered as 
adjuvant therapies for standard protocols. This study 
concluded that, from 2008 to 2017, SUS expenses with 
EMN patients surpassed mean expenditures per patient 
overall and on neoplasia in general, despite the small 
number of EMN patients. Even using state-of-the-art 
therapies, neither mean hospitalization time nor the 
death rate of EMN patients fell during the 10 years 
under analysis. Thus, these treatments still involve high 
costs that are not converted into significant increases in 
life expectancy, in concordance with other worldwide 
studies. Especially in the case of GB patients, palliative 
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care alternatives unfortunately still remain the only 
plausible solution despite all therapeutic protocols. 
Still, patients and families can have the option of 
advanced care planning (ACP) for decision-making, 
especially in the end-of-life phase.41
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Abstract
Introduction: This work describes the evolution over time of 
the Covid-19 pandemic in terms of reported cases, deaths and 
bed occupancy in the state of Piauí (Brazil) from 6 April 2020 
to 4 January 2021. Objectives: The aim is to provide quanti-
tative information on decision-making related to preventive 
measures and their effectiveness. Methodology and resources: 
Data were surveyed from the “Covid-19 in Piauí – Panel” to 
support a cross-sectional study that includes gender, age group, 
reported deaths, and bed occupancy as variables for built-in 
descriptive statistics and mobile mean estimates. Results and 
discussion: The data pointed to a slightly higher incidence 
(54.63%) in women, the highest (22.64%) being among patients 
in the range from 30-39 years. Recovery comprised 140,420 
patients (97.48%) while confirmed deaths included 2,862 pa-
tients (1.99%), along with 774 (0.53%) sub-notifications. With 
respect to the latter, lethality was higher (58.56%) in men, 
reaching 77.67% in the case of those older than 60 years. In 
2020, demands for either clinical or intensive care unit beds 
increased quickly during the first months of the pandemic, 
whereas demand for stabilization beds fluctuated intensely. 
Conclusion: Since a high prevalence (71.55%) was observed 
in economically active age groups and the highest lethality 
occurred among the elderly, preventive measures are still 
required and should be continuously adopted to mitigate the 
spread of Covid-19 in the state of Piauí (Brazil).

Keywords: Public health; Epidemiological monitoring; 
2019-nCoV pandemic. 

Introduction

Belonging to the Coronaviridae family – Nidovirales 
order, coronaviruses are positive non-segmented envel-
oped RNA viruses that are widespread among humans 
(as well as other mammals), in whom they usually cause 
mild infections. Even so, high mortality rates were 
reported worldwide in the case of previous epidemics 
caused by two beta-coronaviruses, namely, severe acute 
respiratory syndrome coronavirus (SARS-CoV).1,2,3 and 
Middle-East respiratory syndrome coronavirus (MERS-
CoV).4,5

Previously identified coronaviruses can be starting 
points for epidemiological science to broadly assess 
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and study potential newer as well as serious zoonotic 
events due to the increasing consumption of exotic 
animals as human food.6 With clinical manifestations 
similar to viral pneumonia, in December 2019 a series 
of unknown-cause pneumonia cases emerged in Wu-
han (China), which were subsequently identified as 
Covid-19.7 SARS-CoV-2 transmission occurs from person 
to person in close contact, mainly via respiratory drop-
lets produced when an infected person either coughs or 
sneezes. Fomites can be a major source of transmission, 
since SARS-CoV-2 has been found to persist on surfaces 
for up to 96 hours while other coronaviruses can persist 
for up to 9 days.8,9

Covid-19 ranges from a simple cold to severe pneu-
monia, clinically presenting a flu-like syndrome at the 
onset of disease but is capable of leading to death in 
more severe stages. Its physical symptoms customarily 
involve coughing, fever, anosmia, ageusia, fatigue and 
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breathing difficulties.10 People with Covid-19 present 
signs and symptoms on average 5-6 days after contact 
with the virus and infectious condition development.11

Insofar as Covid-19 is a highly contagious disease, 
its early detection, isolation, hospitalization and diag-
nosis are vital for control purposes and can effectively 
mitigate disease transmission risks.12-14 With respect 
to infectious disease (Covid-19) control, delays in 
hospitalization or isolation may lead to prolonged 
infection periods while increasing the rate of recovery 
of patients.

Previous studies have described characteristics of 
Covid-19 patients, including the time interval between 
major events.15-17 Also, a reduction in the time interval 
from symptom onset to hospitalization-isolation is an 
evident result of the adoption of public health mea-
sures.18,19 At the individual level though, little is known 
about the influencing factors associated with delayed 
hospital admission and length of stay. Identifying those 
factors may be helpful in making inferences about the 
workload of the medical and multidisciplinary team, 
while allocating medical resources rationally and assist-
ing response efforts, as well as about their effectiveness 
at a global level.20

Located in Northeast region of Brazil, the state 
of Piauí confirmed its first Covid-19 case on March 
19, 2020. In this Brazilian state, more than 146,000 
cases and 2,895 related deaths due to Covid-19 were 
confirmed up to 9 January 2021 (those numbers may 
be even higher due to untested positive cases and de-
lays in notification). In order to prevent the spread of 
Covid-19, the government of Piauí applied contingency 
measures and created crisis management committees, 
while social isolation measures were intensified and a 
health emergency declared.11

In Piauí, the monitoring of the dynamic evolution 
of Covid-19 cases, deaths and demand for hospital beds 
became necessary, since this evolution directly influenc-
es social and governmental decision-making. According-
ly, the present work describes the dynamic evolution of 
Covid-19 pandemic and the occupation of hospital beds 
in Piauí from 6 April 2020 to 4 January 2021. The survey 
data can provide quantitative information to support 
the planning of preventive measures while providing 
measures of their corresponding effectiveness. 

Methodology and resources

The present work focused on the state of Piauí, 
which is located in the Northeast region of Brazil. 
Its population comprises almost 3.3 million people 

(~5.75% of the population of the Northeast), distrib-
uted among 224 municipalities. The capital city of 
Piauí is Teresina, whose population is about 870,000 
inhabitants.21 Being of a descriptive cross-sectional 
quantitative nature, the present work was carried out 
by evaluating secondary data available online from 
the “Covid-19 in Piauí – Panel”.22

The evaluated sample consisted of all confirmed 
Covid-19 cases in Piauí from 6 April 2020 to 4 January 
2021. The variables investigated included gender, age 
group, confirmed deaths caused by Covid-19, and the 
evolution of beds occupied by Covid-19 patients (i.e. 
general, ICU and stabilization beds). The criteria for 
inclusion were all the reported Covid-19 cases in Piauí 
available in the State Department of Health database. 
Exclusion criteria were incomplete reports, registration 
outside the survey sample and variables not analyzed in 
this study. Data were organized, tabulated and processed 
via Microsoft Excel® software, with the help of built-
in descriptive statistical analysis and moving average 
estimate numerical tools.

Since the present work used secondary data of 
public free access available from “Covid-19 in Piauí – 
Panel”, no procedure in the Research Ethics Committee 
was required (in accordance with Brazilian National 
Health Council Resolution No. 466/2012 and current 
ethical norms). At this point, the commitment of the 
authors to data veracity and result content suitability 
is acknowledged.

Results and discussion

Until 4 January 2021, the “Covid-19 in Piauí – 
Panel” reported 144,056 cases in all 224 municipalities 
in the state,22 with 140,420 cases of recovery (97.48%) 
and 2,862 confirmed deaths (1.99%), as well as 774 sub-
notifications (0,53%). The percentage of confirmed 
deaths shows that the Covid-19 lethality rate in Piauí 
is slightly lower than either worldwide or Brazilian 
figures, which are respectively 2.14%23 and 2.4%.24

As far as gender distribution is concerned, 65,360 
reports (45.37%) referred to men whereas 78,696 
notifications (54.63%) referred to women.22 The above-
mentioned incidence contrasts with existing data,25 
which point to SARS-CoV-2 infection as being more 
frequent in adult men.

In terms of lethality, 1,676 deaths (58.56%) 
referred to men while 1,186 deaths (41.44%) referred 
to women.22 These differences in reporting deaths 
may refer to the cultural fact in Brazil that women are 
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more concerned with health issues while men only 
seek medical care in more extreme circumstances.26 
Moreover, these values may refer to lifestyle and/or 
epigenetic and hormonal differences that possibly 
affect innate immunity in males.27

With regard to distribution among age groups, 
Table 1 shows confirmed Covid-19 cases and subsequent 
deaths in Piauí. Economically active people (i.e. those 
20-59 years old) comprise 103,076 reported cases (71.55%), 
mostly within the 30-39 years age group with 32,614 
cases (22.64%). These findings are consistent with data 
from the State of Tocantins (also in Brazil) and the 
average age of 34 years found in surveys of Chinese 
hospitals.28 As claimed in the latter work, this population 

Antonio A. I. Costa Filho e cols • Covid-19 in Piauí: cases, deaths, bed occupancy

Age group (years) Confirmed cases Confirmed deaths

0 – 9 7163 6

10 – 19 11752 10

20 – 29 27919 35

30 – 39 32614 83

40 – 49 24449 184

50 – 59 18094 321

60 – 69 11400 539

70 – 79 6597 752

Above 80 4068 932

Table 1. Covid-19 in Piauí (Brazil)22: Age group distribution of confirmed cases and deaths until 4 January 2021

Source: The authors (2022).

segment forms the basis of economic activities and is 
more exposed to several risk factors that underlie the 
transmission chain.

The above-mentioned findings are reasonably close 
to data29 for the State of Espírito Santo (also in Brazil). 
This latter cross-sectional study showed factors linked 
to higher mortality risks due to Covid-19, including 
age above 60 years, low education, either yellow or 
black skin color, and the presence of morbidity and 
multimorbidity.

SARS-CoV-2 is prone to infect people with chronic 
comorbidities, such as diabetes, cardiovascular and 
cerebrovascular diseases.25 Serious cases are concentrated 
among adults older than 60 years and in those with the 

above-mentioned conditions.30,31 Serious manifestations 
can equally be associated with co-infections of bacteria 
and fungi.25

Higher death risks after Covid-19 infection have 
indeed been noted in patients with comorbidities.32 
The presence of either chronic obstructive pulmonary 
disease (COPD) or chronic kidney diseases (CKD) 
may increase the risk of serious events by up to 6.6 
or 5.3 times, respectively. The risks of serious events 
associated with cardiovascular diseases are about 
4.5 times greater, while diabetes mellitus leads to 
a statistically significant 3.07-fold increase in the 
probability of severe Covid-19.

Figure 1 shows the evolution of the occupancy of 
clinical beds and the associated weekly moving average 
in Piauí until 4 January 2021. Bed demand increased 

rapidly during the initial months in 2020, with peaks in 
June and July, e.g. the highest peak reached 580 Covid-19 
patients on 7 July 2020, followed by a fluctuating drop in 
occupation in subsequent months. Based on the moving 
average, Figure 1 suggests a downward trend of 14.03% 
in the final 14 days in the observed period.

With respect to the occupancy of beds due to 
Covid-19 in Piauí, recent official data33 point to 738 
beds in nursing wards, 180 beds in Intensive Care Units 
(ICUs), and 34 stabilization beds. While data show that 
the number of beds occupied was basically the same 
throughout 2020, mortality rates were indeed reduced 
due to vaccine campaigns, so that the occupation of 
beds in wards overlapped their counterparts in ICUs. 
However, the elderly remain a critical challenge in terms 
of immunization against Covid-19, since they still rep-
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resent about 50% of both bed occupancy and mortality 
rates. Even in scenarios with 3 or more vaccine doses, the 
elderly no longer have efficient immunity and, hence, 
vaccine effects tend to be weaker in this age group.34

Figure 2 shows the evolution in the occupancy 
of ICU beds and associated weekly moving average in 
Piauí up to 1 January 2021. Impressive growth occurred 
in the initial months, with a peak on 5 July referring 
to occupation by 330 patients requiring intensive 
care. Analysis of the variation of the moving average 
pointed to a downward trend of 9.33% in the last 14 
days of the period under observation.

In addition to asymptomatic cases, Covid-19 
symptoms can be either mild or severe. In the latter 
case, patients may also suffer from severe dyspnea and 
tachypnea (>30 rpm), thus requiring hospitalization, 
which explains the increase of ICU bed occupancy in 
July when compared to previous months.35

Data from Figures 1 and 2 may be the result of the 
adoption of social distancing measures by the popula-
tion of Piauí, which practice has been pointed out as 
the most important prevention measure against the 
spread of coronavirus.36 The evolution of bed occu-
pancy in June-July may suggest a weakening of steps 

Figure 1. Covid-19 in Piauí (Brazil)22: Evolution of the occupancy of clinical beds and associated moving average until 1 
January 2021
Source: The authors (2022).

Figure 2. Covid-19 in Piauí (Brazil)22: Evolution of the occupancy of ICU beds and associated moving average until 1 
January 2021
Source: The authors (2022).
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to prevent the spread of Covid-19, leading government 
authorities to adopt measures such as the opening of 
new field hospitals and the implementation of more 
stringent lockdowns.37

The available evidence38-40 asserts that non-phar-
macological interventions (e.g. hand hygiene, social 
distancing, mask use, and room ventilation) mitigate 
the spread of the virus, thus reducing bed occupancy 
and the saturation of the health care system. While 
social distancing remains a somewhat controversial 
non-pharmacological measure, the data in Figures 1 
and 2 are prone to support its impact on Covid-19 
cases and subsequent deaths in Brazil.41

Figure 3 shows the evolution in the occupancy of 
stabilization beds and the associated moving average 
in Piauí until 1 January 2021. Demand for stabilization 
beds experienced more intense fluctuations (when 
compared to their clinical and ICU counterparts), 
especially from June to August, with relatively high 
occupations reaching 27 beds on 8 July and 26 beds 
on 25-26 June. An upward trend is evidenced in the 
moving average, with a 46.94% increase over the last 
14 days in the period under observation.

As far as the Covid-19 assistance framework is 
concerned, the occupancy data in Figures 1 to 3 are 
important factors in decision-making because beds 
(especially ICU ones) are extremely important in 
saving lives.31 Such data might support not only the 
formation as well as the implementation of public pol-

icies against Covid-19, such as increasing the number 
of health service units and adopting social distancing 
(or instead flexibilizing it).42

While bed occupancy rates may possibly suggest 
some inefficiency with respect to Covid-19 mitigation 
in Piauí, Figure 3 supports the need to maintain mea-
sures to slow down SARS-CoV-2 propagation in this 
state of Brazil. Accordingly, prevention actions should 
always be adopted to reduce the number of Covid-19 
cases and, hence, the occupancy of beds (clinical, ICU, 
stabilization) as a means to relieve and reorganize the 
health care system.43

Conclusion

As shown by the increasing number of confirmed 
cases in Piauí, Covid-19 shows a higher prevalence 
among economically active age groups (i.e. 20-59 
years old) and higher lethality among the elderly (i.e. 
people older than 60 years). Accordingly, preventive 
measures are necessary and should be continuously 
adopted in order to mitigate the spread of the disease. 
While confirmed cases have increased, demands for 
general and ICU beds have decreased, declining re-
spectively by 14.03% and 9.33% (on weekly moving 
average basis) in last 14 days of the period under study.

The limitations of the present work include the 
use of secondary data (which refer exclusively to 
registered notifications) and possible existence of un-
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Figure 3. Covid-19 in Piauí (Brazil)22: Evolution of the occupancy of stabilization beds and associated moving average until 
1 January 2021
Source: The authors (2022).
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derreporting (which may affect the epidemiological 
profile, thus possibly introducing bias). Nevertheless, 
the present work contributes to the monitoring of the 
evolution of the Covid-19 infection-death binomial 

and its influence on bed occupancy in the state of 
Piauí as a means to assist decision-makers in planning 
as well as managing actions geared towards the pre-
vention and mitigation of Covid-19.
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Abstract
Introduction: The emergence of a new coronavirus has 
changed the world and caused one of the biggest global 
health crises of the past 100 years. The protagonist of the 
pandemic, the Severe Acute Respiratory Syndrome Coronavi-
rus 2 (SARS-CoV-2), is responsible for the coronavirus disease 
2019 (Covid-19), which leads to dysfunctions in a plethora 
of systems, especially in severe cases. Therefore, researchers 
and healthcare professionals are making great efforts to 
develop a therapy that helps the many organs affected by 
the disease, for which mesenchymal stem cells (MSCs) arise 
as promising candidates. MSCs can offer benefits at different 
phases of Covid-19, since they have important anti-inflam-
matory and tissue repair properties. Objective: This review 
aims to elucidate how MSCs can contribute in the Covid-19 
scenario by considering their properties and mechanisms 
of action. Methods: A review of the scientific literature was 
conducted on electronic databases, such as PubMed, Scielo 
and Web of Science, in the period of 2020-2021. Results: Ther-
apeutic effects of MSCs in preclinical models of respiratory, 
nervous, renal, and cardiovascular systems were observed. 
Conclusion: MSCs can be a therapeutic resource for patients 
with severe Covid-19.

Keywords: SARS-CoV-2; Covid-19; Mesenchymal stem cells; 
Immunomodulation; Cell therapy.

Introduction
In 2019, the emergence of a distinct coronavirus 

revolutionized daily life all over the world. Everything 
began at the Huanan Seafood Wholesale Market, 
in Wuhan, China, where many of the staff showed 
clinical symptoms related to a viral airway disease.1 
This illness has not been restricted to China and has 
spread to many other countries, including Brazil, 
in which the first confirmed case occurred in São 
Paulo on February 26, 2020.2 The virus was named 
SARS-CoV-2 (Severe Acute Respiratory Syndrome 
Coronavirus 2) by the International Committee on 
Taxonomy of Viruses and the disease baptized as 
Covid-19 (coronavirus disease 2019) by the World 
Health Organization on January 30, 2020 and assessed 
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as a pandemic on March 11, 2020.1,3 To this date, more 
than 180 million cases and over 3.9 million deaths due 
to Covid-19 have been reported all over the world.1

SARS-CoV-2 is classified as a coronavirus belonging 
to the β-coronavirus genus.3 Among all the members 
of the Coronaviridae family, it is the seventh virus that 
is known to be able to infect humans. Its capacity to 
promote acute respiratory distress syndrome (ARDS) 
causes the virus to be an important concern, since two 
other coronaviruses with this syndrome (SARS-CoV and 
MERS-CoV) have been responsible for epidemics during 
the last two decades.4 

SARS-CoV-2

SARS-CoV-2 is a spherical-enveloped virus, with 
a diameter of 80-120 nm, and a genome composed 
of a positive-sense single-stranded RNA. The latter is 
covered by one of the four major structural proteins: 
the nucleocapsid protein (N). The other three are the 



v. 21, n. 1, jan-jun/2022        55     

Mateus A. Rainho e cols • Stem cell action in patients with Covid-19

spike glycoprotein (S), the envelope protein (E) and the 
membrane protein (M), which are contained within 
the viral envelope.5 The S is a trimeric glycoprotein 
that gives the aspect of a crown to the virus surface. It 
is formed by two subunits: S1, or bulb, and S2, or stalk, 
and plays an important role in infection.

The gateway for the cell entry of SARS-CoV-2 is 
the angiotensin-converting enzyme 2 (ACE2), a protein 
related to the renin-angiotensin system (RAS). This 
transmembrane receptor can be found in many different 
sites, including the respiratory, cardiovascular, urinary 
and digestive organs.6 The S protein mediates viral 
entry, and the protein is processed by a serine protease 
named TMPRSS2, another enzyme that has been shown 
to be crucial to the infection process. The cleavage of 
the S protein exposes the S1 subunit, which contains 
the receptor-binding domain (RBD) that is responsible 
for interacting with ACE2. Meanwhile, the S2 subunit 
allows the fusion of the viral and host cell membranes. 
Replication and translation steps start as soon as the 
viral RNA reaches cytosol, producing new virions that 
are able to infect other cells.5

The human airway is the main entry point for SARS-
CoV-2. Once inside the lungs, the virus primarily infects 
type-II pneumocytes and alveolar macrophages, while 
reaching other organs through the bloodstream after 
some viral cycles.7 The respiratory tract is not only the 
entry point but also the major exit point of the virus. 
Droplets and aerosol exhaled by infected patients are 
the most important means of transmission, followed by 
direct contact with contaminated fomites.8

Covid-19

Since its outbreak, researchers and healthcare pro-
fessionals have been thoroughly studying Covid-19, 
which appears to be a complex disease as new data arise 
over time. Five different clinical conditions of Covid-19 
have been observed: asymptomatic, mild, moderate, 
severe and critical cases. Most patients manifest mild to 
moderate symptoms, which include fever, dry cough, 
sore throat, loss of smell and taste, fatigue and shortness 
of breath. In severe and critical cases, these symptoms 
rapidly evolve to pneumonia and hypoxemia (low 
oxygen saturation), and can develop into ARDS and 
multiple organ dysfunction as a result of an impaired 
immune response, which can be fatal.9 Comorbidities, 
such as cardiovascular diseases and diabetes, enhance 
the risk of the worst outcomes.10

Cell-based therapies

Currently, vaccines are considered as one of the 
few promises for better days. Since February of 2021, 
some of them have already been approved and applied 
worldwide, while others are undergoing clinical trials 
and approval.11 However, vaccination campaigns are 
slow and mortality rates remain high, either due to 
the risk factor associated with age or the appearance of 
new variants of the virus in many different countries. 
Therefore, new therapies, such as cell-based thera-
pies, are essential to provide an adjuvant treatment 
for Covid-19. Over the years, stem cells have been 
widely used as a form of therapy for several acute 
and chronic diseases in experimental models and 
clinical trials. These cells show promise due to their 
ability to promote tissue parenchyma regeneration 
and repair, whether they are embryonic stem cells 
(ESCs), induced pluripotency stem cells (iPSCs), bone 
marrow mononuclear cells (BMMC) or mesenchymal 
stem cells (MSCs).12 ESCs and iPSCs have therapeutic 
potential because of their capacity to differentiate 
into various cell lines, giving hope to patients suffer-
ing from diabetes, Parkinson’s disease, cardiovascular 
disease and liver disease. Currently, iPSCs have been 
used to generate organoids of the liver, stomach, 
kidney, nervous system, thyroid glands and lungs, 
whose potential for expansion at an industrial level 
for translational use is helpful. Organoid applications 
aim to modulate responses from patient-specific drugs 
in tumorigenesis or infectious diseases.13 Nevertheless, 
taking into account ethical, legal and biological lim-
itations, the use of adult stem cells, such as MSCs, is 
more favorable in clinical practice.14

Mesenchymal stem cells

MSCs are a promising tool in cell therapy for treat-
ing many incurable diseases, due to their multipotent 
differentiation, self-renewal, immunoregulation, 
tissue regeneration effects and capacity for inflam-
mation reduction. In addition, MSCs have the ability 
to differentiate into three types of cells: osteoblasts, 
chondroblasts and adipocytes.15 Easily obtainable, 
MSCs can be found in most vascularized tissues, such 
as bone marrow, adipose tissues, umbilical cords, 
fetal livers, fetal lungs, mobilized peripheral blood, 
dental pulp, placentas and even menstrual blood, but 
can also be generated from embryonic stem cells.[16] 
These cells are considered safe, even in an allogeneic 
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environment, and avoid immune responses due to 
their low expression of MHC-I and MHC-II. 

MSCs can act in many different ways within the 
body, using their immunomodulatory, paracrine 
properties, differentiation and antimicrobial poten-
tial.16 They can provide an ideal environment for 
hematopoietic stem cells in the bone marrow by 
releasing some extracellular matrix proteins, such as 
laminin and fibronectin.15

The therapeutic effects of MSCs are mainly 
expressed through growth and survival factors by 
paracrine signaling, such as vascular endothelial 
growth factor (VEGF), hepatocyte growth factor 
(HGF), fibroblast growth factor (FGF), and insulin-like 
growth factor-1 (IGF-1). These promote angiogenesis, 
cell survival and cell proliferation, thereby reducing 
inflammation, apoptosis and fibrosis of injured tissues. 
Furthermore, MSCs can directly inhibit the release of 
pro-inflammatory cytokines, such as tumor necrosis 
factor-alpha (TNF-α) and interferon-gamma (IFN-γ), by 
immunosuppressive responses in innate and adaptive 
immune systems. For example, MSCs can interact with 
Th2 lymphocytes and attenuate NK cell responses by 
inducing the transition of M1 macrophages to M2 an-
ti-inflammatory phenotypes, thereby increasing the 
secretion of anti-inflammatory cytokines, including 
IL-10, IL-12p40.15

Recently, it has been discovered that the immu-
nomodulatory action of MSCs is activated only if 
exposed to a sufficiently high level of pro-inflamma-
tory cytokines and nitric oxide, such as the cytokine 
storm in Covid-19 infection. Therefore, MSCs have 
great antimicrobial potential, whether acting through 
immunomodulation or directly through the expres-
sion of antimicrobial peptides (AMPs).16 MSCs can also 
transfer healthy mitochondria to other cells through 
tunneling nanotubes, thereby improving the anti-in-
flammatory response.15

Extracellular vesicles (EVs) are another mech-
anism of action of MSCs, by acting as mediators 
for intercellular communication, which involves 
carrying biological messengers into injured sites.17 
EVs comprise microvesicles and exosomes, which 
contain transcription factors, growth factors, cyto-
kines, mRNAs, and microRNAs (miRNAs), and are 
responsible for homeostasis, coagulation, angiogen-
esis, inflammation and antiapoptotic effects. EVs are 
nanovesicles measuring 30–150 nm that originate 
from the direct budding of the cell membrane or via 
endosomal secretion. They are composed of cytosolic 

contents and a lipid bilayer similar to their mother 
cell and, therefore, can mimic cell interactions be-
tween the source and the target.18 

Moreover, MSCs and MSC-EVs are considered poten-
tial instruments in therapy due to acting simultaneously 
in crucial mechanisms of tissue damage, mainly through 
tissue remodeling, by modulating inflammatory cells 
and signals, thus enhancing tissue survival, and favoring 
angiogenesis, while presenting a low risk of immuno-
genicity and tumorigenicity.18 Thus, MSCs are suitable 
candidates for cell therapy in Covid-19. 

Pathophisiology of Covid-19 

The main site of SARS-CoV-2 infection is the lungs, 
more specifically the alveoli, through the invasion of 
type 2 pneumocytes, macrophages and ACE2-receptor 
positive cells.7 The lungs of Covid-19 patients develop 
diffuse alveolar damage, intra-alveolar fibrosis, bron-
chopneumonia, and even necrotizing bronchiolitis 
in severe cases.19 The interplay between SARS-CoV-2 
infected cells and resident immune cells, such as macro-
phages and dendritic cells, triggers a cascade of inflam-
matory events, producing cytokines and chemokines 
while stimulating the recruitment of inflammatory 
cells.20 As the epithelial lining is damaged and inflam-
matory infiltration takes place, exudate builds up and 
occupies the air space within the lungs. This process 
also contributes to the thickening of the alveolar wall 
and interstitial fibrosis, culminating in the formation 
of a hyaline membrane that hinders air exchange. 

Covid-19 pathogenesis also affects the circulatory 
component of the lungs. SARS-CoV-2 can directly in-
fect endothelial cells, since these cells express ACE2 re-
ceptors.10 Covid-19 causes more thrombotic disorders 
and endothelial damage than other respiratory virus-
es, such as SARS-CoV, MERS-CoV, and influenza.21 These 
thrombotic microvascular lesions are mediated by an 
intense activation and deposition of complement sys-
tem proteins, such as C5b-9, C4d, and MASP2, within 
the pulmonary septum microvasculature.20 Therefore, 
disturbances in circulation and air exchange result in 
lower O2 distribution throughout the body. 

Notably, SARS-CoV-2 triggers the release of pro-in-
flammatory cytokines, including granulocyte-mac-
rophage colony-stimulating factor (GM-CSF) and 
interleukin-6 (IL-6). GM-CSF stimulates inflammatory 
monocytes and macrophages to produce more IL-6 
and TNF-α. With the progression of Covid-19 patho-
genesis, infected cells and nearby cells are exposed to 
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intracellular components not usually found outside 
the cell, which causes pyroptosis.22 This type of cell 
death leads to inflammasome signaling, starting a 
cascade of IL-1 and the release of other inflamma-
tory factors. This further increases the process of 
inflammation, forming a vicious cycle of continuous 
inflammatory damage.

If the body is unable to limit the damage and 
subsequent inflammation, the condition evolves into 
a cytokine storm, characterized by increased levels of 
circulating inflammatory cytokines (IL-6, IL-8, TNF-α, 
monocyte chemoattractant protein-1 (MCP1), and 
RANTES) and ultimately damages other organs.23 

Since Covid-19 treatment is still deficient, novel 
therapies that might help bed-ridden patients are 
in great need. In this regard, the capacity of MSCs 
to regulate the immune response or improve tissue 
regeneration may be used to control the principal 
components of Covid-19 pathology in severe cases: 
exacerbated inflammation with cytokine storm and 
severe lung damage.

Possible therapeutic targets and 
mechanisms of mesenchymal stem cells 
in Covid-19 

Therapies using MSC are a potentially promising 
alternative strategy for the treatment of Covid-19, since 
when it comes to lung diseases, MSCs can modulate 
the activation and effector function of immune cells 
by suppressing infiltrated cells and reducing edemas.24 
Repair is provided by the property that MSCs have to 
incorporate into traumatized tissue and secrete growth 
factors, RNAs, microRNAs by paracrine/endocrine 
mechanisms, forming a beneficial microenvironment 
that aids in tissue repair.25 However, the available records 
on MSC therapy for Covid-19 are still limited. 

The therapeutic potential of MSCs has been 
demonstrated in other viral respiratory diseases. In 
H9N2 avian influenza-infected mice, MSC therapy 
reduced acute lung injury and inflammation. MSCs 
were capable of increasing the survival rate, decreasing 
lung edemas and histological injury and improving 
gas exchange, as well as reducing alveolar pro-in-
flammatory chemokines and cytokines. In a swine 
model of H1N1, the extracellular vesicles of MSCs 
reduced lung injury by reducing the production of 
pro-inflammatory cytokines, viral shedding and rep-
lication while also decreasing virus-induced apoptosis 
of alveoli epithelial cells.26

However, H1N1-infected mice administered with 
MSCs, although showing a modest reduction of viral 
load and lower thrombocytosis, did not display any 
improvements in survival, histopathology, inflam-
matory profile resolution or prevention.27 Since the 
virus-induced ARDS model is not yet fully established, 
the therapeutic effect of MSCs is still under question 
in certain viral scenarios.

Nonetheless, MSCs have demonstrated many 
possible mechanisms for improving the resolution 
of ARDS through their anti-inflammatory and an-
tiapoptotic effects on host cells. They reduce the 
permeability of the lung alveolar epithelium, increase 
the clearance of alveolar fluid and enhance host 
mononuclear cell phagocytic activity.28 MSCs have 
demonstrated an ability to restore alveolar fluid 
clearance in ex vivo perfused human lungs. They have 
also improved epithelial integrity and regulation 
by transferring healthy mitochondria to epithelial 
cells, reducing oxidative damage and apoptosis, thus 
increasing survival in mice.29

Direct mitochondrial transfer can also modulate 
immune response by favoring Treg cell phenotype, 
which restricts inflammatory responses or the pro-
duction of macrophages, thereby increasing phago-
cytosis.30

MSCs can modulate inflammation and protect the 
endothelial tissue of the lung.31 MSCs secrete VEGF, 
which promotes angiogenesis, and HGF, which sta-
bilizes the endothelial barrier function by restoring 
pulmonary capillary permeability. This proangiogen-
ic signaling inhibits pulmonary vascular endothelial 
cell apoptosis.32 In ex vivo human lungs, MSCs reduced 
endothelial permeability and protected against in-
flammatory disruption of barrier function, thereby 
restoring alveolar fluid clearance in the LPS-ARDS 
model.31

Thus, we can speculate that MSC therapy could 
modulate inflammation, by regulating the permeabil-
ity of both endothelial and epithelial barriers during 
Covid-19 and preventing dysfunction. 

Covid-19 multi-organ damage and 
potential mesenchymal stem cells therapy

Besides the classical and expected symptoms in 
virus-induced pneumonia, such as hypoxemia and 
ARDS, Covid-19 has proven to be more than a respira-
tory disease, causing symptoms in a variety of organs. 
If the cytokine storm persists, it may progress to mul-
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tiple organ dysfunction syndrome,9 affecting renal, 
cardiovascular, nervous, and gastrointestinal systems, 
which have high expression of ACE2 receptors.6

Severe Covid-19 seems to trigger myocarditis-like 
disorders, causing chest pressure and displaying in-
creased protein levels of cardiac troponin, myoglobin, 
creatine kinase and NT-proBNP. Myocardial injury 
occurs in ~25% of Covid-19 hospitalized patients 
and is associated with a greater need for mechanical 
ventilator support and higher hospital mortality.33 
Therapeutic effects of MSCs in cardiac tissue have 
been reported.31 In a model of mouse myocarditis by 
Coxsackievirus B3, MSCs exhibited a cardioprotective 
role in the recovery of myocardial contractility and fi-
brosis by the activation of resident cardiac stem cells.34

Covid-19 can also promote acute renal injury.4 
SARS-CoV-2 can infect renal cells, since viral particles 
are found near ACE-2 expressing cells, such as renal 
tubular epithelium and glomerular capillaries.4,35 MSCs 
have been shown to improve renal injury by reducing 
tubulointerstitial fibrosis and TGF-β, which plays a 
key role in fibrogenesis.36 In addition, MSCs also have 
the ability to promote anti-inflammatory effects at 
long distances. Even though intravenously infused 
MSCs are retained in the lungs, evidence has shown 
that a combination of exosomes with soluble factors 
secreted by MSCs contributes to anti-inflammatory 
response and the regeneration of renal tissues. 

Moreover, MSCs can be beneficial even in indirect 
Covid-19 injuries. In a ventilator-induced lung injury, 
MSCs or even MSC-conditioned media decreased 
bronchoalveolar liquid concentrations of cytokines 
and inflammatory cells.37

Therefore, Covid-19 can generate an immune 
system overreaction causing a cytokine storm fol-
lowed by edemas, inefficient gas exchange, ARDS, 
cardiac and renal impairments and possibly allowing 
secondary infections. Since the resolution of Covid-19 
is mainly dependent on the function of patients’ 
immune systems, avoiding cytokine overproduction 
is decisive in the recovery of patients with Covid-19. 
MSCs can play a crucial role, by minimizing the 
symptoms of Covid-19 and giving a chance for the 
patient’s immune system to react against the virus 
and promote pulmonary regeneration.

Future challenges and perspectives

Since the outbreak of Covid-19 in early 2020, 
numerous studies have been made with the aim of 

developing new therapeutic interventions to control 
the disease and its possible impacts on the population. 
MSCs are a major cornerstone in the advancement of 
cell therapy, presenting positive results in multiple dis-
ease clinical trials, such as virus-induced ARDS.34 The 
applicability of MSCs is not restricted to utilizing only 
the cells themselves, but also extends to MSC-derived 
products, such as the secretome and EVs, opening one 
more possibility in the future.17,18 Their therapeutic 
action is probably attributable to their broad range 
of anti-inflammatory and regenerative effects, which 
help to heal damaged tissue.38 Most importantly, MSCs 
do not express ACE2 and TMPRSS2 since they are not 
conducive to SARS-CoV-2 infection, which supports 
the safety of MSCs as a plausible therapy.39

It is also relevant to consider aspects that will reflect 
on the effectiveness of MSC therapy for Covid-19. For 
example, the donor tissue source of MSCs, which con-
stitutes the MSCs’ microenvironment and modulates 
their behavior and capacity, can greatly affect their ther-
apeutic potential. Metabolic diseases, such as obesity and 
diabetes mellitus, also have an influence on the behavior 
of MSCs and compromise their therapeutic efficacy.40 
Therefore, exploratory studies that seek to maintain 
the phenotype and potential of MSCs are necessary for 
clinical practice, to understand better how the clinical 
conditions of MSC donors influence the viability and 
therapeutic capacity of this treatment.  

Moreover, the timing and dosage of MSCs for 
Covid-19 are still in question, since defining the optimal 
stage of Covid-19 at which the cells present the most 
benefit to the patient must still be clarified. Also, with 
the emergence of long Covid patients who suffer from 
Covid-related symptoms over an extended period of 
time even after the resolution of the acute infection, 
interest in the antifibrotic and regenerative potential of 
MSCs will increase. Standardized protocols are needed 
to further investigate and validate this therapeutic 
approach in order to enhance the applicability of MSCs 
in the treatment of Covid-19 disease.
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Abstract
Introduction: Acquired immunodeficiency syndrome (AIDS) 
is an infectious contagious disease produced by the human 
immunodeficiency virus (HIV) that causes progressive immu-
nosuppression, making individuals susceptible to infections 
and opportunistic diseases. Despite its benefits, antiretroviral 
therapy has side effects, such as insulin resistance, dyslipid-
emia, high blood pressure and increased risk of cardiovascu-
lar disease. Objective: The aim of this study was to identify 
metabolic alterations in elderly patients with AIDS who use 
antiretroviral therapy (ART). Methods: The study consisted 
of a retrospective bibliographic review, including indexed 
articles published over the last 10 years, written in Portuguese 
and English, which evaluated changes in nutritional status 
and metabolic changes in HIV-positive patients who used 
ART. Results: According to the Brazilian Ministry of Health, 
the number of people over 65 with HIV grew by 103% in the 
last decade. The HIV virus has a long incubation period before 
the onset of the first symptoms of the disease, which results in 
AIDS. Dyslipidemia affects approximately 70% of HIV-infected 
patients who use ART, and occurs due to an increase in serum 
cholesterol, triglycerides and/or a reduction in HDL-choles-
terol. Conclusion: The WHO recommends that nutritional 
interventions form part of HIV/AIDS control and treatment 
programs since they improve treatment adherence and ART 
effectiveness. In this context, a healthy diet that is adequate 
for the needs of the individual contributes to increased levels 
of CD4 T lymphocytes and reduces the harm caused by oppor-
tunistic infections, while improving intestinal absorption, as 
well as decreasing muscle loss and lipodystrophy syndrome, 
whose symptoms can significantly reduce the survival rates 
of patients.

Keywords: HIV; AIDS; ART; Lipodystrophy syndrome (LS); 
Dyslipidemia; Insulin resistance.

Introduction

Acquired immunodeficiency syndrome (AIDS) is 
an infectious contagious disease caused by the human 
immunodeficiency virus (HIV) that causes progressive 
immunosuppression, which makes individuals 
vulnerable to infections and opportunistic diseases. 
Clinical treatment is usually based on drugs, which 
can cause numerous side effects. Clinically, the disease 
manifests itself in a sequence of stages: acute infection, 
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asymptomatic or clinical latency phase, then the early 
or early symptomatic phase and, finally, AIDS, which 
is the final stage of infection by the HIV virus.1

Malnutrition, due to metabolic changes caused by 
the virus, is one of the main side effects evident in these 
patients. In addition, antiretroviral treatment (ART) 
leads individuals with the human immunodeficiency 
virus (HIV) to develop metabolic changes resulting 
from the use of this treatment to fight the HIV virus.2

In 2005, HIV infection affected 42 million people 
all over the world. Latin America accounted for about 
1.8 million of these, and Brazil was the most affected 
country, with about 1.2 million infected inhabitants, 
of which 257,780 had AIDS. The latest data presented 
by the Joint United Nations Program on HIV (UNAIDS), 
in 2008, showed an increase in the number of people 
infected in Latin America and Brazil.3 More recent data 
from the Brazilian Ministry of Health (2017) found that 
the number of people over 65 of age with HIV rose by 
103% in the last 10 years.

During the last decade, the introduction of ART 
in the treatment of HIV has been found to improve 
the condition of terminally ill patients, restore the 
immune system and reduce the number of deaths, 
while increasing the survival and quality of life of 
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patients infected by the virus. However, this therapy 
has also caused metabolic events characterized by 
dyslipidemia, lipodystrophy syndrome (LS), insulin 
resistance/glucose intolerance, and systemic arterial 
hypertension.4,5

As a result of the increased survival rate of patients 
using the treatment, the most current phenomenon 
of HIV is the emergence of a new vulnerable 
population: senior citizens. According to law 
n°10.741 of 1 October, 2003, this group is constituted 
by individuals aged over 60 years.6 However, ART 
can cause metabolic alterations, which constitute 
risk factors for cardiovascular disease (CVD), with a 
probable association caused by HIV infection, and 
also due to the impact of the treatment on glucose 
and lipid metabolisms.7

Studies report that some patients presented LS with 
the use of ART, which is a worrisome problem resulting 
from treatments to combat the HIV virus. SL is a side 
effect, characterized by the redistribution of body 
fat. The typical manifestations of LS are represented 
by lipoatrophy (reduction of fat in peripheral 
regions); lipohypertrophy (accumulation of fat in the 
abdominal region, breasts and dorsocervical region); 
or a mixture of both.2,8

These nutritional and metabolic changes in 
patients with HIV should be minimized through 
adequate drug therapy and dietary intervention in 
order to control eventual changes caused in these 
patients.9

In this context, this study aims to assess nutritional 
and metabolic changes in elderly patients who use ART 
and how dietary intervention in these individuals can 
directly interfere in the improvement of the altered 
biochemical picture, especially in cases exhibiting 
mixed dyslipidemia and insulin resistance.7

Materials and methods

This study consists of a retrospective bibliographic 
review, covering indexed articles written in Portuguese 
and English, published over the last 10 years, which 
evaluated changes in nutritional status and metabolic 
changes in HIV-positive patients who use ART.

A systematic literature review technique was 
used for data collection, in which articles indexed in 
the Scielo and Pubmed databases, published between 
2007 and 2017, were searched, listing the scientific 
production by year and subsequently choosing the 
most relevant publications on the subject. To find 

articles of interest, the following descriptors were used: 
AIDS, HIV, AIDS, nutritional assessment, malnutrition, 
lipodystrophy, dyslipidemia and metabolic alterations.

Literatura review

 HIV epidemiology

The incidence of HIV in the Brazilian population 
over 50 years old increased from 3.6 to 7.1 per 100,000 
inhabitants between 1996 and 2006, representing a 50% 
increase  of new cases. The disease in this specific group 
has particular epidemiological relevance due to its high 
incidence, prevalence and lethality rates.

Of the HIV cases reported since the beginning of 
the epidemic in people over 50 years old, 29,393 (62%) 
were registered from 2001 to June 2008, suggesting 
underreporting before the year 2000. In this group, 37% 
were women and 63% were men. The HIV rate among 
seniors in Brazil is now higher than that of adolescents 
aged between 15 and 19 years.10

Epidemiologists estimate that persons newly 
diagnosed with HIV infection who are involved with 
and maintained using ART have a life expectancy of 20 
years, thus allowing them to lead a normal or almost 
normal life, which permits those infected to reach an 
older age.11

The literature emphasizes knowledge about HIV in 
young individuals and health professionals; however, 
information related to HIV among seniors is lacking.12

The increase in the number of HIV cases among 
seniors has been associated with the aging of the 
Brazilian population, the increased survival of 
people living with HIV and access to medication for 
erectile disorders, a factor that has prolonged sexual 
activity among seniors, in combination with the 
demystification of sex in old age. The experience of 
sexuality has made the elderly more vulnerable to 
sexually transmitted diseases (STD), contributing to a 
higher incidence of these diseases in individuals over 
50 years old.10

Due to lack of information, studies in this area must 
be developed, since knowledge is important both to 
promote the reduction of prejudice against HIV carriers 
and to introduce prevention measures.12

Social and economic factors

The relationship between both economic and 
social impacts on HIV patients is closely linked to costs 
and the issue of education, which is the main means 
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for the assimilation of information and adherence to 
information campaigns.13

According to Okuno et al. (2014), low income exerts 
a negative influence on the quality of life of elderly 
people with HIV who received a minimum wage or 
less. Quality of life is a multifaceted issue, as mentioned 
above, and is related to economic issues, lifestyle, health 
condition, housing, among others. In addition, a high 
level of education has been associated with higher 
quality of life and longevity scores.14

Another important factor is the mental state of 
patients with HIV, which can interfere with their 
nutritional issues.15 It is necessary to understand the 
clinical, economic and psychosocial history in which 
patients are inserted in order to design a therapeutic 
plan compatible with their lifestyle, which respects 
their food preferences, aversions and the relationship 
between food and the ART used.

Physiological changes related to aging

Although aging is a normal process inherent to 
human beings, this process promotes physiological 
changes. These modifications can progress differently 
in each individual and depend on factors such as 
genetics, diseases, socioeconomic status and lifestyle. 
In the aging process, changes in the body composition 
of these individuals are common. These modifications 
are characterized by an increase in fat mass and 
visceral fat and a reduction in lean mass. In many cases, 
malnutrition is prevalent.[16] In addition, sarcopenia 
can be found, which is characterized by a reduction in 
muscle mass, strength and function, thus contributing 
to a worsening in the quality of life of the elderly and 
possibly increasing the risk of falls.15

Another very important change is related to 
taste and smell. Sensory losses are closely related to a 
declining appetite and reduced nutrient intake. The 
changes can be due to aging itself, but in some cases 
are the consequence of the use of medications and 
pathologies. Because of this, many seniors can overdo 
spices, especially those with added salt, causing a 
negative effect on health.15

Hearing loss affects 25 to 40% of elderly Americans, 
mainly due to presbycusis, although it can also be 
caused by the cumulative effect of sounds throughout 
life, such as construction work, exposure to music 
and noises, among others. Vision changes, such as age-
related macular degeneration, glaucoma and cataracts, 
promote poor vision that interferes with shopping, 
cooking and eating.15

Very frequent changes that can compromise the 
nutritional status of elderly patients occur due to the 
absence of teeth, the presence of dentures and the 
occurrence of dry mouth, which can can impair the 
chewing and swallowing of certain foods, such as 
fruits, vegetables and vegetables and, as a consequence, 
worsen digestion.16 This exacerbates the condition of 
hypochlorhydria (insufficient acid production) that is 
already expected in these patients. In addition to these 
changes in the gastrointestinal tract, one should also 
mention constipation, which is quite frequent in the 
elderly population as a result of reduced fluid intake, 
medication, low fiber intake and physical inactivity.15

Assessment methods and nutritional screening 
of elderly patients

Several simple and easy-to-apply tools for nutri-
tional screening are available in the literature, inclding 
NRS (Nutritional Risk Screening) 2002, MNA SF (Mini 
Nutritional Assessment Short Form),17 MUST (Universal 
Malnutrition Screening Tool) and NRS (Nutritional 
Risk Score). These are sensitive to nutritional risk and 
the nutritional profile of the patient.

On the other hand, the nutritional screening of 
elderly patients can lose sensitivity to the physical 
and metabolic changes that occur in the aging process. 
These include height, in which the individual may 
have problems with the spine, inability to stand 
upright and being bedridden, as well as the replacement 
of muscle by fatty fat.15

Therefore, it is important to choose the best 
screening method for the profile of the elderly person 
who will be evaluated, taking into account the 
limitations and the method with the best sensitivity 
for that patient. For example, the MNA-SF includes 
the alternative of using the circumference of the 
calf, which is a sensitive measure of muscle mass in 
the elderly.17

Malnutrition in elderly patients with HIV

The HIV virus is characterized by a long period of 
incubation before the onset of the first symptoms of 
the disease, which results in AIDS.18

HIV-infected individuals also present other com-
plications, such as cardiorespiratory, anthropometric 
(wasting syndrome), muscle (muscle wasting- sarcope-
nia) and psychiatric (depression) diseases, which may be 
associated with the worsening of their clinical condition 
and cause a decrease in their functional independence. 
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It must be borne in mind that sarcopenia is a predictor 
of morbidity and mortality, since it promotes a decrease 
in muscle strength, making individuals physically de-
bilitated and thus contributing to the progression of 
HIV infection.19

Although ART is associated with an improvement 
in the quality of life of HIV patients, it is also linked to 
cardiovascular events, since there has been a frequent  
increase in the number of cases of coronary events 
related to increased survival of these patients and to 
the toxicity of therapy. The use of ART and protease 
inhibitors has been connected with dyslipidemia, 
insulin resistance and diabetes mellitus, which are risk 
factors for the development of cardiovascular diseases.7

The gastrointestinal tract (GIT) is one of the areas 
most susceptible to damage in these patients, especially 
in the part that integrates the immune tissue. The 
nutritional status of HIV/AIDS patients becomes a 
concern, due to reduced appetite and insufficient 
energy intake associated with increased energy 
expenditure at rest. Weight loss typically occurs in 
95 to 100% of AIDS patients. In addition, most have 
nausea, bloating and vomiting, which further impair 
their nutritional status.20

A significant minority also reports diarrhea and oral 
moniliasis, in which the appearance of gastrointestinal 
symptoms, mainly due to opportunistic diseases, is 
cause for frequent hospitalization. This makes the 
immediate nutritional assessment of hospitalized 
patients essential to diagnose the risks of malnutrition 
and the presence of gastrointestinal symptoms that 
directly interfere with their nutritional status.20

The literature has indicated that food supple-
mentation in HIV-positive individuals, especially 
males, whether or not they use use a protease inhibitor 
(PI), preferentially promotes the gain of fat mass at the 
expense of lean mass, probably as a result of a marginal 
testosterone deficiency observed in such patients.21

Nutritional interventions are important to 
control the progression of metabolic syndromes that 
affect patients with HIV/AIDS. Since nutritional risk 
is a predominant factor in these patients, continuous 
nutritional assessment and periodic biochemical 
tests become relevant to identify and set goals for the 
avoidance of possible nutritional deficiencies. This 
helps nutritionists to define the exact moment to start 
providing supplements to the HIV-positive patient and 
thereby minimizes and reverses possible nutritional 
damage caused by the side effects of ART.22

Most common micronutrient deficiencies in 
elderly HIV patients

Nutritional deficiencies are common in these 
patients, many of which are closely related to 
the immune function. Many of these deficiencies 
are caused by gastrointestinal changes, such as 
malabsorption, drug-nutrient interactions and changes 
in the intestinal barrier. Some nutrients that may 
occur in lower concentration in the body are vitamin 
A, zinc, selenium and vitamin D. Reduced levels of 
these nutrients are associated with faster progression 
of the disease. While data on these deficiencies exist, 
uncertainty still prevails as to whether this is in fact a 
deficiency or an acute response to the virus. Therefore, 
attention must be paid to the supplementation of 
multivitamins.23

Diet therapy for the elderly and/or adult pa-
tients with HIV

The WHO recommends that nutritional 
interventions be included in all HIV control and 
treatment programs since, in addition to improving 
adherence to treatment, they make ART therapy more 
effective, as well as contribute to the improvement of 
metabolic abnormalities. According to the Brazilian 
Ministry of Health, healthy and adequate food for 
the needs of each individual contributes to increased 
levels of CD4 T lymphocytes and reduces harm caused 
by opportunistic infections, as well as improving 
intestinal absorption, muscle loss, and SL.24

According to a study on the importance of 
nutrition in adults with HIV, the association of drug 
therapies with nutrition favors their health status and 
reduces the mortality rate. However, despite the use of 
(medicament-nutrition) treatment to bring benefits 
to people with HIV, the patient’s body continually 
develops viral resistance, which impairs the action of 
the medication.24

Furthermore, studies have shown a close link 
between adequate nutrition and the strengthening of 
the immune system, which improve the nutritional 
status of the patientas well as achieve more favorable 
results in the treatment.25

In this context, diet therapy works mainly with 
the objective of: protecting muscle mass, which 
reduces the chances of developing malnutrition; 
recovering or maintaining nutritional status; 
providing adequate amounts of nutrients; and 
reducing the complications, opportunistic infections 
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and side effects of ART that may interfere with 
nutrient intake and absorption.24

In other words, the role of nutrition education 
should be to lead patients to adopt healthy eating 
habits, related to quality, quantity, harmony and 
nutritional adequacy, and to improve the quality of 
life of these individuals, who should be made aware 
of the importance of nutrition in the context of the 
disease.24

Furthermore, recent studies demonstrate that 
the adoption of a Mediterranean dietary pattern 
(characterized mainly by the intake of plant foods, 
such as whole grains, fruits, vegetables, legumes and 
olive oil; a moderate intake of fish and dairy products; 
and a low intake of red meat, saturated fats and sweets) 
has been associated with decreased mortality, as well as 
with improved health conditions and cardiovascular 
risk factors associated with aging. Increased blood 
triglyceride levels have been observed especially 
among individuals with HIV treated with ART 
containing a protease inhibitor (PI). Such increases can 
be observed a few weeks after the start of treatment. 
And supplementation with omega-3 fatty acids has 
been shown to be effective in reducing drug-induced 
elevated triglyceride levels.26

In the case of interventions aimed at dyslipidemia, 
the presence of symptoms, the clinical picture, the 
type and duration of use of nutritional therapy, in 
addition to the presence of cardiovascular risk factors, 
are fundamental conditions for monitoring and 
nutritional treatment aimed at this guy.24

The Brazilian Ministry of Health states that a 
healthy diet, adequate for the individual needs of each 
patient, contributes to an increase in the levels of CD4 T 
lymphocytes, improves intestinal absorption, reduces 
the problems caused by diarrhea, improves muscle 
wasting, SL, and all other symptoms that, in one way 
or another, can be minimized or reversed through 
a balanced diet. In this context, proper nutritional 
guidance is extremely important as an integral part of 
the treatment of HIV-positive patients who use ART.26

Insulin resistance in elderly patients with AIDS

Insulin resistance (IR) can be caused by weight gain, 
changes in the distribution of body fat and the use of 
retroviral protease inhibitors.5

In this context, IR, glucose intolerance and type 2 
diabetes mellitus (DM2) show significant increases in 
seropositive patients after the introduction of ART. 
Furthermore, the clinical picture of DM2 and IR has 

been reported in 3% to 17% of those who receive 
the treatment, as a function of alterations in glucose 
homeostasis.7

The clarification of the factors involved in the 
process of alterations in glucose homeostasis, especially 
insulin resistance, still remains a major challenge 
for improving the quality of life of patients. Among 
users of protease inhibitors, an increased occurrence 
of insulin resistance has been observed without the 
development of diabetes mellitus.7

Hyperglycemia in patients using ART has a 
prevalence of 46% to 54%, and is caused by selective 
inhibition of the GLUT-4 receptor. This leads to loss of 
sensitivity to insulin from the major glucose transporter 
present in skeletal muscle, liver and adipocytes, and 
causes IR. When not treated correctly and quickly, this 
can lead to the development of diabetes mellitus. Thus, 
it is essential to identify those who have this metabolic 
change, and start treatment immediately.27

Dyslipidemia in elderly patients with AIDS

Dyslipidemia associated with ART is characterized 
by an increase in the levels of VLDL (greater triglyceride 
transporter), LDL, lipoprotein (a) and a reduction in 
HDL. In individuals without HIV, the accumulation of 
these substances in the plasma is associated with the 
development of atherosclerosis and its complications, 
such as myocardial infarction and peripheral vascular 
disease.

It has not yet been established whether dyslipidemia 
is a direct effect of ART or a result of the interaction 
of several elements, such as antiretroviral treatment, 
genetic predisposition, environmental factors (such 
as diet and exercise), or other factors, such as the host’s 
response to infection by HIV.7

Insulin resistance increases the release of free 
fatty acids, while in the liver it determines a lower 
suppression of VLDL synthesis. This results in an excess 
of large, triglyceride-rich VLDL particles which, in 
turn, generate a cascade of switch events that result in 
a reduction in HDL cholesterol levels.7

The mechanisms that lead to these changes are not 
yet fully understood, but some hypotheses have been 
raised. One of these is that lipid complications arise 
or are aggravated as a result of ART, which leads to an 
increase of lipids in the bloodstream and a reduction 
in the peripheral storage of these molecules. When 
accumulated in the plasma and associated with the 
arterial inflammation itself resulting from the infection 
by the HIV, these lipids  may clog arteries and facilitate 
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the formation of fatty plaques, which can lead to the 
development of CVD.28

Two main hypotheses have been raised about the 
mechanisms of interference in the lipid metabolism. 
The first would be the similarity between the viral 
active site where the binding of protease inhibitors 
(PI) occurs, leading to an increase in triglycerides and 
the freeing of fatty acids , combined with a reduction 
in plasma hydrolysis and uptake of triglycerides by 
the liver. The second hypothesis would be a proposed 
mechanism that would lead to dyslipidemia, due to the 
competition between PI and remnant chylomicrons 
(QR) by liver receptors, which prevent the removal 
of QR from the plasma and result in an increase in 
circulating triglycerides.28

Conclusion

The present review study shows that, despite 
the high importance of the use of antiretroviral 

treatment by HIV-positive patients, which lead to 
increased survival rates and higher quality of life for 
these patients, antiretroviral therapy has a significant 
pathophysiological impact on patients undergoing 
treatment. The relationship between the type and 
duration of therapy used, more common in elderly 
patients, can lead to metabolic syndrome resulting 
from the use of these drugs, and cause the development 
of DM2 and CVD.

This treatment highlights the importance of 
the intervention of nutritionists, who should direct 
patients towards an adequate food intake, significantly 
intervening in the metabolic changes caused by the use 
of therapy. Nutritional therapy plays a fundamental 
role in the recovery of these patients by conserving 
muscle mass and reducing the risk of malnutrition 
and opportunistic diseases. Nutritional guidance and 
consequent healthy eating habits alleviate the organic 
changes caused by the use of ART and improve the 
quality of life of patients with HIV.
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Abstract
Introduction: Eating disorders can cause numerous problems 
for the physiology of the female body and consequences, such 
as infertility and difficulties during pregnancy and childbirth, 
can occur if they are present during a woman’s reproductive 
age. Objective: The objective of this research was to analyze 
the impacts for mother and child that may be somehow 
related to the nutritional deficiency, whether active or not, 
of these women. Methodology: The methodology used was 
a bibliographic survey in the platforms PubMed, BIREME, 
SCIELO, using combinations of the following keywords in 
English: Eating Disorder AND Pregnancy, Anorexia, Bulimia. 
Result: According to the studies analyzed, the existence of 
some type of eating disorder, whether active or not, had a 
negative impact on the pregnancies of these women. Miscar-
riages, stillborn babies, premature birth, premature placental 
displacement, small newborn gestational age, umbilical cord 
knots and even neurological deficits could occur. Discussion: 
Low body mass index (BMI) was one of the main subjects of 
discussion in the studies, since it can increase the risk of preg-
nancy because the mother’s nutrients are crucial for a healthy 
gestation. Conclusion: it was concluded that medical, nutri-
tional and psychological follow-up are essential for women 
with eating disorders, regardless of type, to be able to have a 
safe pregnancy for themselves and their babies..

Keywords: Eating disorders; Mother-child impacts; Nervous 
bulimia; Anorexia nervosa; Gestational complications.

Introduction

The standard of beauty is something that has been 
imposed by society, and this pressure has increased 
more and more over the years. It is mainly a result of 
social networks, in which many exalt a body and an 
appearance that, in most cases, are not even real. This 
can result in high demands and low self-esteem on the 
part of those involved.1-3

This combination of psychological, genetic, so-
cial and behavioral factors, both among females and 
males, results in eating disorders (EDs). Due to an over-
estimation of thinness and an extreme fear of gaining 
weight, the result is drastic forms of compensations, 
such as restrictive diets, excessive exercise, purgative 
means and even eating compulsions.1,3-4
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Among the most common EDs, Anorexia Nervosa 
(AN) has the highest mortality rates when compared 
to other disorders, with a prevalence ranging from 
0.5% to 3.7%, according to data compiled by Pizon 
& Nogueira.5

Characterized by a distortion of the perception of 
body image and an obsession with control over the 
amount and type of food that will be ingested, as well 
as, in many cases, meals that are not even eaten, AN 
can easily lead individuals to severe malnutrition, hor-
monal dysregulation, loss of lean body mass, anemia 
and the growth of fine protective hairs throughout 
the body, called lanugo. According to data from the 
Ambulatory of Bulimia and Eating Disorders (AMBU-
LIM), between 0.5% and 4% of women are likely to 
have anorexia nervosa at some point in their lives.1

 Another type of eating disorder is Bulimia Ner-
vosa (BN), which is characterized by episodes of binge 
eating, followed by remorse, and efforts to get rid of in-
gested calories by inducing vomiting, using laxatives, 
engaging in extreme physical exercise and following 
highly restrictive diets. Like AN, BN can also be asso-
ciated with mortality, with prevalence rates ranging 
from 1.1% to 4.2%, according to Pizon & Nogueira.5 
Among its most common consequences are the ap-
pearance of sensitivity in the teeth, inflammation in 
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the throat, esophagus and gastrointestinal problems, 
mainly caused by the stimulation of vomiting.1,6-7

In addition, eating disorders can also be classified 
as unspecified eating disorders, characterized by cases 
of chronic EDs, which can easily vary between the 
subtypes mentioned above. They are characterized by 
numerous functional disorders in women’s bodies, such 
as weight gain or loss, feelings of inadequacy, sexual 
dysfunction, menstrual dysregulation and/or nullifica-
tion, low bone mineral density, and even infertility.8-10

Moreover, when pregnancy eventually occurs, 
a low body mass index (BMI) can trigger obstetric 
complications in both the mother and the baby, 
because women who have some type of eating dis-
order must gain weight during pregnancy, which is a 
big challenge. Data show that pregnant women with 
EDs have increased intrapartum and postpartum 
risks, since these conditions favor bleeding, congen-
ital malformation, intrauterine growth restriction 
(IUGR), miscarriage, premature birth, small newborn 
gestational age (SGA) and microcephaly, increased 
likelihood of infections, hypoglycemia, hypothermia, 
adverse neurological effects and even the death of 
both mother and child.1,11-15

According to studies, pregnant women with 
AN had a 60% increased risk of preterm birth when 
compared with pregnant women who had never been 
exposed to the disorder. Pregnant women with BN 
faced a greater probability of induced abortion, and 
pregnant women with eating disorders not otherwise 
specified (EDNOS) had a 70% increased risk of preterm 
birth.6,3,10

Research on the future consequences for children 
of mothers who had some contact with an eating dis-
order showed that the social and psychological factors 
affecting these children included difficulties in emo-
tional functioning, such that these mothers perceived 
that their children to have a difficult temperament 
when compared to the offspring of healthy women. 
According to these studies, the EDs of these women 
caused impairment of the development of children’s 
speech, cognitive and motor capacity, as well as im-
pacts even on the eating behaviors of the children.16-21

Based on the studies examined, we highlight the 
importance of recognizing eating disorders before a 
possible pregnancy, in order to avoid the resulting 
complications from the beginning of pregnancy 
through to the development of these children.

The objective of this study is to analyze the 
impacts of Eating Disorders (EDs) on women in the 
gestational period.

Objectives

To analyze the impacts generated, both on mothers 
and their children, by Eating Disorders (EDs) on women 
during the gestational period.

Methodology

This study is a narrative/critical review of the litera-
ture evaluating bibliographies about the consequences 
for the mother and the fetus, in the case of women 
with past or active eating disorders. The articles for the 
research were duly selected on the platforms National 
Library of Medicine (PubMed) and the Latin American 
and Caribbean Center for Information on Health Scienc-
es (BIREME), published between 2004 and 2020, using 
the following combinations of keywords to generate 
results: Eating Disorder AND Pregnancy; Anorexia Ner-
vosa; Nervous bulimia; Types of Eating Disorder.

The articles selected (Table 1) were those that 
presented data from a resulting problem, in which 
comparisons of these impacts were highlighted be-
tween women who had eating disorders and those 
who never had any type of EDs.

Results

As a result, we obtained 618 articles on the BIREME 
platform and 1,554 on the PubMed platform, which, 
after filtering by year of publication and text format, 
resulted in 574 articles. The authors read titles and ab-
stracts in order to exclude articles that did not match 
the objective of this study, resulting in the selection of 
a total of 30 articles.

We observed that the study by Lai and colleagues.22 
in the prenatal period (T1), showed that the majority 
(58%) of the women studied were primiparous. Partic-
ipants were pregnant from 6 weeks to 40 weeks: 10% 
in the first trimester, 18% in the second trimester, and 
72% in the third trimester. In terms of their history of 
pregnancy, 20% had a history of miscarriage, 18% had 
a miscarriage, 1% had a stillbirth, while 62% reported 
none of the aforementioned experiences. For the ba-
bies’ conditions at birth, 6% were premature and 2% 
were born with low birth weight. Approximately 81% 
of the participants had their births assisted by both 
midwives and relatives.

The study by Sollid and colleagues15 analyzed 302 
women with a total of 504 children who were hospital-
ized with disorders before pregnancy and later followed 
up. The control group consisted of 900 women who had 
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Reference Place Study Design Objetives

Lai et al.,22 Hong Kong Population-based study

Exploring the prevalence 
and social factors of eating 

disorders among Chinese new 
mothers in Hong Kong.

Sollid et al.,15 Denmark Population-based study

To determine the association 
of an eating disorder that was 
diagnosed before pregnancy 
and preterm delivery and/or 

delivery of a low birth weight or 
small-for-gestational-age baby.

Aaron et al.,23 Missouri, USA Missouri maternity cohort 
study (years 1989-1997)

Determine whether there is a 
relationship between pre-preg-
nancy and BMI with placental 

abruption.

Linna et al.,14 Helsinki, Finland Population-based study
To evaluate how eating disor-
ders are related to reproduc-

tive health outcomes.

Micali et al.,24 Denmark Population-based longitudinal 
cohort study

Investigate whether eating 
disorders are associated with 
smaller birth size, symmet-
rical growth restriction, and 

preterm birth.

Watson et al.,25 Norway Study MoBa, by the Norwegian 
Institute for Public Health 

Determining whether maternal 
nutrition increases risk after 
analyzing the contribution of 
family transmission of perina-

tal diseases and events.

Barona et al.,20 United Kingdom Longitudinal prospective study

To investigate neurobehavio-
ral regulation and cognitive 

development in newborns and 
babies of mothers with EDs.

Eik-Nes et al.,26 Norway Population-based study
Identify associations between 
lifetime EDs and obstetric 

outcomes.

Chan et al.,27 China Prospective longitudinal study 
with a quantitative approach

To determine the prevalence 
and levels of eating disorders 
in the perinatal period, and 
to identify risk factors and 
adverse outcomes of eating 
disorders during pregnancy.

Mantel et al.,3 Sweden Population-based cohort study

To investigate the relative risk 
of adverse pregnancy and ne-
onatal outcomes for women 

with eating disorders.

Table 1. Authors, year of publication, study design and objectives found in the articles used as a review for the study

Source: The authors (2022).

never had any type of eating disorder and who had 1552 
children altogether. The study found that children of 
pregnant women with disorders were twice as likely to 

be born underweight compared to the control group. 
In addition, pregnant women with disorders also ran 
a higher risk of having premature births, and the prob-
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ability of their babies being born small for gestational 
age increased from 70% to 80%.

The study by Aaron and colleagues23 analyzed 
439,235 women, of which 58,222 (13.3%) were under-
weight and 381,013 (86.7%) had normal weight. This 
work showed that underweight mothers had a 40% 
higher probability of placental abruption. The perinatal 
risks analyzed included low birth weight, morbidities 
related to preterm birth, neurological deficits and fetal 
death. However, there was a trend towards a decreased 
risk of placental abruption in those women who gained 
weight during pregnancy.

In Finland, Linna and colleagues14 evaluated possible 
relations between eating disorders and reproductive 
health. They therefore studied a population base of 
women with Anorexia Nervosa (N=5,502), Atypical 
Anorexia Nervosa (N=5,365), Bulimia Nervosa (N=5,786), 
Atypical Bulimia Nervosa (N=5,445) and Binge Eating 
Disorder (N=5,149). In the prenatal period, the researchers 
noted an increased number of spontaneous and induced 
abortions in cases of Anorexia Nervosa (AN) and Bulimia 
Nervosa (BN). In relation to women with Binge Eating 
Disorder (BED), which was often accompanied by obesi-
ty, the study observed an association with an increased 
risk of miscarriage and an increased risk of stillbirth or 
neonatal death, such that miscarriages occurred in 46.7% 
of pregnancies. They found a similar trend in women 
with atypical BN, in which miscarriages were associated 
with 21.4% of pregnancies.

In cases of active Anorexia Nervosa, the study con-
ducted by Micali and colleagues24 found an association 
with lower weight, length, head and abdominal circum-
ference, and ponderal index (PI) at birth. These babies 
were more likely to be small for gestational age and to 
be born prematurely. The study included women with 
Anorexia Nervosa (n=1,609), Bulimia Nervosa (n=1,693) 
and both (Anorexia + Bulimia nervosa, n=634), who 
were compared with women not exposed to Eating 
Disorders (n=76,724).

In Norway, a study by Watson and colleagues,25 
examined 70,881 pregnant women grouped in grand-
mother-mother-child triads for analysis of exposure to 
eating disorders during pregnancy and 52,348 for anal-
ysis of lifetime exposure to maternal eating disorders. 
Diabetes (gestational), preeclampsia, umbilical cord 
knot and bleeding during pregnancy were included in 
the study, and neonatal outcomes included (standard-
ized) birth weight, birth length for age and sex <10th 
percentile, birth length for age and sex >90th percentile, 
preterm birth (<37 weeks), postmature birth (≥42 weeks), 

small for gestational age (SGA), and large for gestational 
age (LGA) for pregnant women with diabetes.

Barona and colleagues,20 in a prospective longitudi-
nal study, included women with active Eating Disorders 
(EDs), n=15; past EDs, n=20; and healthy women, n=28. 
The results showed that newborns of mothers with 
active EDs were more likely to achieve lower scores on 
autonomic stability. Exploratory analysis showed that 
babies of mothers with a diagnosis of Lifetime AN and 
BN were more likely to have lower overall cognitive de-
velopment, poorer receptive language, general language, 
and gross motor development compared to babies of 
healthy mothers.

The study conducted by de Eik-nes and colleagues,26 
they26 included women admitted between January 2003 
and March 2015 and with at least one birth registered 
in the Norwegian Medical Birth Registry (MBRN) in the 
period from 1967 to 2015. In the reference cohort, 21,510 
women and their 49,735 births were identified. Women 
with unspecified Eating Disorders and below-threshold 
EDs were more likely to have children with an Apgar 
score below 5 compared to women in the reference 
group. After adjusting for parity, maternity, marital 
status and year of delivery, women with a history of AN 
were more likely to have children who were SGA, and 
women with a history of BN were more likely to have 
a cesarean section. In the reference cohort, 508 (1.2%) 
perinatal deaths were recorded, 0.8% were stillborn or 
died within 7 days after birth (all of which children of 
women with a lifetime history of AN).

Another study carried out in China by Chan and 
colleagues27 aimed to determine the prevalence and 
levels of eating disorders in the perinatal period, and 
to identify risk factors and adverse outcomes of eating 
disorders during pregnancy. A consecutive sample of 
1,470 Chinese pregnant women from hospitals in Hong 
Kong was assessed using standardized instruments at 
five points in time, from the first trimester to 6 months 
postpartum. Compared with the normal birth weight 
groups, babies who were large for gestational age (LGA) 
were more likely to have mothers with higher levels 
of eating disorders in the second trimester (p<0.05) and 
third trimester (p<0.05). Small-for-gestational-age (SGA) 
babies were more likely to have mothers with higher 
levels of EDs at T2 (p<0.01), in addition, the study found 
that prenatal anxiety and depressive symptoms were 
independently associated with BED and BN through-
out the three trimesters of pregnancy. These factors 
can have a long-term impact on child growth and 
development.

Fernanda B. Silva, Luciana Pietro • Eating disorders during pregnancy
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Another study, conducted by Mantel et al.3 in Swe-
den, included 2,769 women with AN; 1,378 with BN; and 
3,395 with BED. They were compared with 1,225,321 
women without EDs. This study found that the risk of 
hyperemesis was approximately doubled for women 
with EDs. Maternal AN was associated with a 60% in-
creased risk of bleeding, and women with BN or EDNOS 
received a diagnosis of anemia more often than healthy 
women, but this risk was doubled for women with ac-
tive AN. Preeclampsia did not differ between exposed 
women with any of the ED subtypes and unexposed 
women. Women with all ED subtypes were at increased 
risk of preterm delivery, SGA and neonatal delivery with 
microcephaly, and those with AN and EDNOS had a 
reduced risk of instrument-assisted vaginal deliveries.

Discussion

According to the Hospital Santa Mônica,1 using data 
from the Eating Disorders Treatment Program (Ambu-
lim) of the Brazilian National Health Service, 0.5 to 4% of 
women will have EDs throughout their lives. However, 
when these women become pregnant, problems related 
to mother-child health can arise, increasing the chances 
of risky pregnancies.

The study by Lai and colleagues22 sought to exam-
ine the prevalence of eating disorders among Chinese 
women during pregnancy (T1) and 6 months postpar-
tum (T2). Participants completed questionnaire reports 
about themselves, attachment and concerns about the 
fetus. Finally, the overall prevalence of EDs during the 
study was 8.4% during pregnancy (T1) and 19.08% in the 
postnatal period (T2). Only a small percentage (3%) of 
mothers with EDs at T1 attained complete relief from 
their symptoms after delivery. In addition, from 25 to 
50% of women reported a deterioration or resurgence 
of EDs after birth.

Sollid and colleagues15 describe previous studies and 
case reports, which indicated that women with EDs are 
at greater risk of bearing a low birth weight child. Possi-
ble contributors to the causes of impaired fetal growth 
are weight control behaviors (such as restricted dieting, 
vomiting, and excessive exercise leading to malnutri-
tion) and compromised flow of essential nutrients to 
the fetus in the maternal blood. Subnutrition can also 
cause compromised immune systems, which can lead 
to an increased risk of maternal infectious diseases, also 
contributing to preterm birth.

The risk of placental abruption due to the low BMI 
of these women was also confirmed in the study by Aar-

on and colleagues.23 Weight gain during the gestational 
period contributed to a reduction in the chances of 
displacement. However, risk factors normally associated 
with obesity (e.g. hypertension, preeclampsia, ruptured 
membranes, and preterm delivery) were also strongly 
associated with placental abruption. One of the reported 
findings is that the nutrition of these women may have 
a protective effect in relation to placental displacement 
during pregnancy.

According to the study by Lina and colleagues,14 
induced abortions were more common in women 
with lifetime BN, while spontaneous abortions were 
the most common in women with lifetime BED. This 
study also prominently observed that women with AN 
had fewer children throughout their lives compared to 
reference women.

According to the study by Micali and colleagues,24 
the children of mothers who had AN showed the lowest 
birth weight, being 50-60% more likely to be small for 
gestational age (SGA). On average, these children were 
297g lighter, 1.1cm smaller, and had a smaller head and 
abdominal circumference in comparison to women in 
the control sample.

Major complications in childbirth, such as pro-
longed labor, cesarean section and induced labor, were 
observed in all eating disorders in the study by Watson 
and colleagues.25 The question of whether maternal EDs 
negatively influence perinatal outcomes or whether 
this is a result of generational factors that increase risk 
for both eating disorders and perinatal complications 
was also addressed. Preeclampsia and gestational di-
abetes were addressed as negative effects in BN and 
BED, which are also impairments and are associated 
with BMI and maternal death as well as a consequent 
increase in risks during the gestational period . How-
ever, this study has several limitations that also need 
to be taken into account.

No previous study known to Watson and col-
leagues,25 with the exception of that of Bulik and 
colleagues,28 reported on perinatal risks with lifetime 
assessments of EDs in the same individuals. Bulik and 
colleagues28 compared women with AN and women 
who had recovered from AN with women from healthy 
controls and descriptively reported that lower birth 
weight and risk of cesarean section were similar and 
more common in the AN groups. Most studies on the 
associations between eating disorders and perinatal risks 
have used lifetime assessments.14,24,29,30

The initial hypothesis and previous research by Bar-
ona and colleagues20 found that the newborns of women 
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with active EDs during pregnancy had worse autonomic 
and motor stability than other newborns, and also found 
it more difficult to stabilize their breathing and tempera-
tures compared to babies borne by healthy mothers. As 
these children developed during their childhood, it was 
noticeable that their language skills were less developed 
and motor stability also continued to be impaired, but 
no previous study has actually investigated the neuro-
logical responses of these children.

The study by Eik-nes and colleagues,26 showed that 
women with anorexia nervosa were more likely to have 
SGA children, but, this finding was not closely associ-
ated with AN during their research. The reason is that, 
although the population studied may overlap to some 
degree in the study, women with eating disorders may 
be less likely to participate in population studies overall. 
For example, only 28 women (8.5%) with EDs from the 
local patient registry agreed to participate in the MoBa. 
The inconsistency in the conclusions among the studies 
may be due to methodological differences, such as low 
statistics or a different classification of EDs. Since there 
was a lack of information, such as the duration of the 
disease of these women, it was impossible to assess the 
differences between the women, mothers in remission, 
compared with those with active EDs, which would 
result in different interpretations.

The aim of the study by Chan and colleagues27 was 
to examine the course, risk factors and adverse out-
comes of EDs at different stages of pregnancy, and their 
results showed an alleviation of eating disorders from 
pre-pregnancy to pregnancy. However, a worsening of 
these EDs was reported until the postpartum period, 
even though these variations may not be indicative of 
clinically significant changes. As expected, the results 
show that EDs vary across the trimesters, and that these 
are independently associated with depressive symptoms 
and prenatal anxiety, which were linked to BE and BN. 
In addition, the risk factors for babies born with abnor-
mal weight and small or large for gestational age could, 
in the long term, lead to impaired child development.

Mantel and colleagues3 reported that eating dis-
orders were associated with an increased relative risk 

of multiple pregnancies and neonatal complications 
(which varied between subtypes and differed in 
strength depending on active or prior disease) com-
pared with the control group. The pathophysiological 
mechanisms behind these observations are unknown, 
but several hypotheses were raised, such as maternal-fe-
tal stress, which is considered a potential mechanism 
for preterm birth.

The basis of this hypothesis is findings that the 
stress hormone is increased in women with AN and 
BN, and that high cortisol levels have been associat-
ed with microcephaly among women with AN. An 
inadequate diet during pregnancy with nutritional 
deficiency would undoubtedly be associated with 
fetal growth restrictions, and certain nutritional defi-
ciencies were also associated with an increased risk of 
preterm birth. This issue is also addressed by Aaron and 
colleagues23 and Watson and colleagues.25 Therefore, 
although they are not solutions, adequate nutrition 
and adequate psychological support are believed to 
be capable of preventing or reducing the impacts 
generated for these women during the gestational 
period, thus avoiding greater negative consequences 
for the mother-child binomial.

Conclusion

According to the studies analyzed, EDs can have 
negative impacts, both for the mother and for their 
offspring. These impacts can also be harmful in the long 
term, in addition to being associated with both prepar-
tum and postpartum risks. When present, they can affect 
the development of these children, since maternal EDs 
result in nutritional impairment.

Low BMI was one of the main findings of the stud-
ies; it can increase the risks associated with pregnancy, 
since the nutrients of these mothers are a crucial factor 
for a healthy gestation. Therefore, the article concluded 
that medical, nutritional and psychological follow-up 
is essential for women with EDs, regardless of the type, 
in order to have a safe pregnancy for themselves and 
for their babies.
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Abstract
Introduction: Communication is important to ensure safety 
in demands regarding patients, processes and staff in intensive 
care units (ICUs), a complex area that requires good commu-
nication and dynamism in order to achieve positive results 
for patients. Hence, the identification of tools that may pro-
vide improvements in communication among professionals 
working in the ICU in the scientific literature is essential. 
Objective: To map in the literature the types of tools for im-
proving communication among professionals in intensive 
care. Method: Rand integrative vision performed between 
April and May 2021, with searches in the medline, LILACS and 
BDENF databases. We used the descriptors: “Patient Safety”; 
“Intensive Care Units”; “Applications of Medical Informatics”, 
with Boolean operator “AND”. The search covered articles 
published between 2016 and 2021, full texts, in the Portu-
guese, English and Spanish languages. Duplicates, case reports, 
annals, editorials, letters to the editor, dissertations and theses 
were excluded. Results: We identified two categories: tools for 
changes of shift and tools for transfers of care. Conclusions: 
Communication tools are effective because they reduce the 
incidence risk of errors in direct patient care.

Keywords: Patient safety; Health communication; Intensive 
Care Units; Applications of medical informatics.

Introduction

Patient safety has been a subject of permanent 
interest in different scenarios of the hospital 
environment, especially in intensive care units (ICUs). 
The ICU is a highly complex care area, intended for 
the hospitalization and treatment of patients with 
serious clinical, medical and/or surgical conditions. The 
demands of these patients involve great risk to life and 
therefore require specialized professional attention.1

The theme of this study focuses on the goal of 
patient safety,2 recommended by the World Health 
Organization for improving communication between 
medical professionals. Studies indicate that inadequate 
communication represents one of the major causes in 
more than 70% of adverse events (AEs) in patient care, 

such as medication errors, incorrect identification of 
patients, and inadequate prescription.2

The theme is justified by the great importance 
that effective communication has on the routine of 
a complex unit such as an ICU. The standardization 
of language within the multiprofessional team is 
an effective instrument for ensuring security in the 
performance of the routine of demands regarding 
patients, processes and the team.

Since the ICU is a sector with complex activities 
and patient profiles, it is an environment with an 
intense pace of work and requires professionals to pay 
great attention to the performance of daily tasks, where 
any misstep can lead to irreversible damage. Therefore, 
communication must be accurate and understandable 
to all those involved, and no information should be lost 
at any time during the care of patients or the changeover 
of professionals.3

In addition, communication problems that occur 
in a hospital environment, especially in the ICU, can 
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cause disturbances in the routine activities of the 
multidisciplinary team, leading to disagreements among 
the staff and causing them to blame themselves for 
errors. This scenario generates emotional fatigue among 
those involved; delays or omission in providing care 
to the patient, with consequent risks of damage; and 
increases in hospital expenses and length of stay.3

The occurrence of these AEs is caused mainly 
by failures in the passage of information, long and 
exhausting working hours, noise pollution in the 
ICU environment, stress and inadequate hospital 
management.4

With the objective of guaranteeing effectiveness, 
improvements and safety of health care, some 
information standardization strategies have been 
developed to ensure clear, objective, concise, efficient, 
timely and comprehensive communication among 
teams. Nevertheless, these strategies must be implanted 
concomitantly with changes in both the behavioral 
and cultural aspects of institutions in order to produce 
norms that promote patient safety.5

Since ineffective communication between teams 
that provide care can generate failures in the continuous 
therapeutic plan and thus result in direct damage to 
critically ill patients, actions must be implemented to 
improve processes in order to minimize the risks inherent 
to the communication gaps among professionals. Thus, 
the establishment and implementation of care protocols 
are of fundamental importance in the prevention of 
errors and incidents in the daily routine of professional 
activities in health care.6

Highlighting this topic is important because 
effective communication leads to a reduction in 
human errors, improves the quality of care provided 
to the patient, strengthens ties within the team and 
reinforces the bond of trust in mutual work, in addition 
to providing safety in work processes. Hence, studying 
the recommended tools for improving communication 
among professionals can contribute to better quality 
of care, since it enables improvements in knowledge 
and techniques in the healthcare field, optimizes the 
daily work of teams, standardizes language among 
professionals and care and assistance units, with the 
objective of reducing unnecessary harm to the patient.

Effective communication occurs in a two-way 
model. The read-back technique (“read back”) is used 
to validate information transmitted during changes 
in shifts or within work shifts: to confirm that the 
information has been understood correctly, so that 
communication can take place more securely. This 

technique is also used in aviation and other industries 
to prevent messaging errors and has become part 
of the international patient safety goals of the Joint 
Commission International manual.7

Given this context, the following guiding question 
emerged: “What are the tools used to improve 
communication among professionals in intensive 
care units that can be found in the current scientific 
literature?” To answer this question, this study aimed 
to map the types of tools to improve communication 
between professionals in intensive care units that can 
be found in the literature.

Method

This work is an integrative literature review, based 
on data collected between April and May 2021. This 
type of study uses a method to address a specific topic, 
through definitions of concepts, a review of theories 
and evidence, and analysis of problems. The integrative 
review was carried out in six stages, conducted in 
order to identify, analyze and integrate the results 
of independent studies on the same subject. These 
stages are: elaboration of the guiding question; search 
or sampling of the literature; data collection; critical 
analysis of the included studies; discussion of results; 
and presentation of the integrative review.8

The research question was defined based on the 
selection of the objective and identification of the 
desired study. In the case of this study, P/I/C were used, 
that is, P (patient); I (intervention); C (context). This 
strategy favors the direction in which the research 
should be based, contributing with the most important 
evidence without being too general and avoiding 
searches outside the previously determined axis.9

Thus, the question was based on the health team 
(P), communication tools (I), and intensive care (C). 
Hence, the question that guided the research was: “What 
are the tools used to improve communication among 
professionals in intensive care units that can be found 
in the current scientific literature?”

The survey of articles took place between April and 
May 2021, through a search of the following databases: 
Medical Literature Analysis and Retrieval System Online 
(MEDLINE), Latin American and Caribbean Literature 
in Health Sciences (LILACS) and Database in Nursing 
(BDENF).

The descriptors were chosen through a search in 
controlled vocabularies of the Descriptors in Health 
Science (DeHS) and the Medical Subject Heading (MeSH). 
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reading was carried out and 17 studies were excluded 
for not answering the guiding question. In the end, the 
study selected five articles, as shown in the flowchart 
(Figure 1).

Five articles were selected for analysis, organized by 
journal, authors, year of publication, title, type of study 
and communication tools used among the health team 
in intensive care.

Results

Of the five articles analyzed, three (60%) were 
published in 2018, one in 2017 (20%) and one (20%) 
in 2019. With regard to language, all five studies were 
published in English. With regard to the type of study, 
there were two (40%) literature reviews, one (20%) 
exploratory qualitative, one (20%) action research 
with content validation and one (20%) quantitative 
descriptive (Table 1). After reading the articles, two 
categories were identified: instruments for shift changes 
and instruments for transfer of care.

After consultation, the following terms were chosen: 
“Communication in Health”; “Patient safety”; “Intensive 
Care Units”; “Applications of Medical Informatics”; 
“Health Communication”; “Patient Safety”; “Intensive 
Care Units”; and “Medical Informatics Applications”. 
The terms were associated by use of the Boolean operator 
“AND”.

Articles published between 2016 and 2021 were 
included with full texts, in Portuguese, English and 
Spanish. The following types of works were excluded: 
duplicate articles, case reports, proceedings, editorials, 
letters from the editor, dissertations and theses.

The search in the databases generated an initial 
sample of 232 articles, of which 162 from Medline, 39 
from LILACS and 31 from BDENF. A prior screening was 
conducted, based on the title, abstract and descriptors, 
to assess whether these articles fell within the inclusion 
and exclusion criteria of the study. Thus, 33 articles were 
excluded due to duplication, and another 177 articles 
for not meeting the theme of the study, leaving 22 
manuscripts for reading in full. Subsequently, the full 
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Figure 1. Flowchart of the process of search, selection and analysis of review articles
Source: Adapted from PRISMA (2015).
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Periodical/
Authors/

Year
Title Type of study

Communication tools used 
among the health team in 

intensive care

Texto & Contexto
Enfermagem/

Santos; Barros; Broca e Silva/
(2019)

Communication noise during 
the nursing team handover in 

the intensive care unit
Qualitative and exploratory - Handover instrument

Medicina intensiva, Elsevier/
Rodríguez et al./

(2018)
Handover in Intensive Care Literature review - Use of mnemonic tools

Escola Anna Nery/
Santos; Campos; Silva/

(2018)

Handoff communication in 
intensive care: links with 

patient safety
Integrative review - Handoff instrument

Revista Brasileira de 
Enfermagem/

Corpolato et al./
(2018)

Proposal for the 
standardization of the shift in 
an adult general intensive care 

unit

Action research, descriptive, 
content validation.

- Handover instrument in 
Checklist format

- Shift change always at the 
bedside

Cuidarte Enfermagem/
Beccaria; Meneguesso; 

Barbosa; Pereira/
(2017)

Interferences in the nursing 
duty shift change in an 
intensive therapy unit

Descriptive, quantitative - Handover instrument

Table 1. Distribution of articles, according to journal, authors, year of publication, title, type of study and communication 
tools used among health teams in intensive care. Rio de Janeiro, RJ, 2021

Source: The authors (2022).

Discussion

Instruments for shift changes

The communication process is understood as the 
understanding and sharing of messages sent and received 
by verbal or non-verbal means, considering that the 
content and the way they are transmitted can influence 
the behavior of the people involved.10

Thus, we can affirm that communication among 
the professionals of the multidisciplinary team is 
essential for the safe care of patients. The risks of 
communication failures between these professionals 
can lead to errors, adverse events and a deficit in the 
quality of care.11 The studies analyzed observed that 
communication failures among the professionals 
responsible for care is a weak point.12-15 

The communication process in ICUs is complex, 
since this environment has its particularities, where 
the care of the critical patient, who is at imminent 
risk of death, requires close attention and continuous 
observation by the team, demanding immediate 

responses for both decision-making and adequate 
intervention. In this context, communication within 
teams needs to be effective and clear, in order to eliminate 
possible AEs caused by ineffective communication.16

Communication noise, side conversations, lack 
of focus on the part of the team and forgetfulness 
when passing on some information/intervention that 
was or should be provided to the patient generates 
vulnerability and negligent care, which can cause direct 
or indirect harm to the patient.12-15

The fast pace at which the teams conduct their 
tasks is considered the main reason for the difficulties 
in communication among professionals, leading to 
failures of communication within the ICU environment 
becoming predictable.16

An important element is the organization of 
the team during the process of change of shift. The 
implementation and standardization of an easy and 
objective instrument that presents the main items of 
information about the patient is essential to guide this 
process and remedy the flaws described above.12-15
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To achieve this objective, professionals should 
be trained and guided to not abandon the narrative 
approach and to go through each case in detail, by 
presenting their assessment and the interventions that 
were necessary during the shift, thus carrying out a 
complete, clear and effective transfer of care.12-15

Noise in communication is directly related to 
incomplete or absent information about the patient, 
with communication focusing on intercurrences and 
clinical evolution during the previous 24 hours and 
with little appreciation of data on assessment, care 
plan and the patient’s clinical status. Other noise in 
communication relates to late arrivals, low voices, side 
conversations and the use of cell phones. These events 
generate unnecessary, wrong or ineffective procedures.12 
Knowing that communication is a key instrument 
to ensure quality and safety in patient care, the team 
must receive training in order to build a cohesive 
and structured relationship with an adequate set of 
information necessary to minimize risks and improve 
health safety and quality, without causing harm to the 
patients under care.6

The existence of a structured process for the 
modalities of information transfer, emphasizing those 
that are considered most relevant, with adequate 
identification by the professional by means of 
mnemonic tools is useful, but must be accompanied by 
a narrative approach, which adds enriching nuances.14

In another study, the tools developed in order to 
optimize shift changes showed that the standardization 
of nursing activities and procedures contributes to the 
promotion of safe patient care and improvements in 
the quality in health services. A specific instrument is 
helpful in the transmission of information during shift 
changes in order to ensure patient safety through the 
standardization of this activity.12,15 

It is important to develop a Standard Operating 
Procedure and an instrument for recording information, 
which must be validated in terms of appearance, clarity, 
suitability and content. If used correctly, these tools can 
improve shift changes in ICUs, minimizing the risk of 
failures in the communication process.13 

An instrument for transfer of care helps to pass 
on information in full, thus reducing instances 
where important patient data is forgotten, while 
enhancing the continuity of necessary interventions, 
as well as improving communication within the 
multiprofessional team.17

In response to the increase in AE incidents, the 
Joint Commission International (JCI) points to tools for 
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the transfer of care as means to resolve failures arising 
from deficient communication. Thus, communication 
strategies in the health organization facilitate the process 
of transfer of care .18

Other tools for effective communication, such as 
shift handover instruments that are standardized and 
in a checklist format, showed great relevance in the 
opinion of nurses regarding the optimization of their 
daily practice, when combined with the transmission 
of bedside information.18

A variety of mnemonic instruments used in 
practice is mentioned in the literature, of which the 
most recommended in hospital environments is the 
ISBAR (Introduction, Situation, Background, Assessment, 
Recommendation).19 Mnemonic tools were described in 
the 1990s and include the goals, information, strategies 
and roles of members in a given activity.20

The SBAR (Situation, Background, Assessment, 
Recommendation) was structured in the United States 
of America, initially used in the US Navy and later 
improved for the healthcare area. It is a structured 
method of communication, designed to streamline 
communication within professional teams, by 
creating a standardized information structure that 
allows nurses to be more direct with important 
information and optimizes the transmission time 
of this information.21 This methodology has shown 
evident gains in terms of the satisfaction of the teams 
that use the instrument. It speeds up the transmission 
of information, is clear and objective, and helps 
to define treatment goals in conjunction with the 
medical team, thus minimizing the incidence of errors 
in emerging situations.21

It is also the precursor of other methods, such 
as ISBAR and ISOBAR (I-Identification; S-Situation; 
O-Observation B-Background; A-Assessment and 
R-Recommendations), which share the same basis, 
differing only in that the part related to physical 
observation of the patient is present in the ISOBAR 
methodology and absent in ISBAR. These methods are 
used in other parts of the world, such as Australia.21

Ineffective communication is one of the main 
factors leading to the occurrence of AEs, as well as in 
care transitions, which is a critical situation where 
communication failures happen.6

Thus,  studies consider that the effective 
performance of shift changes brings great benefits to 
health institutions, patients and all professionals, by 
guaranteeing the continuity of care. The quality of the 
information will depend on the person verbalizing it, 
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the time dedicated to this task, the transfer pattern used 
and the team’s commitment to recording the necessary 
information.22

Instruments for the transfer of care 

The use of an instrument for the transfer of care 
of a patient involves the transfer of responsibility to 
another team that will receive the patient, as well as 
the transfer of care itself.23

Handoff was configured as a gold protocol 
for the standardization of communication in 
patient transfers, bearing in mind the importance 
of communication among medical, nursing and 
pharmaceutical teams in the care of hospitalized 
patients, regarding processes involving the filling 
of drug prescriptions, test results, procedures, diet 
therapy, adverse drug reactions, comorbidities and 
any information relevant to the required care.23

The handover is an instrument used to transfer a 
case from one professional to another. Normally, this 
exchange of information about the patient occurs 
during shift changes, usually in exchanges between 
12 or 24-hour service teams, thus characterizing a very 
important tool to ensure the continuity of quality 
care that is free from adverse events. It is a widely 
efficient, effective and simple protocol that has 
shown expressive results, guaranteeing safe care based 
on information about the patient’s status, previous 
disease history, allergies, procedures performed, 
pending issues, among others.24

It is noteworthy that in intensive care, for exam-
ple, there is no defined consensus on what informa-
tion is essential for a flawless transfer of care, and the 
mention of information that is assumed to be vitally 
important is often forgotten. A study carried out in 
Rio de Janeiro showed that, despite the use of this  
instrument for transferring patients, professionals 
failed to describe significant information when trans-
ferring care between shifts. This finding corroborates 
the need for continuous training in communication 
skills to improve team engagement, as well as for 
follow-up action to standardize and update the in-
strument, as required.25

In another study, the data prioritized in the 
handover of patients were information regarding 
medication, water balance, patient history, invasive 
devices, skin lesion or integrity, therapeutic proposal, 
pending issues, allergy and nursing care. The authors 
state that subjective data, such as complaints, pain 
reports, family-patient interaction, coping with the 

disease, and fears related to diagnosis and treatment 
should also be taken into account in the transfer of 
care, in order to relate signs and symptoms and to 
optimize nursing care and planning.26

Effective communication is essential to the 
extent that failures in the transfer among units with 
no verbal passage, patient identification or omission 
of these, begin to become routine, since these are 
considered to be important enabling circumstances 
for potential damage. In addition, failures in relation 
to the assistance itself are highlighted, for example, 
the transmission of vital signs, which if erroneously 
passed, become an issue for the use of information.23 
Such information, about patients or their therapy, 
when cited wrongly, turns into communication noise, 
causing failures and damage to the effectiveness of 
the care provided. This disorganization can lead the 
client to be harmed, the quality of care provided to 
decrease, duplication or lack of interventions, whether 
therapeutic or not.27

Factors listed as interference in the transfer of 
care were described in a recent study. These included: 
ringing alarms that are not responded to, parallel 
conversations, low tone of voice, lack of clarity and 
objectivity, interruptions, assistance to patients during 
communication (especially in cases of emergency) and 
the ringing of cell phones. Since these are the most 
important enemies of communication that is free 
from noise and interference, those involved in this 
process should pay close attention in order to avoid 
losses generated by distractions in the information 
necessary for a flawless transfer.27

Healthcare professionals, especially nurses and 
nursing technicians, should recognize that standard-
ized transfer of care improves and facilitates com-
munication and ensures that no information is lost 
along the way.28

Knowing that communication is a key instrument 
to ensure quality and safety in patient care, the team 
must receive training in order to build a cohesive 
and structured relationship, with an adequate set of 
information necessary to minimize risks and improve 
health safety and quality, without generating losses 
and damages to the patients under care.6

In addition, it is important to note that the 
transfer of care is described as the continuity of the 
patient’s treatment from one professional to another 
and includes the transfer of responsibility, and both 
complete and updated information about clinical 
status, therapeutic plan or necessary interventions.1
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Conclusion

In view of the above, communication tools for 
professionals in the ICU, such as instruments for shift 
changes and transfer among units are effective, since 
they reduce the incidence of risks, damages and errors 
in direct patient care.

Studies on this theme are scarce, despite its great 
importance. Most of the articles addressed instruments 
for handover and transfer of care related to the patient, 

without showing other tools that could be used by 
health professionals in other situations, such as in 
relation to processes and the team.

Studies should be carried out to evaluate the use of 
tools or instruments at times other than shift change 
or transfer of care, and also to assess their effectiveness 
in common situations of communication between 
professionals in the ICU, such as sector organization, 
human resources, processes involving the prescription 
of drugs and other procedures. 
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and (c) approval of the final version for publication. Leading or su-
pervising a research lab/group does not in itself qualify as authorship. 
Sole contributions to fund raising or to data gathering also do not 
qualify as authorship. To ensure transparency in this aspect authors 
are expected to include a statement of authorship detailing the role 
of each author in the study and in the production of the paper. In 
the absence of this authorship statement within the introduction 
letter, the paper will be disqualified for analysis.

The letter must be signed by the main author, who will represent 
all other authors in this document.

Title page: this page must contain title and author information 
as follows:

•	 title (in Portuguese, English, and Spanish) 100 characters maximum, 
counting spaces;

•	 short title (in Portuguese, English, and Spanish) 50 characters maxi-

mum, counting spaces;

•	 the name of each author with their affiliation in this particular 
order: first name, abbreviated middle names, last name. Department 
(or service). Course. University (or institution). City, state/province/
territory, country.

•	 contact information for an author: first name, abbreviated middle 
names, last name, mailing address, e-mail.

Types of papers

1. Original papers: 

Papers resulting of original research. Maximum of 5,000 words (exclu-
ding abstract and references) and five images or tables. Maximum of 
40 listed references. They must be submitted in the following format:

•	 abstract: must be written in Portuguese, English, and Spanish, with a 
maximum of 250 words. Must follow the structured abstract model, 
with mandatory introduction, methodology and resources, results 
and discussion. It is well known that the abstract gets more visibility 
and distribution than the full text of the paper. Therefore, it must 
contain the essential information in the paper, but cannot be just a 
patchwork of sentences from it. It must be succinct and direct, highli-
ghting what is most important in the full text in order to encourage 
a full reading. In the conclusion, all results must be related to the 
objectives of the study. The discussion must assert the contribution 
of the results to the body of knowledge about the subject of research.

•	 keywords: three to six terms related to the subject must be given, 
separated by semicolons, according to DeCS (Descritores em Ciências 
da Saúde) for Portuguese and Spanish, and also MeSh (Medical Subjects 
Headings) for English.

Full text

•	 introduction: it must be short and present the purpose (context and 
justification) of the study, including a short review of relevant studies 
about the subject, mentioning any recent progress, and referencing 
just what is appropriate.

•	 methodology and resources: this section must briefly present all 
the information needed for other researchers to replicate the study. 
Adopted procedures must be clearly described, as must the analysed 
variables and tested hypotheses. Definitions must be given whenever 
necessary. Population, sample, and measurement instruments must 
be described and information about data gathering and processing 
must be given. If possible, validity scores must be included. Methods 
an techniques used must be duly detailed, including statistic methods. 
New or substantially modified methods must be described, with a 
justification for its use and mention of its limitations. Research ethics 
must be observed. Authors must explicitly state that the research was 
done within ethical standards and with the approval of an ethics 
committee.

•	 results: this section must be a concise report of all new information 
found, with minimum personal bias and judgment. The data must 
be presented in a logical sequence, starting with the most important 
information. Data from tables and images must not be repeated, but 
briefly referred to. It must state the significance of the new data and 
the relevance of the new findings in relation to established theories 
and to scientific literature. In this section must also be mentioned 
the limitations of the present work, as well as its implications for 
future research. Finally, conclusions must be included in this section, 
always related to the initially stated objectives.

•	 acknowledgments: must be concise and limited to people and ins-
titutions that contributed to the research in some degree, but could 
not be included as authors.

•	 in-text citations: BJHBS follows the Vancouver style, according to 
the general rules of The NLM Style Guide for Authors, Editors, and 
Publishers, second edition (www.ncbi.nlm.nih.gov/books/NBK7256/). 
For in-text citations, use Arabic numerals superscript,1 without spaces, 
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right after a word or punctuation: “Parkinson’s Disease1 description 
began in the 1950s,2 when...” In some cases, the names of the authors 
may figure in the text: “Phillips12 analysed several conditions of...”; 
and up to two authors can be named: “Handel and Matias15 conducted 
a study about...” However, when the number of authors is three or 
more, the first author must be named along with the expression “et 
al”: “Silveira et al13 have proposed a new methodology...”

•	 references: all referenced cited in-text must be in the reference list. 
References are limited to published material, papers, and abstracts. 
Authors are responsible for providing precise and complete referen-
ces. In references with more than one author, authors up to three 
must be named. From there on, an “et al” must follow the first three 
authors. There must be no more than 40 references.

•	 tables and/or images: up to a maximum of five.

•	 tables: must be created in dedicated software, such as Excel. The 
width must be proportional to one page in the current layout. The 
font must be Arial, size 9, single space. Tables must be imported to 
and submitted in a text file: .doc/.docx (Microsoft Word), .rtf (Rich 
Text Format), or .odt (Open Document Text). They must be assigned 
a number in ascending order and receive a title and/or subtitle expla-
nation. They must also be referenced within the text. The content 
of a table must not replicate that of an image nor vice versa. Their 
numbers must be assigned according to the order in which they are 
referenced in-text.

•	 images: can be photos, illustrations, graphics, drawings, etc. Images 
must be submitted as separate files (.tiff or .jpeg). They must be assig-
ned a number in ascending order and receive a title and/or subtitle 
explanation. They must also be referenced within the text

2. Clinical cases:

a.	 Case report: usually describes one to three patients or a family case. 
The text must be up to 2,000 words long, with up to three tables or 
images and up to 25 references. The abstract must be no more than 
100 words long.

b.	Clinical case solution: must contain a step by step description of 
the decision process of clinical cases. Patient information must be 
presented to one or more clinical experts in stages (text in bold) to 
simulate the way information is made available in clinical practice. 
The expert must answer (text in regular font) as new information is 
added, sharing their reasoning/arguments with the reader. The text 
must be up to 2.500 words long, and must have up to 15 references.

3. Literature review:

Must be about subjects relevant to medical practice. These will form 
a section about the common theme of each issue. These are limited 
to 5,000 words (excluding abstract and references) and a maximum 
of five images and/or tables. Maximum of 40 listed references. Litera-
ture reviews will be submitted for the editorial board analysis under 
invitation by the guest editor of this section, and must conform to 
the following standards:

Title page: this page must contain title and author information 
as follows:

•	 title (in Portuguese, English, and Spanish) 100 characters maximum, 
counting spaces;

•	 short title (in Portuguese, English, and Spanish) 50 characters maxi-
mum, counting spaces;

•	 the name of each author with their affiliation in this particular 
order: first name, abbreviated middle names, last name. Department 
(or service). Course. University (or institution). City, state/province/
territory, country.

•	 contact information for an author: first name, abbreviated middle 
names, last name, mailing address, e-mail.

Full text:

•	 abstract: must be written in Portuguese, English, and Spanish, with a 
maximum of 250 words for each language. Must follow the structured 
abstract model, with mandatory introduction, methodology and 
resources, results and discussion. It is well known that the abstract 
gets more visibility and distribution than the full text of the paper. 
Therefore, it must contain the essential information in the paper, but 
cannot be just a patchwork of sentences from it. It must be succinct and 
direct, highlighting what is most important in the full text in order to 
encourage a full reading. In the conclusion, all results must be related to 
the objectives of the study. The discussion must assert the contribution 
of the results to the body of knowledge about the subject of research. 

•	 keywords: three to six terms related to the subject must be given 
according to DeCS (Descritores em Ciências da Saúde) for Portuguese 
and Spanish, and also MeSh (Medical Subjects Headings) for English. 
Keywords must be separated by semicolons.

Literature reviews may fall into two types:

a.	 Systematic review and meta-analysis – Through a synthesis of 
original studies’ results, the paper must answer specific relevant 
health sciences questions about the theme of its issue (see BJHBS’ 
focus). It must detail the search process to find the original studies, 
selection criteria, and synthesis procedures for the results of the re-
viewed studies (which may or may not be meta-analysis procedures).

b.	Narrative/critic review – Narrative or critic review has a 
descriptivediscoursive character, and aims to offer a broad presen-
tation and to discuss themes of scientific interest within the health 
field. It must have a clear formulation of the scientific subject of 
interest, a theoretical-methological critic of the reviewed works, 
and a conclusive synthesis. It must be elaborated by experienced 
researchers in the field in question or by renowned experts of no-
torious knowledge.

•	 Acknowledgments: must be concise and limited to people and 
institutions that contributed to the research in some degree, but 
could not be included as authors.

•	 In-text citations: BJHBS follows the Vancouver style, according 
to the general rules of The NLM Style Guide for Authors, Editors, 
and Publishers, second edition (www.ncbi.nlm.nih.gov/books/
NBK7256/). For in-text citations, use Arabic numerals superscript,1 
without spaces, right after a word or punctuation: “Parkinson’s 
Disease1 description began in the 1950s,2 when...” In some cases, the 
names of the authors may figure in the text: “Phillips12 analysed 
several conditions of...”; and up to two authors can be named: 
“Handel and Matias15 conducted a study about...” However, when 
the number of authors is three or more, the first author must be 
named along with the expression “et al”: “Silveira et al13 have 
proposed a new methodology...”

•	 References: all referenced cited in-text must be in the reference 
list. References are limited to published material, papers, and abs-
tracts. Authors are responsible for providing precise and complete 
references. In references with more than one author, authors up 
to three must be named. From there on, an “et al” must follow the 
first three authors. There must be no more than 40 references.

•	 Tables and/or images: up to a maximum of five.

•	 Tables: must be created in dedicated software, such as Excel. The 
width must be proportional to one page in the current layout. The 
font must be Arial, size 9, single space. Tables must be imported 
to and submitted in a text file: .doc/.docx (Microsoft Word), .rtf 
(Rich Text Format), or .odt (Open Document Text). They must 
be assigned a number in ascending order and receive a title and/
or subtitle explanation. They must also be referenced within the 
text. The content of a table must not replicate that of an image 
nor vice versa. Their numbers must be assigned according to the 
order in which they are referenced in-text.

•	 Images: can be photos, illustrations, graphics, drawings, etc. Images 
must be submitted as separate files (.tiff or .jpeg). They must be 
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assigned a number in ascending order and receive a title and/or 
subtitle explanation. They must also be referenced within the text

4. Other submissions:

Editorial: it’s a commentary on or analysis of papers in a given issue. 
It may include an image or table and be no more than 750 words long, 
containing up to five references. It will be written by the editor in chief 
or by an invited contributor at their request.

Letters to the editor: space for reader’s to talk about recently pu-
blished papers. Each letter must have up to 200 words (excluding 
references), five references and one image or table. It must be submitted 
no later than six months after the publication of the relevant paper. 
Letters non-related to papers published by BJHBS are limited to 500 
words (excluding references), five references, and one image or table. 
Authors of letters will be required to provide their details, as well as 
contact information and possible conflicts of interest. The decision 
about the publication of a letter is made by the editor in chief.

5. On-line submission:

Papers and other types of material must be sent to  submission.bjhbs@
gmail.com, along with the introduction letter. The subject of the 

e-mail must be: “Type of paper [original paper, case report, literature 
review]” or “Letter to the editor” -- title” + last name of its main author 
in UPPER CASE.

All subsequent communication must happen through responses to 
the original e-mail.

The editorial committee will analyse the material according to the 
editorial policies of BJHBS and will answer regarding acceptance for 
peer review as soon as possible. If it’s considered fit for publication, 
it will be processed and proceed to editing, proofreading and layout.

After a paper’s acceptance, the term of copyright transfer and the 
statement of conflicts of interest must be sent as soon as possible.

The final layout will be forwarded to the authors for final approval 
in .pdf format. This approval must be given according to a deadline 
defined by the editorial team.

Papers and other texts that do not conform to the specifications of 
these guidelines will be returned without any analysis by the editorial 
board of BJHBS. Such material must be re-submitted for new analysis 
once specifications are followed.
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