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EDITORIAL

Animal experimentation: A look into ethics, welfare

and alternative methods

EXPERIMENTA(}AO ANIMAL: UM OLHAR SOBRE ETICA, BEM-ESTAR E METODOS ALTERNATIVOS
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INTRODUCTION

Since the fifth century BC, there have been reports of
scientific experiments involving animals, but their use
has become more frequent since the nineteenth century.
Animal welfare would then comprise only stress reduction,
animal suffering not being taken into account for many
years.! In 1824, the first animal protection society, the
Society for the Preservation of Cruelty to Animals, was
established in England to promote animal comfort, there-
by helping to prevent cases of cruelty.?

In 1959, Russell and Burch described the principle of
the “3 Rs” - Replace, Reduce, Refine - for research using
animals. This principle recommended substituting con-
scious living vertebrates with phylogenetically more prim-
itive life forms, such as the more degenerate metazoan
microorganisms and endoparasites, or with computerized
simulations. The reduction principle advised that research
and procedures should be carried out with as few animals
as possible, while the refinement principle suggested that
the techniques used should decrease their pain and distress
at all stages of the study.*?

In Brazil, Law No. 11,794/08, also known as the Arou-
ca Law, regulates the use of animals in scientific experi-
ments. Chapter IV of the Arouca Law describes the con-
ditions for breeding and using these animals in teaching
and scientific research, such as the use of sedation, anal-
gesia or anesthesia in any experiment that may cause pain
or distress. It also recommends performing euthanasia
whenever the experiment is terminated or at any of its
phases when there is intense suffering of the animal.*

The Arouca Law created Brazil’s National Council for
the Control of Animal Experimentation (Concea, Portu-
guese acronym for Conselho Nacional de Controle de
Experimentacio Animal), assigned to draw up the guide-

http://dx.doi.org/10.1590/1806-9282.63.11.923

lines and enforce compliance with them regarding the
humane use of animals in scientific research. It also set
up the Ethics Commissions on the Use of Animals (CEUAs,
Portuguese acronym for Comissdes de Etica no Uso de
Animais) as an indispensable condition for the accredi-
tation of teaching and research institutions that use an-
imals in scientific experiments.*

The purpose of using animals in teaching is to illus-
trate or carry out procedures that are already known, un-
like their use in research, which is aimed at contributing
to developing new drugs or treatments, in addition to
clarifying certain biological phenomena.’

Many advances in health sciences were possible thanks
to scientific experiments conducted on animals. Howev-
er, actions from non-governmental organizations (NGOs)
towards protecting and preserving animals are still fre-
quent. Some scientists argue that the predictive value of
this type of research is often low and may lead to biased
or imprecise results, which would result in unnecessary
suffering to the animals and clinically irrelevant data.®

It can therefore be stated that the practice of animal
experimentation is considered a widespread activity in
the scientific environment. Nevertheless, it has provoked
public reactions, and this practice has been intensely
debated both in society and academic institutions.>*

Our study was aimed at undertaking a narrative review
on ethics and welfare in animal experimentation, as well
as discussing alternative methods to its use.

CHOOSING THE ANIMAL MODEL

Meticulous research should be undertaken for project
planning prior to initiating any experiment in order to
avoid unnecessary use of living animals.? There are reasons
for their use in several studies, such as those investigating

Rev Assoc Mep Bras 2017; 63(11):923-928
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human diseases and in toxicity tests. In addition, animals
are used as an asset to teaching health professionals and
training their surgical skills.”

Investigators should know the particular traits of the
species they intend to use, such as its physiology, devel-
opmental stages, reproductive characteristics, specific
behaviors and nutritional needs. In practice, when actu-
ally conducting experiments, choosing the appropriate
animal model is done based on how easy the husbandry
practices and handling of the animal species are, rather
than experimental design or animal biological relevance.®

Rodents, especially rats and mice, are among the most
commonly used animals in scientific research.’ In the
United States alone, 26 million mice and rats are used per
year, which makes up to 96 to 98% of all animal testing.’

Rats are most appropriate for work involving shock,
sepsis, obesity, peritonitis, cancer, gastric ulcers, intestinal
operations, the mononuclear phagocytic system, spleen,
wound healing and organ transplantations (Figure 1).
Mice, in turn, are more suited to studying megacolon and
burns, as well as shock, sepsis, obesity and cancer, as pre-
viously mentioned.?

Pigs are used in liver, stomach and transplantation
studies (Figure 2), whereas rabbits are suited for studies
on immunology, shock, inflammation, colitis, vascular
operations and transplantations. Dogs fell into disuse,
mainly due to the activity of NGOs engaged in protecting
the species. However, their use was common in teaching
surgical technique and studying shock, malabsorption,
colitis, pancreatitis, hepatic and splenic operations, as
well as transplantations.?

FIGURE 1 Healing test using rats as an animal model.

FIGURE 2 Operative technique using pigs as an animal model.

Thus, choosing an animal for laboratory use depends
on the scientific research. There are some animals whose
genetic lineage makes them prone to certain diseases, such
as diabetes mellitus or high blood pressure, and therefore
are ideal choices for testing drugs and/or procedures when
studying such conditions.’

It is of utmost importance to know the microbio-
logical standard of laboratory animals, given that it not
only affects people, but can also influence the results of
the experiments. Studies have been using an increasing
number of specific pathogen-free (SPF) animals, that is,
animals which are free of specific microorganisms and
parasites. In order to obtain this type of sanitary status,
it is essential that animals be husbanded and kept in
settings that are protected by strict sanitary barriers
and frequently monitored, since many rodent infections
are subclinical.!?

HousING AND ENVIRONMENTAL ENRICHMENT
Several aspects relative to the husbandry and housing of
species are neglected. Group housing is important, but
can give rise to aggression, hence causing pain, injury or
death. Also, animals that are stressed or injured may com-
promise the scientific validity of the study."!
Investigators should be concerned about the circum-
stances in which animals are kept during the study, as well
as familiarize themselves with the metabolism of the species
kept in vivaria, which can be altered by factors such as
confinement, stress, pain, lack of sunlight and more.®?
Housing conditions not only affect the behavior of the
animals but also interfere with the results of the experiments.
Environmental enrichment and enhancement procedures
help reduce stress and positively affect performance.®
Accordingly, knowledge of the specific behavior and
physiology of the species is extremely important, so that

924

Rev Assoc Mep Bras 2017; 63(11):923-928



ANIMAL EXPERIMENTATION: A LOOK INTO ETHICS, WELFARE AND ALTERNATIVE METHODS

experiments can be conducted while aiming at reducing
pain, suffering and stress inside the enclosure, thereby
promoting animal welfare and consequently increasing
reliability of research data."?

Factors causing agony and distress in animals should
be eliminated or controlled so that there is no interference
in data collection and interpretation of results. The need
for more animals, reduced reliability, increased variabil-
ity in results and unnecessary use of lives all stem from
impaired welfare.'*

Animals should be kept in a safe and appropriate place
in order to reduce experiment data variation arising from
the environment. It is essential to keep variables such as tem-
perature, humidity and airflow at levels that are appropri-
ate for each species, since abrupt variations can cause stress,
decreased resistance and greater susceptibility to infections.®!?

The space allocated to animals must permit free move-
ment, sleep and contact with other animals of the same
species.* Rats and mice are very sociable animals and,
therefore, should be housed in groups so that they can
develop normal behavior. Laboratory cages are usually
not suitable for the animals’ behavioral needs. Hence,
environmental enrichment is an important feature for
them to express their natural behavior, which will affect
their physiology and defense mechanisms."?

The enrichment features should satisfy their curiosity,
provide them with fun activities, and allow for the fulfill-
ment of their physiological and behavioral needs, such
as building nests, exploring, gnawing and hiding. The use
of igloos, cardboard/PVC tubes, cotton, paper towel, paper
strips and disposable masks favors this objective.?

When a new animal is placed into the experiment’s
settings, they should go through a period of acclimatiza-
tion (quarantine), as abrupt changes in their living con-
ditions can elicit a pressure response, which, albeit tem-
porary, can lead to distress."

The environment to be used for animal housing must
be constantly controlled by hygiene, disinfection, sanita-
tion and sterilization processes. Several infectious agents
found in vivaria, such as Sendai virus, Mycoplasma pulmonis
and cestoda, are currently becoming increasingly rarer.
However, the mouse hepatitis virus still remains a threat.'

EUTHANASIA

The term euthanasia is derived from Greek and means
death without suffering. The Arouca Law (Article 14,
Chapter IV, Paragraphs 1 and 2) states that an animal
shall be subjected to euthanasia, in strict obedience to
the requirements pertaining to each species, whenever
the experiment is terminated or at any of its phases, where

such a procedure is recommended, as well as whenever
severe suffering occurs. If the animal should not be sub-
mitted to euthanasia, it may exceptionally leave the vivar-
ium after intervention and be assigned to suitable persons
or animal protection entities, duly legalized.*

Such a procedure is also indicated where the animal’s
welfare is irreversibly impaired and neither pain nor suf-
fering can be controlled with analgesics or sedatives, or
in those cases where the animal constitutes a threat to
public health and a risk to the native fauna or to the
environment.»!31

Euthanasia techniques should result in a rapid loss
of consciousness followed by cardiac or respiratory arrest
and definite impairment of brain function. It is important
to handle the animal calmly and out of its enclosure, seek-
ing to reduce distress, fear and anxiety."

Prior to choosing the most appropriate method, one
must take into consideration the animal species involved,
the animal’s age and physiological status, as well as the
safety of the person euthanizing the animal. Every research
project should contain the description of appropriate
endpoints for the animal species and the procedures that
will be used.!®!

There are both chemical and physical methods. The
chemical methods available include injectable agents (bar-
biturates, propofol, potassium chloride); inhalable agents
(carbon dioxide, nitrogen, argon); and anesthetics (halo-
thane, isoflurane and sevoflurane). Physical ones comprise:
compressed air gun (non-penetrating) and captive dart
(penetrating); fire gun; decapitation; exsanguination; elec-
trocution; maceration and cervical dislocation.'

The physical methods may be classified as either re-
stricted or unacceptable. Therefore, it is important to
search for the appropriate method for the species being
used. After completion of the procedure, death should
be confirmed before the animals’ bodies are discarded.'*!

ALTERNATIVE METHODS
The authorized use of animals in teaching activities raises
very controversial issues, especially considering that it often
involves invasive procedures. This is quite questionable in
veterinary educational programs, where its ethical justifi-
cation is to foster the progress of medical knowledge.'®
Continuing medical education is increasingly chang-
ing, and the search for alternative methods in surgical
training has been increasing, so as to avoid the overuse
of animals, thereby reinforcing ethical principles and
animal rights. Accordingly, educational institutions seek
ways to teach surgical practice without compromising
the quality of teaching."”
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Some authors argue that animal experimentation, in
addition to being detrimental to maintaining life and
bodily integrity, avoiding pain and frustration, is also
non-consensual, given that it is conducted on living beings
that did not voluntarily agree to participate in the research.
Despite technological advances in alternative methods, it
is estimated that scientific research uses around 100 mil-
lion animals every year worldwide.!”"

The use of animals in several studies remains unac-
ceptable to some people, even to some researchers, due to
their constant concern for animal welfare. However, some
important pieces of information are not always externalized,
such as animal care during the investigation and the role
of the veterinarian in this process, ensuring that it is pos-
sible to balance scientific goals and animal welfare.2*!

Most scientists and some members of the general
public, nevertheless, agree that animal testing should be
allowed where there are no other viable alternatives and
provided that it is carried out under strict regulations.
They believe it is useful to investigate disease mechanisms,
validate new drugs, and to provide information on drug
toxicity and interactions.”

The search for alternatives to animal experimentation,
including its educational aspect, is experiencing intense
evolution. These methods can be any given choice that
can replace, reduce or refine the use of animals in bio-
medical research, testing or teaching. In the latter, animal
experimentation can practically be replaced altogether
without major impairment to learning.!**

Some authors suggest the use of alternative techniques
to animal testing, since they consider it an immoral and
ineffective practice. These methods include in vitro tests
(tissues and cells); the use of vegetables; non-invasive
clinical studies in human volunteers; conducting studies
with corpses instead; the use of lower organisms that are
not classified as protected animals (shrimp and water flea
larvae); physicochemical techniques; computer simula-
tions; educational software; films; mathematical models;
nanotechnology; and test dummies.??

Computer models run on specialized software and
lower organisms (Figure 3) are the alternatives of choice
for assessing the biological effectiveness of active drugs
and molecular/genetic studies, respectively.

The use of porcine small intestine and pork belly skin
has proved useful in teaching suturing, grafting and surgical
knotting techniques. Still, the absence of bleeding restricts
the training for hemostasis, which is thus a limiting factor."”*?

The embryo of zebra fish (Danio-rerio) is considered
a promising model for predicting toxicity in vertebrates,
including humans. Its rapid development and transpar-

FIGURE 3 Use of inferior organisms as an alternative method to

the use of vertebrate animals.

ency facilitate the evaluation of phenotypic effects, mak-
ing it an effective model for the study of human diseases.**

Still, these alternative methods are at different stages
of development and validation. This is a difficult and slow
process, since it entails collaborative studies, which are in
turn carried out in several places, and the analysis of inter-
and intra-laboratory variations.?? They must undergo a
series of evaluations, such as effectiveness, safety, toxicity,
specificity, sensitivity and predictive value, before they can
eventually be validated as alternative methods.?

Animal experimentation is still necessary for certain
teaching and research practices, since there is still no
sufficient technology to replace it altogether,? but there
has been a clear reduction in the number of studies in-
volving animals over the last decades.”

It is undeniable that in vivo animal experimentation
has contributed to biological development and biomed-
ical research, yet it is also associated with high production
costs and strict ethical considerations. These limitations
led to the development of a cost-effective ex vivo model
that can effectively replace in vivo and in vitro models,
thus contributing to animal welfare.*

Ex vivo models can be used to develop new therapies
in which the disease can be identified at an earlier stage
and treated with very advanced techniques. In dentistry,
with the development of an ex vivo culture model, the in-
vestigation of inflammatory cell behavior and metabolism
in different types of periodontal disease has become easy.*2¢

INVESTIGATORS’ ETHICS
The behavior of investigators and professionals who use
animals in research has been changing based on the latest
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technology and science advances pertaining to laborato-
ry animals. Currently, animal sensitivity is known to be
similar to that of humans in regards to pain, memory,
anguish and survival instinct.?® For this reason, it is the
investigator’s responsibility to monitor the animals op-
erated on and recognize the signs of distress. There is no
justification for the absence of analgesia in those animals
undergoing invasive experimental surgery.”’

Scientists are accountable for providing high-quality
care to laboratory animals, such as easy access to water
and a nutritious diet; prevention of and relief from pain,
injury and disease; and appropriate housing for the spe-
cies.”® Conducting research is not permitted in cases where
the damage to the animal is greater than the gain in knowl-
edge, since no scientific advance can be justified based on
the suffering of other living beings.? In addition to en-
suring animal welfare, researchers must comply with the
relevant legislation. Also, it is their responsibility to inquire
about the subject.'?

A clear legislation is mandatory, as well as conducting
well-delineated research.? Whenever animal experimen-
tation is involved, it is necessary to invest time in appro-
priately designing the project in order to justify the eth-
ical argument for carrying out the scientific investigation,
especially when determining the number of animals
needed for ensuring reproducible results.®

One should perform all experiments ethically and
with a justification, not abusing one’s human right over
animals and in such a manner as to avoid their suffering.'?
Itis important that the use of animal testing be discussed
especially in universities, from where future researchers
will emerge.?

Scientists should make the best of their knowledge
and experience so they can share with the general public
the reasons why animal studies are important for scien-
tific breakthroughs. All institutions engaged in animal
research also have a moral obligation to play a more active
role than they are currently doing in fostering education
and maintaining a dialog with the general public. They
should not only promote the evidence, but also share how
they conduct their research and provide care to the animals
involved.”12

FINAL CONSIDERATIONS

It is evident that the use of animals in both research and
teaching has offered great contributions, especially to
health sciences as they allowed for many important
discoveries, such as the development of new drugs and
treatments, as well as the understanding of certain bi-
ological phenomena. However, activists fighting against

this type of activity are still present, always emphasizing
animal welfare and preventing cases of cruelty from
against them.*¢

The principle of the 3Rs (Replace, Reduce, Refine)
represents great progress in favor of the animals.*® In spite
of that, it is necessary to think in an integrative manner,
since reducing the number of animals would be pointless
if the tests being carried out are of little significance, there-
by invalidating the experiment as a whole. Similarly, there
would be no use in reducing the number of animals with-
out considering their suffering. This theory seeks full
replacement of animal experimentation with alternative
models. Nevertheless, it is still hard to imagine certain
scientific research projects that involve more complex
systems without using this resource.*?

Before beginning any experiment, the researcher should
be familiar with the particularities of the species, as well as
thoroughly plan the research project in order to avoid
unnecessary use of living animals. It is also the researcher’s
responsibility to provide the animals with adequate hous-
ing conditions so as to ensure their welfare and avoid any
kind of pain, suffering and stress. Environmental enrich-
ment is a way towards achieving this goal. Stress, in addition
to affecting the behavior and physiology of the species,
ends up interfering with the reliability of the research.68!213

The experiments must be performed in an ethical
manner and be justified, in such a way so as to avoid caus-
ing pain, suffering and stress to the animals during the
research.’® Whenever possible, alternative methods to
using living animals should be chosen, such as in vitro
testing, cadaveric studies, and computer simulations.?

ConcLusION

The use of animals, both in teaching and research, still
raises many controversies. Still, it cannot be denied that
various substances that are essential to human health,
such as medicines and vaccines, have been and will con-
tinue to be developed thanks to these experiments.

One must take into consideration the cost-benefit
ratio of this type of scientific study, since animals are
sentient beings and should not be used unnecessarily.
Investigators are accountable for watching over the welfare
of these laboratory animals, avoiding any kind of pain
and suffering. Additionally, alternative methods should
be used whenever possible.

Whenever necessary, either following the termination
of experiments or during any of their stages, painless
euthanasia of the animals is recommended, with a rapid
loss of consciousness and followed by cardiorespiratory
arrest and damage to the brain function.
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The Guidelines Project, an initiative of the Brazilian Medical Association, aims to combine information from the medical field in order to standardize

procedures to assist the reasoning and decision-making of doctors.

The information provided through this project must be assessed and criticized by the physician responsible for the conduct that will be adopted, depending

on the conditions and the clinical status of each patient.

GRADES OF RECOMMENDATION AND LEVELS

OF EVIDENCE

e A: Experimental or observational studies of higher
consistency.

e B: Experimental or observational studies of lower
consistency.

e C: Cases reports (non-controlled studies).

e D: Opinion without critical evaluation, based on con-
sensus, physiological studies or animal models.

OBJECTIVE

The objective of this guideline is to present the main avail-
able evidence comparing transurethral resection of the
prostate with laser prostatectomy (PVP) in patients with
benign prostatic hyperplasia (BPH) in relation to the main
peri- or postoperative outcomes, allowing the formalization
of recommendations directly supported by such evidence.

DESCRIPTION OF EVIDENCE COLLECTION METHOD
This guideline followed the standard of a systematic review
with evidence retrieval based on the EBM (evidence-based
medicine), so that clinical experience is integrated with
the ability to critically analyze and apply scientific infor-
mation rationally, thus improving the quality of medical
care. EBM uses existing and currently available scientific
evidence, with good internal and external validity for the
application of its results in clinical practice.'*
Systematic reviews are currently considered the level
I of evidence for any clinical question by systematically
summarizing information on a particular topic through

primary studies (clinical trials, cohort studies, case-control
or cross-sectional studies) using a reproducible method-
ology, in addition to integrating information on effective-
ness, efficiency, efficacy and safety.!?

We use the structured mode of formulating the ques-
tion synthesized by the acronym PICO, where P stands
for patient or population presenting prostatic hyperpla-
sia, I stands for intervention with laser prostatectomy
(PVP), C stands for comparison with transurethral resec-
tion of the prostate and O stands for the outcome of’
efficacy and harm. Based on the structured question, we
identified the descriptors that formed the basis of the
search for evidence in the following databases: Medline,
Embase, Central Cochrane, Cochrane Library. Thus, 367
studies were retrieved, and, after applying the eligibility
criteria (inclusion and exclusion), 11 were selected to
answer the clinical question (Annex I).

CLINICAL QUESTION
What is the effectiveness of laser prostatectomy (PVP) in
patients with benign prostatic hyperplasia?

INTRODUCTION

Benign prostatic hyperplasia (BPH) is a common disease
with high morbidity in the elderly. Patients with urinary
symptoms, mainly obstructive, may require surgical
treatment, which is usually performed through trans-
urethral resection of the prostate (conventional TURP).
Complications of the procedure include bleeding, TURP
syndrome (water intoxication), urinary incontinence,
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urinary retention and sexual dysfunction, especially
regarding ejaculation function.

In an attempt to reduce morbidity, the development
of new alternative surgical procedures has been encour-
aged, including photoselective vaporization of the pros-
tate (PVP) using laser.

The laser emits light at a wavelength of 532 nm, which
will be absorbed by hemoglobin, leading to heating of the
prostatic tissue. In the beginning, PVP was performed with
potassium-titanyl-phosphate (KTP) laser at 60 W and later
at 80 W. Then, laser prostatectomy (PVP) using a high-per-
formance system (HPS) 120 W laser or XPS 180 W laser was
introduced, aiming at reducing the limitations of KTP, as
well as improving results compared with conventional TURP.

The goal is to reduce hospitalization time, bleeding,
and other complications, but there is some doubt as to the
effectiveness of laser treatment with regard to the replace-
ment of conventional TURP as a first-line treatment.

SELECTED EVIDENCE RESULTS
Patients (> 50 years) with urinary flow (UF) < 15 mL/s; pros-
tate symptoms score (IPSS) > 12; prostatic volume (PV):
15-85 cm?® (USG); obstruction (AG nomogram) (N: 76), were
treated with PVP using KTP 80 W laser and star pulse qua-
sicontinuous wave laser (laserscope) emitting green light
at a wavelength of 532 nm (N: 38) compared with trans-
urethral resection of the prostate (conventional TURP)
(N: 38), with the following outcomes being assessed: urinary
flow, international prostate symptoms score (IPSS), qual-
ity of life score (QoL), bother score, postvoid residual vol-
ume (PVRV), surgical time, PO Hb, length of catheterization
and length of hospitalization after 6 weeks and at 3, 6 and
12-month follow-up. The use of laser leads to significant
increase in UF (mL/s), decline in IPSS, increase in quality
of life (QoL), increase in bother score, increase in postvoid
residual volume (PVRV) (mL), shorter bladder irrigation
time (min) and shorter length of hospitalization (days),
and less decrease in hemoglobin levels (g/dL). There is no
difference in surgical time (min).* (B)

In patients aged 68 years, BPH; PV: 70 to 100 mL; UF <
15 mL/s; PVRV > 150 mL; IPSS > 7 (N: 76), PVP with KTP/532
high-power laser emitting green light (80W) (N: 39) was
compared with transurethral resection of the prostate
(conventional TURP) (N: 37), and the following outcomes
were assessed: IPSS and IIEF-5 scores; PV; PVRV; UF; uri-
nary retention; transfusion; re-intervention after 6 months.
There was a significant benefit with the use of PVP laser
in relation to all analyzed outcomes; however, there was
an increased risk of urinary retention (NNH: 8) and re-
intervention (NNH: 6).* (B)

Patients with BPH; IPSS > 16; UF < 15 mL/s; PV < 100
mL; PVRV < 100 mL (N: 120) treated with HPS 120-W laser
using lithium triborate (LBO) crystal, producing 532-nm
waves (N: 60) or transurethral resection of the prostate (con-
ventional TURP) (N: 60) were assessed regarding surgical
time; Hb; transfusion; length of catheterization; length of
hospitalization; complications; IPSS; PVRV; PV; UF at 1, 3,
6,12, 24 and 36 months. The use of laser compared with
conventional TURP significantly increased the outcome of
surgical time, but reduced the outcomes of bleeding, length
of catheterization and length of hospitalization. There is a
decline in the risk of transfusions (NNT: 6) and intraopera-
tive complications (NNT: 5), but also an increase in the num-
ber of early (NNH: 2) and late (NNH: 8) complications.® (B)

PVP treatment using HPS 120-W laser in 50 patients
was compared with transurethral resection of the pros-
tate (conventional TURP) in other 50 patients, the fol-
lowing inclusion criteria being adopted: BPH; IPSS > 15;
PV < 80 cm?; urinary flow < 15 mL/s. At 1, 3, 6,12 and 24
months, the following outcomes were assessed: IPSS;
urinary flow; surgical time; Hb; transfusion; complications;
length of hospitalization; length of catheterization. The
results of laser intervention reduced blood loss, length of
catheterization and length of hospitalization compared
with conventional TURP. Nevertheless, they increased
surgical time. Regarding catheterization with a probe < 20
Fr, intraoperative and late complications, there is a benefit
to using laser with NNT = 1, 10 and 6, respectively.® (B)

In patients with BPH; > 50 years; IPSS > 12 and both-
er score > 3; Qmax < 12 mL/s; prostatic volume between
25 mL and 80 mL; PVRV < 300 mL (N: 139), two treatment
modalities were compared: PVP HPS 120-W laser (N: 69)
and transurethral resection of the prostate (convention-
al TURP) (N: 70) based on IPSS; length of hospitalization;
Qmax; PVRV; complications; sexual symptoms; quality
of life at 12 months. Only surgical time was shorter using
laser treatment, while none of the other outcomes pre-
sented significant differences, although length of hospi-
talization was shorter with conventional TURP.” (B)

Bleeding (measured by Hb) and length of catheteriza-
tion were less noticeable in 64 patients with BPH (age >
50 years; IPSS > 7; prostatic volume > 20 and < 80 cc;
urinary flow (Q max) < 15 mL/s) treated with PVP (laser
emitting green light at a wavelength of 532 nm, 30 to
80W) compared with 64 patients treated with conven-
tional TURP, at 12-month follow-up. Nevertheless, surgi-
cal time was longer in the group treated with PVP.? (B)

In patients with lower urinary tract symptoms due
to BPH (N: 20) treated with PVP HPS 120-W laser) or
transurethral resection of the prostate (conventional
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TURP), there is no difference between the two treatment
modalities regarding outcomes expressed by IPSS, IIEF-5
and ICIQ-SF scores, or the following measures: PVRV and
Qmax, at 12-month follow-up.’ (B)

In patients with BPH, IPSS > 15, treatment failure, Qmax
<15 mL/s and prostatic volume < 100 mL (N: 200), com-
parison between PVP (HPS with 80-W KTP laser) (N: 100)
and transurethral resection of the prostate (conventional
TURP) (N: 100) made it possible to assess the outcomes of
length of catheterization, length of hospitalization, peri-
and postoperative complications, IPSS and QoL, Qmax,
PVRV and prostatic volume, at 1, 3, 6, 12, 24 and 36-month
follow-up. The outcomes measured at 24 months did not
present significant difference between the two treatment
modalities in relation to the scores: quality of life (QoL),
IPSS, urinary flow, PVRV and PO Hb. But there was sig-
nificant benefit in favor of the laser in the following out-
comes: prostatic volume, length of catheterization and
length of hospitalization. Conventional TURP yielded a
shorter surgical time. Regarding complications, there was
a decline in the rate of transfusion and perforation of the
prostatic capsule with the use of the laser.® (B)

Patients with BPH and moderate or severe lower urinary
tract symptoms (IPSS >16), therapeutic failure, maximum
flow rate (Qmax) < 15 mL/s, PVRV > 100 mL and prostatic
volume < 100 mL (N: 62) were treated comparatively with
PVP (HPS 180-W laser) (N: 31) and transurethral resection
of the prostate (conventional TURP) (N: 31). At the 12-month
follow-up, surgical time was longer using laser, but the
lengths of hospitalization and catheterization were shorter,
with lower rates of transfusion (NNT: 5) and perforation
(NNT: 6). The other outcomes did not differ: hemoglobin
and transfusion, other peri- and postoperative complications,
IPSS, QoL, Qmax, PVRV and prostatic volume.'! (B)

Except for a shorter length of hospitalization, the
treatment of patients with symptoms of BPH obstruc-
tion; 64 years; IPSS > 7; Qmax < 15 mL/s; prostatic vol-
ume < 80 mL; PVRV > 150 mL (N: 124) with PVP 120-W
laser (N: 60), compared with transurethral resection of
the prostate (conventional TURP) (N: 64), failed to dem-
onstrate superiority or inferiority when analyzed in rela-
tion to the following outcomes: IPSS; length of hospital-
ization; Qmax; PVRV; complications; sexual symptoms;
re-intervention or transfusion at 24 months.'? (B)

In patients with lower urinary tract symptoms due
to BPH with obstruction; aged 40 to 80 years; IPSS > 12;
Qmax < 15 mL/s; prostatic volume < 100 mL (N: 281),
there was no difference between treatment with transure-
thral resection of the prostate (conventional TURP) (N:
142) and PVP with 180-W XPS laser vaporization (N: 139),

at 24 months, regarding the following outcomes: quality
of life (QoL); IPSS; urinary flow (mL/s); PVRV; prostatic
volume; re-treatment and complications."* (B)

EVIDENCE SUMMARY

There is evidence, with high risk of bias, of the benefit of
laser prostatectomy (PVP) in patients with BPH compared
to conventional TURP regarding UF, IPSS, QoL, bother score,
ITEF-S score, postvoid residual volume (PVRV), bladder ir-
rigation/length of catheterization, length of hospitalization
(days), Hb decline, prostatic volume, urinary retention, trans-
fusion (NNT: 6), re-intervention (?), intraoperative compli-
cations (NNT: 5), early (NNT: 10) and late (NNT: 6) com-
plications at different times, from 6 to 24 months.

There is evidence, with the same high risk of bias, of
lower PVP benefit compared to conventional TURP regard-
ing risk of urinary retention (NNH: 8), re-intervention
(NNH: 6), surgical time, number of early (NNH: 2) and late
(NNH: 8) complications, as well as length of hospitalization.

There is no difference between the two treatment mo-
dalities in relation to the outcomes expressed by the scores:
IPSS, IIEF-5 and ICIQ-SF, or the following measurements:
urinary flow, PVRV, prostatic volume and Qmax, length of
hospitalization, complications, sexual symptoms, re-inter-
vention, need for transfusion or re-treatment at 12 to 24
months of follow-up.

RECOMMENDATION

Due to controversies regarding the superiority or inferior-
ity of treatment of benign prostatic hyperplasia using
laser PVP compared to transurethral resection, it is not
possible to recommend treatment with PVP instead of
conventional TURP. (C)

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1. Nobre MR, Bernardo WM, Jatene FB. A prética clinica baseada em evidéncias. Par-
te I - Questdes clinicas bem construidas. Rev Assoc Med Bras. 2003; 49(4):445-9.

2. Bernardo WM, Nobre MR, Jatene FB. A pritica clinica baseada em evidén-
cias. Parte I - Questdes clinicas bem construidas. Rev Assoc Med Bras. 2004;
50(1):104-8.

3. Bouchier-Hayes DM, Anderson P, Van Appledorn S, Bugeja P, Costello AJ.
KTP laser versus transurethral resection: early results of a randomized trial.
J Endourol. 2006; 20(8):580-5.

4. Horasanli K, Silay MS, Altay B, Tanriverdi O, Sarica K, Miroglu C.
Photoselective potassium titanyl phosphate (KTP) laser vaporization versus
transurethral resection of the prostate for prostates larger than 70 mL: a
short-term prospective randomized trial. Urology. 2008; 71(2):247-51.

5. Al-Ansari A, Younes N, Sampige VP, Al-Rumaihi K, Ghafouri A, Gul T, et al.
GreenLight HPS 120-W laser vaporization versus transurethral resection of
the prostate for treatment of benign prostatic hyperplasia: a randomized
clinical trial with midterm follow-up. Eur Urol. 2010; 58(3):349-55.

Rev Assoc Mep Bras 2017; 63(11):929-940

931



Nunes RLV e AL,

6. Capitan C, Blazquez C, Martin MD, Herndndez V, de la Pefia E, Llorente C.
GreenLight HPS 120-W laser vaporization versus transurethral resection of
the prostate for the treatment of lower urinary tract symptoms due to benign
prostatic hyperplasia: a randomized clinical trial with 2-year follow-up. Eur
Urol. 2011; 60(4):734-9.

7. Lukacs B, Loeffler ], Bruyere F, Blanchet P, Gelet A, Coloby P, et al. ; REVAPRO
Study Group. Photoselective vaporization of the prostate with GreenLight
120-W laser compared with monopolar transurethral resection of the prostate:
a multicenter randomized controlled trial. Eur Urol. 2012; 61(6):1165-73.

8. Mohanty NK, Vasudeva P, Kumar A, Prakash S, Jain M, Arora RP.
Photoselective vaporization of prostate vs. transurethral resection of prostate:
a prospective, randomized study with one year follow-up. Indian J Urol.
2012; 28(3):307-12.

9. Pereira-Correia JA, de Moraes Sousa KD, Santos JB, de Morais Perpétuo D,
Lopes-da-Silva LF, Krambeck RL, et al. GreenLight HPS™ 120-W laser
vaporization vs transurethral resection of the prostate (<60 mL): a 2-year
randomized double-blind prospective urodynamic investigation. BJU Int.
2012; 110(8):1184-9.

10. Xue B, Zang Y, Zhang Y, Yang D, Gao J, Sun C, et al. GreenLight HPS 120-
W laser vaporization versus transurethral resection of the prostate for
treatment of benign prostatic hyperplasia: a prospective randomized trial.
J Xray Sci Technol. 2013; 21(1):125-32.

11.  Jovanovi¢ M, DZzami¢ Z, A¢imovi¢ M, Kajmakovi¢ B, Pej¢i¢ T. Usage of
GreenLight HPS 180-W laser vaporisation for treatment of benign prostatic
hyperplasia. Acta Chir Iugosl. 2014; 61(1):57-61.

12.  Telli O, Okutucu TM, Suer E, Burgu B, Gulpinar O, Yaman O, et al. A prospective,
randomized comparative study of monopolar transurethral resection of the
prostate versus photoselective vaporization of the prostate with GreenLight
120-W laser, in prostates less than 80 cc. Ther Adv Urol. 2015; 7(1):3-8.

13. Thomas JA, Tubaro A, Barber N, d’Ancona F, Muir G, Witzsch U, et al. A
multicenter randomized noninferiority trial comparing GreenLight-XPS
laser vaporization of the prostate and transurethral resection of the prostate
for the treatment of benign prostatic obstruction: two-yr outcomes of the
GOLIATH Study. Eur Urol. 2016; 69(1):94-102.

14.  Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ,
et al. Assessing the quality of reports of randomized clinical trials: is blinding
necessary? Control Clin Trials. 1996; 17(1):1-12.

15.  Goldet G, Howick J. Understanding GRADE: an introduction. J Evid Based
Med. 2013; 6(1):50-4.

16.  Wells G, Shea B, O’Connell D, Robertson J, Peterson J, Welch V, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. Eur J Epidemiol. 2011; 25:603-5.

17.  Levels of Evidence and Grades of Recommendations - Oxford Centre for
Evidence Based Medicine. Available from: http://cebm.jr2.ox.ac.uk/docs/
old_levels.htm.

ANNEX |

Clinical question
What is the effectiveness of laser prostatectomy (PVP) in
patients with benign prostatic hyperplasia?

Structured question

e P: Prostatic hyperplasia

e I Laser prostatectomy (photoselective vaporization of
the prostate [PVP])

e C:Transurethral resection of the prostate

O: Effectiveness and harm

Search strategy
e #1 - (Prostatic Hyperplasia OR Prostatic Hypertrophy
OR Prostatic Adenoma)

e #2 - (Laser Therapy OR Laser OR Lasers OR Greenlight)
e #3 - Random*
o #4 - Systematic[sb]

1 RETRIEVAL = (#1 AND #2 AND #3) OR (#1 AND
#2 AND #4) = 367

((Prostatic Hyperplasia OR Prostatic Hypertrophy
OR Prostatic Adenoma) AND (Laser Therapy OR Laser
OR Lasers OR Greenlight) AND Random*)) OR ((Pros-
tatic Hyperplasia OR Prostatic Hypertrophy OR Pros-
tatic Adenoma) AND (Laser Therapy OR Laser OR Lasers
OR Greenlight) AND Systematic[sb]))

Articles retrieved

The obtaining of evidence to be used to analyze the clin-
ical question followed the steps of: elaboration of the clin-
ical question, structuring of the question, search for evi-
dence, critical evaluation and selection of evidence,
presentation of results and recommendations.

The bases of scientific information consulted were:
Medline via Pubmed, Embase, Central Cochrane and
Cochrane Library.

A total of 367 articles were retrieved, of which 22 were
selected after reading the title and abstract; of these 11
had the full text accessed to answer the proposed clinical

3-13

question (Table 1).

Inclusion and exclusion criteria

Phase III randomized controlled clinical trials, systemat-
ic reviews (with or without meta-analyzes), comparative
(or non-comparative) studies were included, and, in their
absence, the best evidence available to answer the clini-
cal question within the limits of PICO.

According to study design

Narrative reviews, case reports, case series, studies present-
ing preliminary results only were, in principle, excluded
from the selection. Systematic reviews and meta-analyzes
were used with the principle of retrieving references that
may have been lost since the initial search strategy. Con-
trolled clinical trials were assessed based on the Jadad'
and GRADE'" scores.

Language
We included studies available in Portuguese, English
or Spanish.

According to type of publication
Only full-text studies were considered for critical assessment.
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Critical appraisal method

After applying the inclusion and exclusion criteria,
whenever the selected evidence was defined as a ran-
domized controlled trial (RCT), an appropriate Crit-
ical Assessment Checklist was applied (Table 2). The
critical evaluation of the RCT allows classification
according to the Jadad score,' so that Jadad < three
(3) trials are considered inconsistent (grade B), while
those scoring > three (3) are found consistent (grade

A), and according to the GRADE classification’® (strong
or moderate evidence).

If the selected evidence was defined as a comparative
study (observational cohorts or non-randomized clini-
cal trial), an appropriate critical evaluation check-list
was applied (Table 3), allowing the classification of the
study according to the New Castle Otawa Scale,'® so that
cohort studies presenting a score > 6 would be consistent,
while those scoring < 6 would be inconsistent.

TABLE 2 Script for critical evaluation of randomized controlled clinical trials.

Study data

References, study design, Jadad, strength of evidence

Sample calculation

Estimated differences, power, level of significance, total of patients

Patient selection

Inclusion and exclusion criteria

Patients

Recruited, randomized, prognostic differences

Randomization

Description and blinded allocation

Patient follow-up

Time, losses, migration

Treatment protocol

Intervention, control and blinding

Analysis

Intention to treat, analyzed, intervention and control

Outcomes considered

Primary, secondary, outcome measurement instrument

Result

Benefit or harm in absolute data, mean benefit or mean harm

TABLE 3 Script for critical appraisal of cohort studies.

Representativeness of  Definition of ~ Demonstration that the

exposed studies and the exposure  outcome of interest was

selection of (max. 1 not present at the

non-exposed studies point) beginning of the study

(max. 2 points) (max. 1 point)

Comparability Outcome Appropriate Score and level

based on design assessment follow-up time  of evidence

or analysis (max. 1 point)  (max. 2 points)

(max. 2 points)

TABLE 4 Description of biases in the selected studies.

Study Question Randomization Allocation Blinding Losses Prognosis Outcomes ITT analysis
Bouchier-Hayes DM 2006  Yes No No No Yes (< 20%) Yes Yes No

Horasanli K 2008 Yes No No No No Yes Yes No

Al-Ansari A 2010 Yes Yes No No Yes (< 20%) Yes Yes Yes

Capitan C 2011 Yes Yes Yes No Yes (< 20%) Yes Yes No

Mohanty NK 2012 Yes No No No Yes (< 20%)  Yes Yes No

Lukacs B 2012 Yes Yes Yes No Yes (< 20%) Yes Yes Yes
Pereira-Correia JA 2012 Yes Yes No No No Yes Yes No

Xue B 2013 Yes Yes No No No Yes Yes No

Jovanovi¢ M 2014 Yes Yes No No No Yes Yes No

Telli © 2015 Yes Yes Yes No Yes (< 20%) Yes Yes No
Thomas JA 2016 Yes Yes Yes No Yes (< 20%) Yes Yes No
Rev Assoc Mep Bras 2017; 63(11):929-940 935
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Exposure of results

For results with available evidence, the population, in-
tervention, outcomes, presence or absence of benefit and/
or harm, and controversies will be defined in a specific
manner, whenever possible (Table 5).

The results will be preferably expressed in absolute
data, absolute risk, number needed to treat (NNT), or
number needed to harm (NNH), and occasionally using
mean and standard deviation (Tables 6-16).

Recommendation
The recommendations will be elaborated by the au-
thors of the review, with the initial characteristic of
synthesis of the evidence, and later validated by all
the authors who participate in the elaboration of this
guideline.

The grade of recommendation stems directly from
the available strength of included studies, according
to the Oxford scale!” and the GRADE system.'

TABLE 5 Worksheet used to describe and present the results of each study.

Evidence included

Study design

Population selected

Follow-up time

QOutcomes considered

Expression of results: percentages, risk, odds, hazard ratio, mean

TABLE 6 Results of the selected study.
Bouchier-Hayes DM 20063

Outcomes Mean (SD) of the intervention (38) Mean (SD) of the comparison (38) Significance
Increase in flow (mL/s) 11.96+8.23 8.56+9.08 p<0.05
Decline in IPSS 14.0+9.8 12.9+10.6 p<0.05
Decline in QoL 2.65+2.1 2.91+2.04 p<0.05
Decline in bother score 1.91£1.29 1.61£1.22 p<0.05
Post-void residual volume (mL) 125198 86+124.38 p<0.05
Surgical time (min) 30.24 (9-70) 31.33 (5-70) NS

Time of irrigation (min) 12.2+8.6 44.52+30.23 p<0.05

Time of hospitalization (days) 1.08+0.28 3.39£1.17 p<0.05
Decline in hemoglobin levels (g/dL) ~ 0.45+0.7 1.5£0.15 p<0.05

TABLE 7 Results of the selected study.

Horasanli K 2008*

Mean (SD) of the

intervention (39)

Outcomes (6 months)

Mean (SD) of the

comparison (37)

Significance

Urinary flow (mL/s) 13.3£7.9 20.7+11.3 p<0.05
IPSS 13.1£5.8 6.4+7.9 p<0.05
IIEF-5 19£5.2 21+6.8 p<0.05
Post-void residual volume (mL)  78.9+62.1 22.9+18.7 p<0.05
Surgical time (min) 87+18.3 51£17.2 p<0.05
Length of catheterization (days) 1.7+0.8 3.9£1.2 p<0.05
Length of hospitalization (days) 2+0.7 4.8+1.2 p<0.05
Outcome No. of events No. of events Risk Risk Reduction 95CI NNT/
intervention (39) control (37)  intervention % control % increase % NNH
Urinary retention 6 1 15.3 2.7 12.6 (ARI) 0.21to 8 (NNH)
25.15
Transfusion 0 3 0 8.1 8.1 (ARR) NS NS
Re-intervention 7 17.9 17.9 (ARI) 5.90to 6 (NNH)
29.99
936 Rev Assoc Mep Bras 2017; 63(11):929-940
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TABLE 8 Results of the selected study.

Al-Ansari A 2010°

Outcomes Mean (SD) of the intervention (60) Mean (SD) of the comparison (60) Significance

Urinary flow (mL/s) NS NS NS

IPSS NS NS NS

Hemoglobin (intraoperative) 13.1£1.5 11.3£1.9 p<0.05

Post-void residual volume (mL) NS NS NS

Prostatic volume NS NS NS

Surgical time (min) 89+18 80+13 p<0.05

Length of catheterization (days) 1.4+0.6 2.7%0.9 p<0.05

Length of hospitalization (days) 2.3+1.2 4.1+0.6 p<0.05

Outcome No. of events No. of events Risk Risk Reduction  95CI NNT/

intervention (60) control (60) intervention % control % increase % NNH

Transfusion 0 0 17.95 1795 (ARR)  5.90to 6 (NNT)
29.99

Intraoperative complications 0 0 20 20 (ARR) 9.87to 5 (NNT)
30.12

Early complications 56 93.33 31.67 61.67 (ARI)  4831to 2 (NNH)
75.02

Late complications 10 16.67 5 11.67 (ARI) 0.74to 8 (NNH)

22.59

TABLE 9 Results of the selected study.

Capitan C 20116

Outcomes Mean (SD) of the intervention (50) Mean (SD) of the comparison (50) Significance

Urinary flow (mL/s) 22.56 21.98 NS

IPSS 8 8.57 NS

Decline in hemoglobin levels (g/dL) 0.65+1.31 2.30+4.36 p<0.05

Prostatic volume 2717 23.8 NS

Surgical time (min) 54.13+14.40 48.15+14.71 p<0.05

Length of catheterization (h) 23+22 72+48 p<0.05

Length of hospitalization (days) 1.6 (1-5) 3.6+2.1 p<0.05

Outcome No. of events No. of events Risk Risk Reduction 95CI NNT/

intervention (50) control (50) intervention % control % increase % NNH

Cateter < 20F 50 8 100 16 84 (ARR) 73.94t0 1
9416  (NNT)

Intraoperative complications 0 5 0 10 10 (ARR) 1.68 to 10
18.31  (NNT)

Early complications 14 8 28 16 NS NS NS

Late complications 7 16 14 32 18 (ARR) 1.8 to 6

34.11 (NNT)
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TABLE 10 Results of the selected study.
Lukacs B 20127

Outcomes - 12 months Mean (SD) of the Mean (SD) of the Significance
intervention (69) comparison (70)

QoL 75 (60-85) 77 (69.5-87.5) NS

IPSS 6.26 (3.23-9.30) 7.94 (4.9-10.97) NS

Urinary flow (mL/s) 16.7 (12-22.7) 16.8 (12.1-24.9) NS

PVRV 7 (0-32) 0 (0-43) NS

Prostatic volume 30 (22-40) 24.7 (18.5-35) NS

Sexual satisfaction 2(1-4) 2(1-4) NS

Surgical time (min) 55 (45-65) 71(55-95) p<0.05

Length of hospitalization (days) 2.5 (2-3.5) 1(1-2) p<0.05

Outcome No. of events No. of events Risk Risk Reduction 95CI NNT/
intervention (69) control (70) intervention % control %  increase % NNH

Complications 18 27 26.5 39.7 NS NS NS

TABLE 11 Results of the selected study.

Mohanty NK 20128

Outcomes — 12 months ~ Mean (SD) of the intervention (52) Mean (SD) of the comparison (50) Significance

QoL 1.52+0.50 1.48+0.50 NS

IPSS 5.96+1.98 6.00£1.95 NS

Urinary flow (mL/s) 20.12+3.99 19.77+3.12 NS

PVRV 23.94+13.26 20.40+12.73 NS

Prostatic volume 26.27+7.35 26.0+8.88 NS

Hemoglobin (g/dL) 12.42+1.32 11.16+1.31 p<0.05

Surgical time (min) 53.72+10.23 42.77+12.93 p<0.05

Length of catheterization (h)  24.65+2.98 49.23+£14.17 p<0.05

Outcome No. of events No. of events Risk Risk Reduction 95CI NNT/
intervention (60) control (57) intervention %  control % increase % NNH

Complications 26 28 43.33 49.12 NS NS NS

TABLE 12 Results of the selected study.
Pereira-Correia JA 2012°

Outcomes — 12 months ~ Mean (SD) of the intervention (10) Mean (SD) of the comparison (10) Significance
ICIQ-SF 0 (0) 0 (0) NS

IIEF-5 23 (22-24) 23 (22-24) NS

IPSS 6 (2-10) 6 (1-12) NS

Urinary flow (mL/s) 22.2(12-38) 18 (10-28) NS

PVRV 2 (0-10) 2.5 (0-20) NS

BOOI 12 (-4 to -68) 1.2 (-4t0 -14) p<0.05
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TABLE 13 Results of the selected study.

Xue B 2013
Outcomes - 24 months Mean (SD) of the intervention (100)  Mean (SD) of the comparison (100)  Significance

QoL 1 1.2 NS

IPSS 10.4 9.1 NS

Urinary flow (mL/s) 19.6 20.9 NS

PVRV (mL) 14.4 15.7 NS

Prostatic volume 33.8 23.8 p<0.05

Hemoglobin 13.9+1.8 12.1+1.6 NS

Surgical time 52.3+15.4 47.6£14.2 p<0.05

Length of catheterization ~ 1.9+0.8 3.6x1.7 p<0.05

Length of hospitalization ~ 4.3+1.5 6.8+2.1 p<0.05

Outcome No. of events No. of events Risk Risk Reduction 95ClI NNT/
intervention (100)  control (100)  intervention % control % increase % NNH

Transfusion 0 4 0 4 4 (ARR) 0.15t07.8 25

TURP syndrome 0 0 0 0 NS NS NS

Perforation 0 5 0 5 5 (ARR) 0.7t09.2 20

Infection 4 5 0 5 NS NS NS

Dysuria 9 8 9 8 NS NS NS

Incontinence 3 4 3 4 NS NS NS

Urethral stricture 5 2 5 2 NS NS NS

Re-intervention 4 1 4 1 NS NS NS

TABLE 14 Results of the selected study.

Jovanovié M 2014

Outcomes — 12 months Mean (SD) of the intervention (31) Mean (SD) of the comparison (31) Significance

IPSS 5.2 4.8 NS

Urinary flow (mL/s) 18.7 18.5 NS

Surgical time 92+18 8213 p<0.05

Length of hospitalization 1.9£0.8 4.4+0.6 p<0.05

Hemoglobin 13.2+1.5 11.7£1.9 NS

Length of catheterization 1.1£0.6 2.9+0.9 p<0.05

Outcome No. of events No. of events Risk Risk Reduction 95Cl NNT/
ntervention (31)  control (31) intervention % control % increase % NNH

Transfusion 0 6 0 19.4 19.4 (ARR) 5.4t033.2 5

Clot retention 0 2 0 6.4 NS NS NS

Urethral stricture 1 4 3.2 12.9 NS NS NS

Perforation 0 5 0 16.1 16.1 (ARR) 3.1t029.0 6

Dysuria/urgency 9 10 29 32.2 NS NS NS

TURP syndrome 0 1 0 3.1 NS NS NS
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TABLE 15 Results of the selected study.

Telli O 2015

Outcomes - 24 months ~ Mean (SD) of the intervention (39) Mean (SD) of the comparison (62) Significance

IPSS 75 (30-92) 60 (37-91) NS

Urinary flow (mL/s) 22.6+0.9 24.5+1.2 NS

PVRV (mL) 60 (13-88) 58 (95-100) NS

Sexual activity (SHIM score) 32 (27-41) 34 (25-46) NS

Prostatic volume 23.9+13 22.4£13.3 NS

Length of hospitalization 2 (1-4) 5(3-9) p<0.05

Outcome No. of events No. of events Risk Risk Reduction 95CI  NNT/
intervention (60) control (64) intervention % control % increase % NNH

Transfusion 2 2 3.33 3.12 NS NS NS

Urinary retention 3 4 4.68 6.66 NS NS NS

Urethral stricture 5 12 8.33 18.75 NS NS NS

Re-intervention 2 4 3.33 6.25 NS NS NS

Infection 4 6.66 9.37 NS NS NS

TABLE 16 Results of the selected study.

Thomas JA 2016"
Outcomes - 24 months Mean (SD) of the intervention (128)  Mean (SD) of the comparison (121) Significance
QoL 1.3£1.2 1.2£1.3 NS
IIEF-5 12.9+7.5 13.948.2 NS
IPSS 9.5+3.0 9.943.5 NS
Urinary flow (mL/s) 21.6£10.7 22.9+9.3 NS
PVRV (mL) 45.6+65.5 34.9+47.1 NS
Prostatic volume 23.9+13 22.4£13.3 NS
Outcome No. Of events No. Of events Risk Risk Reduction 95CI  NNT/
intervention (139) control (142) intervention %  control %  increase % NNH
Re-treatment 78 73 56.12 51.41 NS NS NS
Complication-free 116 112 83.45 78.87 NS NS NS
940 Rev Assoc Mep Bras 2017; 63(11):929-940



COMMENTARY

Fulminant myocarditis in children. Continuous renal replacement

therapy to the rescue?

Patrick M. Honorel*, HERBERT D. SPAPEN?

'MD, PhD, FCCM, Professor of Intensive Care Medicine and Co-director of Research, ICU Department, Universitair Ziekenhuis Brussel, Vrije Universiteit Brussel, Brussels, Belgium

2MD, PhD, FCCM, Professor of Intensive Care Medicine, Head of Unit and Director of Research, ICU Department , Universitair Ziekenhuis Brussel, Vrije Universiteit Brussel, Brussels, Belgium

*Correspondence:

ICU Department

UZ Brussel — VUB University
Address: 101, Laarbeeklaan
Jette (Brussels) — Belgium
Postal code: 1090
patrick.honore@az.vub.ac.be

Fulminant myocarditis (FM) is a devastating disease. Pa-
tients typically present with flu-like symptoms and then
rapidly develop severe heart failure, cardiogenic shock and
potentially fatal arrhythmias.! In children, FM corresponds
to 30-40% of cases of myocarditis with a mortality rate of
up to 48%.* Treatment is supportive, aiming to bridge the
period of severe cardiac distress.! In a recent issue of Re-
vista da Associagdo Médica Brasileira, a novel and provocative
treatment of FM is proposed based upon the intrinsic
involvement of cardiac myosin.?> Extensive release of car-
diac myosin is indeed thought to play a key role in the
pathogenesis of FM, in particular by propagating autoim-
mune-induced myocardial inflammation and subsequent
cardiac injury.*¢ Cardiac myosin is an hexamer consisting
of two myosin heavy chains, each associated with two
myosin light chains, i.c. an essential light chain (MLC-1)
and a regulatory light chain (RLC).” The 23-kD MLC-1
isoform has been identified as a sensitive biomarker of
cardiac injury.#!° Not surprisingly, the authors observed
highly elevated MLC-1 levels in their patient cohort.*
More importantly, the authors focused on the re-
moval of MLC-1 from the bloodstream in an attempt to
attenuate or suppress the noxious action of this molecule
on the heart. This is supported by in vitro experience
showing that RLC depletion reduced unloaded actin
filament velocity and enhanced myosin-based isometric
force approximately 2-fold.® Its relatively medium mo-
lecular weight makes MLC-1 particularly suitable for
removal by convective continuous renal replacement
therapy (CRRT).! Accordingly, a significant decrease of
MLC-1 concentrations was noticed when continuous
venovenous hemo(dia)filtration (CVVHDF) was applied.
This brings to mind the seminal studies of Grootendorst

http://dx.doi.org/10.1590/1806-9282.63.11.941

et al., who observed a significant improvement in right
ventricular ejection fraction and cardiac performance in
endotoxemic pigs subjected to high-volume hemofiltra-
tion (HVHF).!? Infusion of ultrafiltrate from endotoxemic
animals in healthy pigs caused a decrease in blood pressure
and cardiac output suggesting that HVHF removed one
or more vasoactive mediators responsible for sepsis-in-
duced myocardial depression.’* However, a clinical ben-
efit of HVHF on clinical course or outcome of human
sepsis and septic shock has not been demonstrated. The
current study also offers insufficient proof that lowering
MLC-1 levels are associated with favourable clinical out-
come. The reduction in MLC-1 after a 48h CRRT session
is certainly significant but CRRT alone cannot account
for the observed 23% decrease. The “natural” metaboliza-
tion rate of MLC-1 is unknown because a control group
not receiving CRRT is lacking. An objective evaluation of
left ventricular systolic function during treatment (e.g.
with echocardiography) is missing. Moreover, the lower
mortality rate in this small patient cohort should be
weighed against baseline severity of disease and timing
of the intervention. The CRRT approach also needs more
in-depth evaluation before it can be recommended as a
safe and effective adjunctive treatment for FM. Several
factors may indeed determine substance removal during
CRRT. CRRT-related issues comprise mode, volume, and
dialysis membrane type and characteristics. Continuous
venovenous hemofiltration (CVVH) and CVVHDF are
also different techniques.'! It is not clear to what propor-
tion these epuration modes were used in the studied pa-
tients. Also, no information is provided regarding volume,
intercurrent dialysis interruptions or on-off decisions,
adverse events, and complications. Finally, it remains to
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be determined whether and to what extent MLC-1 is ad-
sorbed on different membranes. Substance-related factors
comprise volume of distribution, hydro- or lipophilic nature
and protein binding. MLC-1 is a hydrophilic molecule with
a distribution volume of approximately 0.7 L/kg and thus
easily eliminated by convection.'* However, the light chain
component of myosin expresses high affinity for ionized
calcium which suggests a rather strong protein binding."®
The exact degree of protein binding is not known but may
not exceed 80% to allow adequate CRRT removal.** Elim-
ination of MLC-1 by CRRT is essentially determined by
its molecular weight. Medium cut-off (50 kD) membranes
may therefore enhance MLC-1 removal without unwar-
ranted loss of albumin.! High cut-off (60 kD) membranes
may even perform better, but at the expense of more al-
bumin depletion.'® Plasmafiltration which uses mem-
branes with a cut-off value of approximately 1,000 kD
may be the most efficient option for adequate and swift
MLC-1 removal.!”

In conclusion, the authors presented a novel and
provocative approach of FM in children. They identified
MLC-1 as a prominent culprit of severe myocardial dam-
age in FM and demonstrated substantial elimination of
this molecule by CRRT. However, a potential link between
lowering MLC-1 levels and improvement of myocardial
inflammation or clinical outcome is poorly documented
and speculative at the most. Nevertheless, further studies
on the role of CRRT as adjuvant therapy for a disease with
such grim prognosis must be encouraged. From a techni-
cal viewpoint, the use of CVVH with higher cut-off filters
or plasmafiltration should be explored in more detail.
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SUMMARY

Few studies directly compare urinary cytology with molecular methods for
detecting BK and JC polyomaviruses. Reactivation of BKV infection is the main
risk factor for the development of nephropathy in immunocompromised
individuals. The limitation of the cytological method can be attributed to the
stage where the infected cell does not have specific and sufficient morphological
characteristics for a conclusive diagnosis and can be easily interpreted as
degenerative alteration. Moreover, morphologically, it is not possible to
differentiate the two types of viruses. Polymerase chain reaction (PCR), not only
is a sensitive method, but also allows differentiation of viral types without
quantification, and therefore is not indicative of nephropathy. According to the
American Society of Nephrology, real-time PCR would be the gold standard to
indicate nephropathy because it allows quantifying the number of viral copies.

paty.assis@uol.com.br

http://dx.doi.org/10.1590/1806-9282.63.11.943

INTRODUCTION

In the 1950s, cytotechnologist Andrew Ricci observed
cells with large, homogeneous nuclei in the urinary sedi-
ment, mimicking neoplastic cells but not associated with
urothelial neoplasia, and called them decoy cells.! The
so-called decoy cells have been erroneously diagnosed as
cancer cells in the past. It was only in 1968 that it was
speculated that these cells could be related to some type
of virus, identified as polyomavirus in 1971.

It is believed that they originate in the urothelium of
healthy and asymptomatic patients. This hypothesis is
based on the fact that it is in the urothelium that the BK
virus (BKV) is often latent. Replication of the polyomavirus
occurs mainly in the superficial layer of the transitional
epithelium, that is, in the umbrella cells that shed easily
without causing symptoms or altered renal function. In-
fected cells are not seen in the kidneys of immunocom-
petent patients whereas, in immunocompromised patients,
nephropathy is characterized by intra-renal replication
of BKV with consequent renal dysfunction. The morpho-
logical changes caused by viral replication in renal tubu-
lar epithelial cells are similar to those observed in transi-
tional cells. Therefore, in BKV nephropathy, decoy cells
also originate, probably in the renal parenchyma.’ It is
speculated that BKV nephropathy is caused by an ascend-
ing transmission pathway with dissemination of the poly-

Keywords: polyomavirus, BK virus, JC virus, kidney transplantation.

omavirus originating from the transitional cells to the
collecting ducts and proximal tubular epithelial cells in
patients with some immunodepression condition.®

DiaGNosis
Few studies directly compare urinary cytology with mo-
lecular methods for detecting polyomaviruses.

Decoy cells can be easily detected on Papanicolaou
stained cytology smears, and its negative predictive value
(NPV) is close to 100%. Conversely, the positive predictive
value (PPV) of the decoy cell analysis to predict BKV ne-
phropathy (BKVN) ranges from only 25 to 30%.” The per-
sistence of decoy cells in repeated urine samples identifies
patients with potential risk for BKVN. On the other hand,
according to the “patient screening algorithm and moni-
toring protocols,” a patient with a monolayer-treated urine
cytology with more than ten decoy cells is indicated for re-
nal biopsy, with no need for confirmation by PCR.® Although
it is relatively easy to detect the presence of decoy cells in
urine, it is not possible to distinguish between BKV and JCV.

CLASSIFICATION OF DECOY CELLS®

e Type 1. The most common are the classic forms cha-
racterized by large, homogeneous and amorphous in-
clusions, with a ground-glass appearance, and a peri-
pheral halo of condensed chromatin.

Rev Assoc Mep Bras 2017; 63(11):943-945
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e Type 2. They are granular intranuclear inclusions sur-
rounded by a clear halo, so they are called cytomega-
lovirus-like inclusions.

e Type 3. These are multinucleated decoy cells with gra-
nular chromatin.

e Type 4. When infected cells exhibit vesicular nuclei, of-
ten with clumped chromatin and evident nucleoli. This
is what Koss called the post-inclusion (empty) stage.

The main differential diagnosis of polyomavirus infec-
tion in urine is urothelial neoplasms, mainly types 3 and
4. Unfortunately, viral infection can occur in patients with
urothelial neoplasia, especially if they are using cytotoxic
drugs and infected and neoplastic cells are mixed in the
smear. Some details can be analyzed in this differentiation,
but, in practice, this is not always possible: decoy cells are
seen alone, whereas neoplastic cells can form groups with
overlapping nuclei; the nuclei of decoy cells are rounded,
in contrast to those of tumor cells, which have irregular
nuclei. And if the two conditions (cancer and polyomavirus
infection) are associated it may be even more complicated
to distinguish one from the other. The search for decoy
cells in urine is a marker with a positive predictive value
of about 27%, which requires confirmation with more

specific techniques, such as polymerase chain reaction.”'

POLYMERASE CHAIN REACTION
As the gold standard for the detection and identification
of BK and JC viruses, since it can differentiate them by

S1L12 it revealed

analyzing the generated DNA fragments,
the prevalence of BK and JC viruses in the urine of im-
munocompromised and immunocompetent patients
through the technique of polymerase chain reaction (PCR).
Even immunocompetent patients excreted BK and JC
viruses in the urine, showing that the final diagnosis always

depends on a combination of laboratory and clinical data.

CLINICAL SIGNIFICANCE OF POLYOMAVIRUS INFECTION
Humans are the natural hosts of two major members of
the Polyomaviridae family that are able to develop per-
sistent subclinical infection in the kidneys and periph-
eral blood. BKV was isolated from the urine of a patient
4 months after renal transplantation. JCV was isolated
from the brain of a patient with Hodgkin’s disease with
progressive multifocal leukoencephalopathy (PML). Both
viruses are excreted in the urine of infected patients, sug-
gesting that the kidney is infected in early stages of con-
tact with this pathogen. In the case of JCV, lymphoid
tissues and bone marrow also appear to be involved as
early or latent infection sites."

Depending on the degree of reactivity, i.e. the inten-
sity of viral replication, the virus can be eliminated in
urine without entering the bloodstream, persist in the
urine, or progress to viremia.

It is estimated that more than 70% of the general pop-
ulation has been exposed to BKV, showing serological evi-
dence of such contact. Asymptomatic reactivation and a
low level of replication are observed in 5% of the healthy
population. Reactivation with clinical manifestations is
rare in immunocompetent individuals, even though asymp-
tomatic intermittent replication with elimination through
urine may occur. Thus, symptoms develop more common-
ly in immunocompromised individuals, transplant recipi-
ents, HIV-infected patients, pregnant women and patients
with neoplasms undergoing chemotherapy. BKV is the agent
that causes nephropathy in 1-10% of kidney transplant
recipients, which can result in graft loss in about 45% of
cases. There is a correlation between the degree of immu-
nosuppression performed in renal transplant patients and
the reactivation of BKV infection, which is the main risk
factor for the development of polyomavirus nephropathy.

CoNcLusION

The limitation of the cytological method can be attrib-
uted to the stage at which the infected cell does not have
specific and sufficient morphological characteristics for
a conclusive diagnosis and can be easily interpreted as a
degenerative alteration. In 2007 Domingues et al.* de-
scribed a semi-nested PCR technique capable of differen-
tiating BK and JC viruses from stored clinical samples.
However, this method did not allow quantification of viral
particles. Real-time PCR has revolutionized the process of
quantification of DNA fragments. According to the Amer-
ican Society of Nephrology (2006), this technique would
be the gold standard to indicate nephropathy whenever
the number of BKV copies is greater than or equal to 104.

Resumo

Infec¢do pelo poliomavirus humano: diagndstico citolé-
gico e molecular

Poucos estudos comparam diretamente a citologia uri-
naria com métodos moleculares para deteccdo de polio-
mavirus BK e JC. A reativa¢io da infec¢do por BKV é o
principal fator de risco para o desenvolvimento de nefro-
patia em individuos imunocomprometidos. A limita¢io
do método citoldgico pode ser atribuida ao estidgio em
que a célula infectada ndo possui caracteristicas morfo-
légicas especificas e suficientes para um diagnéstico con-
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clusivo, podendo ser facilmente interpretada como alte-
racio degenerativa. Além do mais, morfologicamente, nio
é possivel diferenciar os dois tipos virais. A rea¢io em
cadeia pela polimerase (PCR), além de ser um método
sensivel, permite diferenciar os tipos virais sem quantifi-
cé-los, nio sendo, portanto, indicativa de nefropatia. Se-
gundo a American Society of Nephrology, a PCR em
tempo real seria o padrio-ouro para indicar nefropatia,
pois permite quantificar o ndmero de copias virais.

Palavras-chave: poliomavirus, virus BK, virus JC, trans-
plante de rim.
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Chiari malformation (CM) is the most common and prevalent symptomatic
congenital craniocervical malformation. Radiological diagnosis is established
when the cerebellar tonsils are located 5 mm or more below the level of the
foramen magnum on magnetic resonance imaging (MRI). Surgical treatment is
indicated whenever there is symptomatic tonsillar herniation or syringomyelia/
hydrocephalus. The main surgical treatment for CM without craniocervical
instability (such as atlantoaxial luxation) is posterior fossa decompression, with
or without duraplasty. The authors describe in details and in a stepwise fashion
the surgical approach of patients with CM as performed at the State University of
Campinas, emphasizing technical nuances for minimizing the risks of the procedure
and potentially improving patient outcome.

Keywords: Arnold-Chiari malformation/surgery, cerebellum/pathology, neural
tube defects.

INTRODUCTION
Chiari malformation (CM) was described in 1891 by
Hans Chiari as a caudal displacement of the cerebellar
tonsils through the foramen magnum.' The prevalence of
patients with CM in the US is estimated at about 215,000
individuals,” being the most common and prevalent symp-
tomatic congenital craniocervical malformation.** Type 1
CM, diagnosed when the cerebellar tonsils are located 5
mm or more below the level of the foramen magnum on
magnetic resonance imaging (MRI), is the commonest form
and is discussed in the present article.’ This radiological
diagnosis is questioned by many authors, once the amount
of herniation needed to be considered as “abnormal” and
to produce clinical symptoms is extremely variable (some
patients may present with symptoms with less herniation
and others may even be asymptomatic).® Tonsillar hernia-
tion, associated with a small posterior fossa volume, may
result in cerebrospinal fluid (CSF) flow abnormalities and
in upper cervical spine and brainstem compression, leading
to a constellation of clinical symptoms.”®

Surgical treatment is indicated whenever there is
symptomatic tonsillar herniation or syringomyelia/hy-
drocephalus. The main surgical treatment for CM without
craniocervical instability (such as atlantoaxial luxation)

is posterior fossa decompression, with or without dura-
plasty. The benefits of posterior fossa decompression in
patient outcome are well established in many case series.”*?

The present technical note describes in details and in
a stepwise fashion the surgical approach of patients with
CM as it is done at our institution (State University of
Campinas). The rationale of each step is discussed along

with a review of the pertinent literature.

SURGICAL TECHNIQUE

Patient position

After general anesthesia, the patient is positioned prone
on the operating table and cushioned with chest rolls.
Central venous access is usually not necessary. The neck
is flexed in order to expose the posterior fossa, and the
foramen magnum and the head are fixed with a head
holder. In order to facilitate venous return and avoid
excessive bleeding we generally flex the neck only up to a
point where we are sure there is no compression of the
jugular veins (Figure 1A).

It is of paramount importance to exclude atlantoaxial
instability or cranial settling and basilar invagination prior
to positioning, once flexion in these patients may result in
ventral brainstem or upper cervical spinal cord compres-
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FIGURE 1 A. Lateral view of the patient position. The neck is flexed but not too much, as to avoid jugular compression. B. The incision goes

from 3 cm above the inion (T-torcula) to the C2 prominence in the skin.

sion.!*!¢ A dynamic CT scan or MRI is recommended to
exclude instability. In such cases, we recommend neuro-
physiologic monitoring with motor and somatosensory
evoked potentials. A neutral position is preferred in such
cases and mandatory if craniocervical fixation is planned.

Skin incision, dissection and bone exposure

A midline skin incision is started about 3 cm above the
inion down to the skin prominence of the C2 spinous
process (Figure 1B). The cranial extension of the skin
incision is used for harvesting a pericranial graft for the
duroplasty.’” We favor the use of pericranium instead of
artificial grafts because it avoids foreign body reaction
and potentially decreases the risks for infection and the
chances of further arachnoiditis, which may be the cause
of Chiari reoperations.'® The graft is preferentially har-
vested before opening the dura in order to avoid bleeding
into the subarachnoid space.

The fascia is exposed and then opened in a “T” fashion
using monopolar cautery (Figure 2). The transverse portion
of the “T”-shaped incision is made about 0.5 to 1 cm below
the insertion of the muscles in the superior nuchal line.
We preserve the muscle attachment in the superior nuchal
line so as to allow for the suture of the paraspinous muscles
back in place at the end of the procedure. This may preserve
function and avoid CSF leak while providing a tight and
hermetic closure. The longitudinal incision is made from
the transverse incision down toward the posterior tubercle
of the atlas (C1) in the midline. Maintaining the incision
in the midline, which is practically avascular, potentially
decreases postoperative pain and avoids muscle injury. We
open the midline with monopolar cautery and then apply

self-retaining retractors to separate the paraspinous mus-
culature. The posterior part of the C1 arch is then exposed
about 2 cm laterally on each side of the posterior tubercle
of the atlas, generally with gentle blunt dissection. Addi-
tional lateral exposure is unnecessary and may increase the
risk of vertebral artery injury, which courses on the upper
superficial portion of the posterior arch of the atlas.

The occipital bone squama and the posterior arch of
C1 are exposed. A laminectomy of the atlas is done using
a craniotome or Kerrison’s rongeurs. After that, a suboc-
cipital decompression is performed. Our upper limit of
the craniectomy is the inferior nuchal line, since this al-
lows for a wide enough craniectomy with enough bone
left for the eventual need for future craniocervical sta-
bilization. We prefer to make two burr holes just lateral
to the midline at the inferior nuchal line and then per-
form the craniectomy down to the foramen magnum.

It is of paramount importance to remove the bone of
the foramen magnum as far to the lateral as possible, as
we believe that this is the most relevant part of bone de-
compression (Figure 3A). We do not perform total pos-
terior fossa craniectomy (which would include the bone
above the inferior nuchal line to the inion), since we believe
decompression of the foramen magnum is the actual goal
of the surgery. Large craniectomies may hamper reopera-
tion if craniocervical instability develops after Chiari
surgery with associated basilar invagination, as the lack
of bone may render craniocervical fixation and arthrod-
esis extremely difficult. Additionally, large craniectomies
are associated with cerebellum ptosis, persistent headache
and clinical deterioration, requiring reconstruction of the
posterior fossa with titanium plates.”

Rev Assoc Mep Bras 2017; 63(11):946-949
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FIGURE 2 A. Exposure of the fascia - the “T” shape illustrates the fascia opening. B. Note the muscle attachment in the superior portion of

the incision for suturing the muscles when closuring (yellow arrow). The occipital bone was exposed, as well as the posterior arch of the atlas

below. C. The yellow triangle illustrates the site for pericranial harvest for grafting. Note that the muscle inserted in the superior nuchal line is

preserved below the grafted area for suturing the paraspinal muscles and the fascia.

FIGURE 3 A. Posterior fossa craniectomy and removal of the posterior arch of C1. The superior limit of the bone removal is the inferior

nuchal line. Laterally, the lateral portions of the foramen magnum were also removed (surgicel was used for bleeding control). Note the muscles

still inserted in C2, to preserve their normal function as much as possible. B. We illustrate the dural incision (yellow line). Differently from the “Y”

shape traditionally used, this incision allows a more hermetic dural closure after inserting the pericranial graft, decreasing the risks of CSF leak. It

starts at the dura mater of the atlas cranially to one of the two sides. C. Final aspect after duraplasty.

Duraplasty and closure

We perform duraplasty in patients with syringomyelia,
important tonsillar herniation (up to C2 or more than
10 mm below the level of the foramen magnum) and
those with symptoms of neural compression (such as
long tract involvement or brainstem compromise). This
strategy has also been reported by some authors, such

as Gurbuz et al.*® For patients with only posterior cervi-
cal pain, we prefer to perform bone decompression alone.
Although both techniques (with or without duraplasty)
are acceptable and result in clinical improvement, the
outcome of patients who undergo duraplasty seems
slightly better despite the higher risks of complications,
such as CSF leak.
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Of note, some authors recommend the use of intra-
operative ultrasound for fluid flow assessment in the pos-
terior fossa after bone decompression in order to help
decide when to perform the duraplasty. We do not recom-
mend this, since Bond et al.?! have reported that, when
patients have their necks flexed (positioned for surgery),
intraoperative MR demonstrates tremendous improvement
in the CSF flow in the foramen magnum dorsal to the
tonsils compared to preoperative MRI in prone position.
For this reason, we prefer to perform duraplasty using the
clinical and radiological criteria previously exposed above.

If we decide to perform duraplasty, instead of the tra-
ditional incision in a “Y” shape, we perform a more linear
incision as shown in Figure 3B. This type of dural incision
allows for a better closure of the dura with the pericranial
graft, which decreases the risk of CSF leak. We prefer to
use a 5.0 prolene suture, to avoid leak secondary to the
other larger needles injury to the dura. We generally do not
use any type of glue or dural sealant for primary surgery.

A multilayered closure is then performed. The fascia
is sutured in the midline and superiorly to the muscle
cushion attached to the superior nuchal line. Simple
sutures are preferred to avoid rupture and to maintain a
perfect closure. Additional continuous suture may be
performed after that. The subcutaneous tissue is then
sutured and also fixed to the fascia to avoid the need for
postoperative drains and death space. Finally, the skin
closure is made with simple sutures.

ConcLusioN

When treating patients with Chiari malformation, the
proper surgical technique with minute attention to details
is extremely important for minimizing the risks of the
procedure and to improve the patients’ final outcome.

Resumo

Descompressido de fossa posterior com duroplastia no
tratamento cirdrgico do Chiari: nota técnica

A malformacio de Chiari (MC) é a malformacio cranio-
cervical congénita sintomdtica mais comum e prevalente.
O diagnéstico radiolégico é definido quando as tonsilas
cerebelares estdo localizadas pelo menos S mm abaixo do
nivel do forame magno na ressonancia magnética (RM).
Quando h4 hérnia tonsilar sintomdtica, siringomielia ou
hidrocefalia, o tratamento cirdrgico é indicado. O prin-
cipal tratamento cirargico para MC sem instabilidade
craniocervical (como a luxac¢do atlantoaxial) é a descom-
pressdo da fossa posterior com ou sem duroplastia. Os

autores descrevem detalhadamente a abordagem cirtrgi-
ca de pacientes com MC realizada na Universidade Esta-
dual de Campinas, enfatizando nuances técnicas para
minimizar os riscos relacionados ao procedimento e me-
lhorar os resultados pés-operatorios.

Palavras-chave: malformacio/cirurgia de Arnold-Chiari,
cerebelo/patologia, defeitos do tubo neural.
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Malignant fibrous histiocytoma is a rare tumor. It is most commonly seen in
individuals between the fifth and seventh decades of life, in extremities, and
less frequently in the retroperitoneum. Although its etiology is not clearly
known, radiotherapy, chemical agents, previous history of surgery, trauma
and fracture, and Hodgkin lymphoma have been blamed. Leiomyosarcoma,
liposarcoma and rhabdomyosarcoma should be taken into account in dif-
ferential diagnosis. It is seen on computed tomography as a mass lesion with
irregular borders and density similar to that of the surrounding muscle tissue.
Necrotic and hemorrhagic components in the mass are characterized as het-
erogeneous low density areas. Fluid-fluid levels can be detected by computed
tomography and magnetic resonance imaging.
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INTRODUCTION

Boundaries of the retroperitoneal space are the dia-
phragm at the top, the levator muscles at the bottom, the
parietal peritoneum in anterior aspect, and the vertebral
column and psoas muscles at the posterior side. Tumors
located in the retroperitoneum might be originated from
kidney, pancreas or fatty tissue. Leiomyosarcoma, lipo-
sarcoma, fibrosarcoma and malignant fibrous histiocy-
toma (MFH) are among the retroperitoneal malignant
mesenchymal tumors.!

MFH, also named malignant fibrous xanthoma or
pleomorphic fibrous histiocytoma, has been first re-
ported by O’Brien and Stout in 1964.2 It is an aggressive
and high-grade sarcoma. The most frequent complaints
are palpable mass, pressure symptoms on surrounding
organs and abdominal pain. Prognosis of these rare
tumors originating from connective tissue depends on
tumor diameter, number of mitoses and degree of dif-
ferentiation.’> We present the case of a patient referred to
our hospital who has been diagnosed with MFH follow-
ing surgery.

CASE REPORT
A 61 year-old female who had a history of hypertension
and diabetes for 5 years presented to our hospital with

Keywords: histiocytoma, malignant fibrous, tomography, magnetic reso-

abdominal distension and complaints related with the
urinary system. Her medical history showed that she had
undergone a surgical procedure associated with her
uterus and ovaries and that had received no medical
treatment after the surgery. Her laboratory tests revealed
blood glucose, white blood cell and hemoglobin levels at
165 mg/dL, 15,500/mm?® and 9.1 g/dL, respectively. No
abnormalities were detected in other results of routine
complete blood count (CBC) or biochemistry test param-
eters. A mass lesion with lobulated contours and irregu-
lar borders measuring 12 cm in diameter between the
kidney and the psoas muscle at the left side was detected
by computed tomography (CT) and magnetic resonance
imaging (MRI).

CT scan revealed a calcific component measuring
1 cm in diameter at the posteromedial side of the lesion
(Figure 1). On MR, the lesion was isodense on T1 weight-
ed series and slightly hyperdense compared to the muscle
on T2 weighted series. Focal areas with low signal indicat-
ing fibrous tissue were present in the lesion on T2 weight-
ed series. Intense enhancement was seen in the series after
contrast injection (Figure 2). The mass lesion, evaluated
as a retroperitoneal sarcoma radiologically, was diagnosed
as a malignant fibrous histiocytoma after histopatho-
logical examination following surgery.
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FIGURE 2 A. intense contrast enhancement is observed in fat-suppressed T1-weighted pre- (B) and post-contrast MRI series.

Discussion
MFH originates from undifferentiated mesenchymal cells
and comprises approximately 0.5% of all malignant tu-
mors.* They can occur at any age but are more frequent
in relatively older individuals, especially in the fifth and
seventh decades of life. They are most commonly seen in
the extremities but can occur at any localization in the
body.> Malignant fibrous histiocytoma, which is one of
the mesenchymal tumors, includes fibroblasts at different
stages and histiocyte-like cells. They are divided into five
different subgroups and the ones more commonly seen
are pleomorphic and myxoid types, which tend to present
higher grades, while the rarer giant cell, inflammatory
and angiomatoid subtypes tend to present lower grades.’
The etiology of MFH is not completely known; how-
ever, it is more common in patients who received radio-
therapy, similar to other sarcomas. In addition, sunlight,
chemical agents such as phenacetin, previous surgery,
trauma and fracture, bone infarct, and tumors such as
Hodgkin lymphoma and multiple melanoma are predis-
posing factors.** Most of the patients are asymptomatic,
since the lesion is located retroperitoneally and deeply, or
they have nonspecific symptoms such as flank pain, fever
and weight loss. C-reactive protein level and erythrocyte
sedimentation rate may be found to be increased in labo-

ratory tests.® Palpable mass, compression of surrounding
organs and flank pain are the results of the increasing
dimensions of the tumor. Also, cases of paraneoplastic
syndrome have been reported in the literature.”
Differential diagnosis includes leiomyosarcoma, li-
posarcoma and rhabdomyosarcoma as retroperitoneal
tumors. Psoas abscess, hematoma and hydatid cyst should
also be considered in differential diagnosis.® Radiological
findings are nonspecific and the diagnosis is made histo-
pathologically. The dimensions and site of the lesion,
presence of hemorrhagic or necrotic components, and
mass affecting the surrounding organs might be detected
by radiological imaging. Ultrasonographically, the tumor
has a hypoechoic mass character and necrotic/hemor-
rhagic components are seen as hypoechoic or anechoic
images with septated formations.®® Typical CT findings
include a large infiltrative mass with ill-defined borders
and density similar to that of muscle tissue. Hypodense
areas secondary to necrotic and hemorrhagic components
and hyperdense calcific components cause non-homoge-
neity. Heterogeneous contrast enhancement might be
seen in post-contrast images secondary to necrotic and
hemorrhagic components.® Fluid-fluid levels may be seen
secondary to hemorrhage in CT and MRI. Signal proper-
ties of hemorrhagic component in MRI vary according

Rev Assoc Mep Bras 2017; 63(11):950-952
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to the character of the blood products. In addition, fibrous
components demonstrate low signal on T1 and T2 weight-
ed sequences. Although radiological findings are nonspe-
cific, some specifications are present and can differentiate
MFH from renal carcinoma. Large dimensions at the time
of diagnosis, absence of renal vein or vena cava involve-
ment, characteristic signs of fibrous components and
necrotic/hemorrhagic or calcific components raise sus-
picion for MFH.?

The prognosis of MFH is generally poor. Determinant
prognostic factors are subgroup type and location of the
tumor, as well as presence of metastases or paraneoplas-
tic syndrome. Five-year survival rate is 66% when tumor
dimension is less than 5 cm, decreasing to 30% if the di-
ameter is greater than 5 cm.*!° Similarly, there is a positive
correlation between tumor diameter and rate of metas-
tasis. Prognosis is better in tumors located in extremities
compared to retroperitoneal or deeply located tumors.”*

Primary treatment of MFH is surgical excision of the
mass. Radiotherapy plays an important role in the post-
surgical treatment; however, the efficacy of chemothera-
py is controversial.t’
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INTRODUCTION

SUMMARY

Objective: Temporal arteritis is systemic vasculitis of medium and large sized
vessels. The lowest incidence rates were reported in Turkey, Japan and Israel. We
aimed to investigate the results of patients with biopsy-proven temporal arteritis
and those classified according to the American College of Rheumatology criteria
from a low-incidence region for temporal arteritis. The results of our study are
noteworthy, since there is limited data on pathologic diagnosis of temporal
arteritis in Turkey.

Method: We studied the medical records, laboratory findings such as erythrocyte
sedimentation rate and C-reactive protein levels, biopsy results, and postoperative
complications of all the patients operated for temporal artery biopsy at our clinic.
We used the computerized laboratory registry that keeps all records of 42
consecutive temporal artery biopsy results from January 2011 to December 2016.
Results: The mean age was 66+12.5 years. The most common manifestations
on admission were temporal headache, optic neuritis and jaw claudication,
respectively. Temporal artery biopsy results confirmed tempoal arteritis in eight
out of 42 (19%) patients. There was no statistically significant difference between
biopsy-positive and biopsy-negative groups in terms of sex, age, erythrocyte
sedimentation rate, C-reactive protein and biopsy length.

Conclusion: We were not able to find a correlation between the analysis of biopsy
results and clinical evaluation of patients with temporal arteritis. We suggest
that diagnosis of temporal arteritis depends on clinical suspicion. Laboratory
examination results may not be helpful in accurate diagnosis of tempoal arteritis.

Keywords: giant cell arteritis, biopsy, C reactive protein, blood sedimentation.

can also be used for evaluation. Temporal artery biopsy

Temporal arteritis (TA) is defined as the systemic vascu-
litis of medium- and large-sized vessels and affects main-
ly women above 50 years of age.' It is an arterial inflam-
matory disease mostly affecting temporal arteries and
is histologically characterized by arterial infiltration of’
giant cells.? Patients can present with visual disturbanc-
es, jaw claudication, scalp tenderness, headache and
myalgia. Clinical evaluation and suspicion are important
in diagnosis. Other than clinical evaluation and labora-
tory assessment, duplex ultrasonography, magnetic
resonance imaging and positron emission tomography

(TAB) is a low-sensitivity but gold standard method in
the diagnosis of TA.

The highest incidence rates of TA are reported in
Scandinavian countries and northern United States. The
lowest incidence rates were reported from Turkey, Japan,
Israel and among native Alaskans.>* A lower frequency of
TA in our center in northwestern Turkey was shown com-
pared to European data.’

In this study, we aimed to investigate and discuss the
clinical correlation of patients with temporal artery biop-
sy-proven TA and those classified according to the Amer-
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ican College of Rheumatology (ACR) criteria from a low
incidence region for TA.® The results of our study are
noteworthy, since there is limited data on pathologic di-
agnosis of TA in that region.

MEeTHOD

We performed a retrospective study to evaluate Turkish
patients who fulfilled the ACR criteria for TA and were
under regular follow-up in our tertiary university hospi-
tal.® Detailed clinical history and physical examination
were routinely performed in all patients. We studied the
medical records, laboratory findings such as erythrocyte
sedimentation rate (ESR) and C-reactive protein levels
(CRP), biopsy results and postoperative complications of’
all the patients operated for temporal artery biopsy at our
clinic. We used the computerized laboratory registry that
keeps all records of 42 consecutive TAB results from
January 2011 to December 2016.

All biopsies were performed using samples taken
from the symptomatic side and based on high clinical
suspicion bilaterally. Biopsy was performed from super-
ficial temporal artery segment, which is a branch of ex-
ternal carotid artery. Location of the artery was deter-
mined prior to operation. Operations were performed
under local anesthesia. A careful incision was made to
explore the frontal branch of the superficial temporal
artery at the temples and maximum care was taken in

FIGURE 1 Histologic specimen of temporal arteritis.

order not to injure the temporal branch of the facial
nerve. The superficial temporal artery must be ligated
proximally and distally after deciding the necessary
length of biopsy. The skin incision is closed subcutane-
ously after controlling the bleeding of the side branches.
Inflammation (red arrow), especially affecting the intima
and medial layers of the arterial wall and causing degen-
eration of internal elastic lamina with characteristic
multinuclear giant cells (blue arrow), lymphocytes, neu-
trophils and histiocytes, is helpful in pathologic diag-
nosis for TA (Figure 1). We collected and compared the
results of patients with biopsy-proven TA and those clas-
sified according to ACR criteria. Ethical approval was
obtained from the local ethics committee for this retro-
spective study.

Statistical analysis

Statistical Package for the Social Sciences (SPSS) software
version 22.0 (SPSS Inc., Chicago, Illinois, USA) and Graph-
Pad prisma 6 (GraphPad software, La Jolla, CA, USA)
were used to carry out the statistical analysis. Categori-
cal data are presented as numbers and percentages, while
numerical data are presented as means and standard
deviations. Differences between patients were analyzed
using the Mann-Whitney U test for continuous variables

and Chi-square test for categorical variables. p<0.0S5 was
considered significant.
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ResuLts

The results and medical records of 42 patients were stud-
ied. There were 22 male and 20 female patients and the
mean age was 66+12.5 years (25-85). The most common
manifestations on admission were temporal headache,
optic neuritis and jaw claudication, respectively. The
clinical symptoms of the patients in the study group are
summarized in Table 1.

TABLE 1 Clinical symptoms of patients with
temporal arteritis.

Symptom n (%)

Temporal headache 37(88.1)
Optic neuritis 28 (66.7)
Jaw claudication 26 (61.9)
Weight loss 18 (42.9)
Visual alteration 15(35.7)
Polymyalgia rheumatica 12 (28.6)
Fever 10 (23.8)

TAB was performed from the left temporal artery in
17 patients and from the right temporal artery in 23 pa-
tients and bilateral in two patients. The mean biopsy
length was 14.2+4.4 mm (5-20 mm). TAB results confirmed
TA in eight (19%) patients. Of the eight biopsy-proven
patients, four (50%) were male and four (50%), female.
TAB was diagnosed in two cases that were operated bilat-
erally. No complications were observed postoperatively.

We compared the results of patients with biopsy-
proven TA and those classified according to ACR criteria
in terms of sex, age, ESR, CRP and biopsy length. There
was no statistically significant difference between TAB-
positive and TAB-negative groups. The details are sum-
marized in Table 2.

Discussion

TA is the most common systemic vasculitis in patients
over 50 years of age. The presence of three out of five
criteria defined by the American College of Rheumatol-
ogy may help physicians to establish the diagnosis with
94% sensitivity and 91% specificity: age over 50 years at
time of onset, new-onset localized headache, tenderness
or decreased pulse of the temporal artery, ESR over 50
mm/h, and positive TAB.® Treatment is mainly based on
high doses of steroids after clinical diagnosis, especially
in patients with visual complaints. The prevalence of TA
in our region was found to be lower than that in western
populations, including southern Europe.®

TABLE 2 Comparison between patients with biopsy-

proven temporal arteritis and those classified according
to ACR criteria.

TAB-negative TAB-positive p

Female / Male 16/18 4/4 1.000
Age (Mean,range) 66.4+11.2 64.1+£18.1 0.847
ESR (mm/hr) 54.3£31.4 55+36.2 0.949
CRP (mg/dL) 1.68+2.82 4.29+4.78 0.461
Biopsy length (mm) 14.3+4.6 14.0£3.7 0.935

ACR: American College of Rheumatology; CRP: C-reactive protein levels; ESR: erythrocyte se-
dimentation rate; TAB: temporal artery biopsy.

Although TAB is the gold standard method for di-
agnosis of TA, biopsy length, presence of skip lesions
and steroid treatment prior to biopsy may cause false
negative results.” Most of the patients have a negative
biopsy and this biopsy result does not usually change
the management of the patient. For this reason, the
role of TAB is not accurately defined. Biopsy results give
an idea of disease prognosis and avoid unnecessary
treatment.510

The most common symptom in patients with TA is
headache, which is defined as severe, acute and different
from previous ones.!! Visual loss, jaw claudication, tender-
ness in temporal region and decreased or lack of pulsation
of temporal artery may accompany. In our study group,
temporal headache, optic neuritis and jaw claudication
were the commonest complaints.

TA is characterized histologically by inflammatory
infiltration of the arterial wall by lymphocytes, macro-
phages and giant cells. There is an accumulation of his-
tiocytes, epithelioid cells and giant cells and dissolution
of the elastic lamina.'? The important point is that path-
ological changes are usually segmental and some patients
may have a false negative biopsy, and therefore biopsies
can be performed in highly suspected selected cases."?
Treatment is mainly based on steroids and usually start-
ed after confirmation of the diagnosis, and should not
be delayed while waiting for TAB results.

Biopsy was performed bilaterally in two patients with
bi-temporal headache on admission and both were diagnosed
as TA. An additional contralateral biopsy may be beneficial
in terms of high clinical suspicion of TA.!* The mean
length of TAB specimen after fixation was 14.2+4.4 mm
in the study group. Mahr et al. also recommend a fixed
TAB length of at least 5 mm, sufficient to make a histo-
logical diagnosis of TA." Another factor affecting positive
biopsy results may be that our region presents one of the
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lowest incidences of TA.> A positive biopsy result is proof
of TA, but a negative result does not rule it out.

TAB results confirmed TA in 19% of our study group.
Mabhr et al."® reported a 15% histological evidence of TA
in 1,520 patients. Kermani et al.'® also found 22% accu-
racy for pathological diagnosis in 1,106 patients. How-
ever, Suelves et al.”” presented 68.4% positive biopsy results
in their study. TA is known to affect women more than
men. But in our study group, the ratio was found to be
equal. Pamuk et al.* also reported a male to female ratio
of 9:10 from the same region, which can be interpreted
as nearly equal. Saedon et al.'® reported a male-female
ratio of 3:2 in a group of 153 patients undergoing TAB.
The proportion of the biopsy results may vary in studies
from different parts of the world.

We compared the results of patients with biopsy-
proven TA and those classified according to ACR criteria
in terms of sex, age, ESR, CRP and biopsy length, and
there was no significant difference between groups. Also
Souza et al.” reported no significant difference between
groups in terms of age, sex and ESR levels. Due to the
postmenopausal onset of TA, sex-based hormonal dif-
ferences do not play a protective role against autoim-
munity anymore.

TAB procedure is a simple and safe procedure, but
some complications such as hematoma, scalp necrosis,
wound infection, facial nerve injury and stroke may
arise.?**! In our study group, we did not observe any com-
plications postoperatively.

The limitations of our study are the small sample
size due to low incidence of the disease in our region and
the fact that the results are not representative of the
entire population, including only patients from a ter-
tiary hospital.

ConcLusIoN

In conclusion, we were not able to find a correlation be-
tween the analysis of biopsy results and the clinical eval-
uation of patients with temporal arteritis. We suggest that
diagnosis of TA mainly depends on high clinical suspicion.
Laboratory examination results may not be helpful for
an accurate diagnosis of TA. TAB is still the gold standard
technique and can be performed safely. TAB is a simple
procedure that can be performed under local anesthesia,
and it may help definitive diagnosis of TA with low sen-
sitivity. Results may vary in countries where TA is rare
compared to other countries.
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Environmental factors can influence dengue reported cases
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SUMMARY

Introduction: Global climate changes directly affect the natural environment and
contribute to an increase in the transmission of diseases by vectors. Among these
diseases, dengue is at the top of the list. The aim of our study was to understand
the consequences of temporal variability of air temperature in the occurrence of
dengue in an area comprising seven municipalities of the Greater Sio Paulo.
Method: Characterization of a temporal trend of the disease in the region between
2010 and 2013 was performed through analysis of the notified number of dengue
cases over this period. Our analysis was complemented with meteorological
(temperature) and pollutant concentration data (PM10).

Results: We observed that the months of January, February, March, April and May
(from 2010 to 2013) were the ones with the highest number of notified cases. We
also found that there is a statistical association of moisture and PM10 with the
reported cases of dengue.

Conclusion: Although the temperature does not statistically display an association
with recorded cases of dengue, we were able to verify that temperature peaks
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coincide with dengue outbreak peaks. Future studies on environmental pollution
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and its influence on the development of Aedes aegypti mosquito during all stages
of its life cycle, and the definition of strategies for better monitoring, including
campaigns and surveillance, would be compelling.

http:/,/dx.doi.org/10.1500/1806 9282.63.11.957 Keywords: dengue, mosquito vectors, climate, climate change, environmental pollution.

INTRODUCTION
Severe climate alterations, a major concern worldwide, have
been occurring over the past few centuries. Such changes
derive from a global warming effect that leads to ecological
imbalance.! The World Health Organization (WHO) sees
health problems related to climate changes as one of the
greatest issues of the 21° century. These alterations di-
rectly interfere with the natural environment, and upon
relating them with climate and tropical diseases, it can be
noted that changes in temperature alter the ecosystem
balance, contributing to an increase in the transmission of
diseases by vectors, including dengue at the top of the list.*?
Dengue is an infectious disease caused by an RNA virus.
Four virus serotypes have been identified so far: DEN-1,
DEN-2, DEN-3 and DEN-4. The disease is characterized

by variable febrile periods, clinically classified as dengue
fever (DF) or classic dengue fever. Acute manifestations
of the disease, classified as dengue hemorrhagic fever
(DHF) and dengue shock syndrome (DSS) may lead the
patient to death.?

Aedes aegypti mosquitoes are the main vector for
dengue virus. The species is adapted not only to the
domestic environment but also to the demographic
growth and internal and international processes of mi-
gration of people. These factors, along with aspects such
as rainfall, humidity and temperature variation, favor
the spread of the mosquito and the dissemination of
virus serotypes. The existence of suitable sites for the
breeding of mosquitoes (water storage) in urban areas
completes the scenario.*
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Dengue transmission peaks may be related to an in-
crease in the survival rate of the adult vector under favor-
able temperature and humidity conditions in the rainy
season. This survival rate enables the infected female the
possibility to complete the virus replication cycle, thus
becoming an infection vector.’®

Climate variation among the municipalities, associ-
ated with a temporal dimension that allows for the incor-
poration of isolated phenomena of climate change patterns,
are essential elements for the conduction of this study.®

The Greater ABC area comprises seven municipalities,
namely Santo André, Sio Caetano do Sul, Sio Bernardo
do Campo, Diadema, Mau4, Ribeirdo Pires and Rio Grande
da Serra (Table 1). Located in Sio Paulo’s southeast area,
it concentrates major industrial complexes and highly
urbanized areas, but also plenty of green spaces and nature
reserves, intended for environmental preservation, with
water reservoirs that supply the whole metropolitan area.

TABLE 1 Approximate population and GDP per

capita (BRL)*.

Municipality Population GDP per capita (BRL)
Santo André 673,900 21,843.91

Sio Caetano do Sul 149,295 68,649.65

Sdo Bernardo do Campo 810,203 35,680.05

Diadema 386,039 30,332.87

Maua 444136 13,752.84

Rio Grande da Serra 44,084 8,536.14

Ribeirdo Pires 113,043 13,347.20

*Brazilian Census Bureau (IBGE), 2010.
GDP: gross domestic product.

Due to the variety of manufacturing industries, these
industrialized municipalities attract a great number of’
people who seek better life conditions. Sio Caetano do
Sul has the highest gross domestic product (GDP) per
capita, and General Motors, located in this municipality,
directly affects the population’s quality of life. Neverthe-
less, according to a study on the environmental impact
caused by the industrial conglomerate, which generates
particulate matters (PM10) and may affect climatic con-
ditions, is important. Moreover, our study seeks to relate
these impacts to the spread and dissemination of the
dengue mosquito.

Sao Paulo is the industrial and financial center of
Brazil, and the ABC area is where most manufacturing
plants are located. Therefore, it is important to conduct
studies on climate change as well as air pollution rates
with the resulting impact on society in general, and more
specifically on public health. Investigations such as these

may serve as a database for better planning and preven-
tion against vector-borne diseases.

In sum, our study aims to establish a correlation be-
tween dengue incidence and environmental-climatic con-
ditions through the analysis of the number of notified
dengue cases between the years 2010 and 2013 in the
Greater ABC area, in S3o Paulo, and the following me-
teorological data: humidity, temperature and particulate
matters less than 10 microns in diameter (PM10).

MetHop
A cross-sectional observational study with an ecological
planning model was carried out. Data were collected, and
the following variables were used for epidemiological and
entomological investigation: space (regions), time (year,
month and seasons), meteorology (temperature-humid-
ity index) and the chronological distribution of the disease.
The study covered the period between January 2010
and December 2013 in the Greater ABC area in Sio Pau-
lo. Data were collected from the National Meteorological
Institute, the Environmental Technology and Sanitation
Agency (Cetesb, in the Portuguese acronym),” the Epide-
miological Surveillance Service - Dengue Prevention De-
partment in Santo André and the Epidemiological Sur-
veillance Center (CVE, in the Portuguese acronym).®
The data were analyzed in order to verify their relation
during the periods of incidence at a certain period of time
that allows for the investigation of the resulting phenom-
ena of the interactions with the environment. Pearson cor-
relation was used to analyze the association between humid-
ity, temperature and PM10 regarding the incidence of cases
of the disease per year. Statistical significance was reached
at p<0.05. IBM SPSS Statistics 19 software was used.

ResuLts

According to the numbers obtained from Cetesb and the
CVE, the year of highest incidence of dengue was 2010,
with 577 cases in total, which corresponds to an incidence
of 2.22 cases per 10,000 inhabitants (Table 2). In 2011,
this number slightly decreased to 555 cases. In 2012, how-
ever, a total of 125 cases were notified (0.48 cases/10,000
population), which represents a sharp drop in relation to
the previous year (22.5%). Therefore, it is important to
point out that the number of cases reported in 2012 was
atypical compared with the previous years, and even 2013,
when the number of notified cases rose to 402.

Santo André, Sio Bernardo do Campo, Sio Caetano
do Sul and Diadema are the most industrialized mu-
nicipalities in the area, and they are the ones with the
highest rate of dengue notifications. The highest incidence
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rate per municipality was registered in Diadema, with
14.89 cases per 10,000 inhabitants.

TABLE 2 Number of dengue cases in the Greater ABC area.

Municipality Year Incidence
2010 2011 2012 2013 rate*®

Santo André 180 71 40 106 5.45

Sdo Bernardo do Campo 158 136 36 170 6.7

Sdo Caetano do Sul 31 30 9 27 6.49

Diadema 177 295 26 77 14.89

Maua 21 19 12 16 1.53

Ribeirdo Pires 7 1 2 3 1.15

Rio Grande da Serra 3 3 0 3 2.04

Total 577 555 125 402

Source: CVE (Epidemiological Surveillance Center) - Sdo Paulo.
“Incidence rate per 10,000 inhabitants.

According to the data supplied by the CVE, the months
of January, February, March, April and May (from 2010
to 2013) were the ones with the highest number of noti-
fied cases. As a result, an analysis of climatic and environ-
mental factors during those months was carried out so
that a possible relation between these variables and a
higher proliferation and notification of dengue cases
could be established.

Figure 1 presents an extremely close relation between
temperature values and the notified dengue cases. It can
be observed that temperature peaks coincided with epi-
demic peaks between the months of January and May.
Nevertheless, while this relation is quite clear, there was
no statistically significant association between them.

There was, however, a statistically significant associa-
tion of humidity and PM10 with dengue cases (p=0.003
and p=0.001, respectively) (Table 3). As for humidity, this
variable had a positive correlation (0.163), i.e., the great-
er the humidity, the higher the number of dengue cases.
In other words, whenever humidity rates reached their
highest values, there was an increase in number of regis-
tered cases in the area. Interestingly, PM10 had a negative
Pearson correlation (-0,213), showing that lower PM10
values coincided with a higher number of dengue cases.
Air pollution could therefore be the reason for reported
dengue cases.

TABLE 3 Relation of temperature, humidity and PM10

with dengue cases.

Temperature Humidity PM10

Dengue Pearson correlation 0.093 0.163 -0.213
cases  p-value 0.088 0.003 0.001
N 336 336 240
Discussion

In scientific terms, there is a relation between temperature
and humidity, so that relative humidity can be defined as
the ratio of the amount of water vapor in the air ata
specific temperature to the maximum amount that the
air could hold at that temperature. At higher temperatures
the air may contain more water vapor than the same vol-
ume of air at lower temperatures.’

Our findings show that the months presenting tem-
perature and humidity peaks, namely January, February,
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FIGURE 1 Mean temperatures and number of dengue notifications in the Greater ABC area between 2010 and 2013.
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March, April and May, also had more notifications of
dengue cases.

Another relevant aspect is a significant decline in the
number of cases in 2012 compared with the previous
year, which, according to Santo André’s Health Depart-
ment, may have occurred as a result of the many aware-
ness campaigns targeting the general population after
the 2011 outbreak.

The year 2013 emerges as the year with the highest num-
ber of notified cases. One of the possible explanations is that
the months in that year were warmer and wetter all over the
state of Sdo Paulo according to meteorological data.

This increasingly common scenario, where winter is
no longer a cold and dry season, is a climate change result-
ing from global warming.'

The most industrialized municipalities are the ones
with the highest rates of notified dengue cases, which can
be explained by the possibility of many cases being im-
ported. As a consequence of industrialization, most work-
ers choose to live in other municipalities and commute
daily to/from their jobs. Despite the difficulty in identify-
ing whether the disease is autochthonous or imported, one
must consider that these individuals may be infected in
the municipality where they live but seek assistance in the
municipality where they work, if medical care is more con-
venient or easily accessed in the latter. Therefore, the lower
number of cases notified in municipalities such as Ribeirdo
Pires and Rio Grande da Serra may be justified.

Regardless of other factors, temperature variations and
rainfall intensity affect the reproductive cycle and survival
of the vector, which cause changes in its distribution and
density, since mosquitoes need humidity and temperatures
ranging between 15°C and 35°C to survive and reproduce.
These climate (abiotic) factors have shown an association
with the incidence and prevalence of dengue.??

Many studies have revealed the important role of
rainfall in the renewal and oscillations of puddles, condi-
tions that favor egg hatching and the incubation period
of the mosquito.

As for temperature, many authors affirm that it in-
terferes with dengue virus incubation period, which drops
from 10 to 7 days whenever temperature rises from 27°C
to 37°C.2 It is thus clear that temperature and rainfall
levels in the months of January, February and March
throughout the years were favorable for the development
of the virus and that these factors may have contributed
to a higher incidence of dengue cases. As the mosquito’s
life span is around 45 days, the generation born in the
beginning of January can infect hosts until February 15,
whereas the generation born in the second half of January

is able to infect people until March 15. Accordingly, den-
gue cases appear after weeks of peak temperature and
rainfall, a time during which the mosquito can develop
and contaminate the population.™

Another fact to be considered is the time it takes for
each individual to show symptoms of the disease, and, as
aresult, the time that elapses until these individuals search
for assistance at a medical care unit. The greatest num-
ber of dengue cases is expected to be reported in the
months of February, March, April and May. However,
there are many difficulties to establish a “key” seasonal
pattern of disease incidence and meteorological variables.
Concerning particulate matters, a decrease in the concen-
tration of PM10 is observed from January to May, a critical
period when cases are registered most often in the region.
Although not confirmed by any study to date, the presence
of air pollutants apparently interferes with the life cycle of
the Aedes aegypti mosquito.

The relation between health and environment can be
clearly seen through the analysis of epidemiological char-
acteristics in areas close to contamination sources and
through the identification of adverse environmental fac-
tors that are harmful to health.?

Investigations on the special conditions that trigger
the occurrence of dengue may contribute to the under-
standing of the role played by social groups in the complex
dynamic chain of disease transmission, considering their
own limits and possibilities. They can also shed light on
more suitable prevention and control strategies in the
construction of new indicators by trying the use of mul-
tivariate models that take into consideration the spatial
distribution of the events.'?

Variations in climate patterns may influence some
disease cycles, favoring and increasing the number of
isolated foci of vector-transmitted diseases. Moreover,
these changes stimulate the migration of these vectors,
cause an increase in epidemics, reduce productivity, and
generate an increase in healthcare-related costs. Although
the urgency for action is quite clear, so far, little has been
done to reverse this scenario. If actions are not taken, the
number of dengue cases will continue to escalate and
other diseases will gradually emerge as temperatures rise.”

From a scientific point of view, it would be advisable
to conduct future studies not only on environmental pol-
lution and its influence on the development of the Aedes
aegypti mosquito in all of its life cycle phases but also on
the definition of strategies for better monitoring of pol-
lutant matters, climate data and dengue cases. The exis-
tence of only one climate monitoring station for the entire
ABC area was one of the limitations of our study. Therefore,
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accessing climate data for the analysis of temperature and
humidity in all of the municipalities included in our
analysis was very difficult.

ConcLusioN

We found a statistical association of moisture and PM10
with the reported cases of dengue. There was no statisti-
cal correlation between the incidence of dengue and tem-
perature. The presence of air pollutants also interferes
with the life cycle of the dengue mosquito, and further
studies may reveal important instruments for environ-
mental monitoring and the control of endemic vectors.
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Resumo

Fatores climaticos podem influenciar nos casos de noti-
ficagdo de dengue

Objetivo: As alteracdes globais que tém ocorrido inter-
ferem no ambiente natural, influenciando diretamente
no crescimento da transmissio de doencas ocasionadas
por vetores, das quais se destaca a dengue. O objetivo
deste estudo foi compreender as consequéncias da varia-
bilidade temporal das condi¢des climaticas em relagdo a
ocorréncia de dengue na populac¢io da regido metropo-
litana de Sio Paulo, constituida por sete municipios.
Método: A caracterizacio da tendéncia temporal da den-
gue foi realizada por meio da andlise dos nimeros de
casos de dengue notificados nos anos de 2010 a 2013, de
dados meteorolégicos (umidade e temperatura) e dados
de concentracio de poluentes (PM10).

Resultados: Observou-se que os meses de janeiro a abril
(de 2010 a 2013) foram os que apresentaram maior na-
mero de casos notificados de dengue, com associa¢io
estatistica entre a umidade e PM10 com os casos de den-
gue notificados.

Conclusdo: Embora a temperatura nio assuma, estatis-
ticamente, uma associa¢do com os casos de dengue regis-
trados, foi possivel verificar que os picos de temperatura
coincidem com os picos epidémicos de dengue. Seriam
interessantes futuros estudos referentes a polui¢io am-
biental e a sua influéncia no desenvolvimento do mos-
quito Aedes aegypti em todas as suas fases do ciclo de vida
e defini¢do de estratégias para melhor monitorac¢do, cam-
panhas e vigilancia.

Palavras-chave: dengue, mosquitos, vetores, clima, mu-
danca climdtica, polui¢io ambiental.
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Objective: The authors performed an economic assessment of opioids currently
being used for control of postoperative pain relating to the surgical treatment
of cancer (fentanyl and sufentanil) within the Brazilian Unified Health System
(SUS, in the Portuguese acronym).

Method: The assessment was based on the perspective of the government, in order
to collaborate with the promotion of effectiveness in public policies of health, and
to optimize the allocation of public resources into health. A cost-effectiveness
analysis was performed using data collected from the Brazilian Unified Health
System and information from literature review, in order to build a decision tree
on the alternatives for control of postoperative pain related to cancer treatment
among adult patients. The outcomes considered were: effectiveness of postopera-
tive analgesia and occurrence of nausea and vomit in the 48 hour period after
surgery, and additional 24-hour cycles in patient follow-up. A univariate sensitiv-
ity analysis was conducted in order to verify robustness of the model estimated.
Results: Literature review showed a limited number of studies directly comparing
fentanyl and sufentanil for control of postoperative pain. The adoption of
sufentanil (cost = U$ 25.72 / outcome = 1.6 VAS points) was dominant in relation
to the use of fentanyl (cost = U$ 32.58 / outcome = 2.6 VAS points). The estimated
model showed robustness in relation to changes in the parameters analyzed.
Conclusion: Sufentanil presented higher cost-effectiveness ratio in relation to
fentanyl for control of postoperative pain in surgeries related to cancer treatment
among adult patients in the Brazilian Unified Health System.

http://dx.doi.org/10.1590/1806-9282.63.11.962

INTRODUCTION

The choice of postoperative pain control strategy is a
crucial factor to decrease morbidity and increase patients’
quality of life.! Opioid analgesics are broadly used for
management of pain after surgical treatment of cancer,
either as single therapy or associated with other drugs to
leverage analgesic effect.”

Morphine is one of the most studied and commonly
used opioids. However, recent evidences show that use of
fentanyl and sufentanil present benefits in comparison to
the use of morphine, regarding its effectiveness in mainte-
nance of anesthesia and control of post-operative pain, as
well as higher liposolubility, resulting in fewer episodes of
adverse side effects in comparison to morphine.?

Keywords: health evaluation, analgesia, pain measurement.

The health sector has limited resources to be used for
multiple purposes, and within the context of public sec-
tor management in the Brazilian health system, the Bra-
zilian Unified Health System (SUS, in the Portuguese
acronym) is significantly sensitive to the costs of activities
undertaken. Thus, there is need for health economics
studies in order to establish cost-effective programs that
may benefit a higher number of patients with equal
amount of resources.”

Therefore, the aim of the paper was to perform an
economic assessment of opioids currently being used
for control of postoperative pain relating to surgical
treatment of cancer (fentanyl and sufentanil) within the
Brazilian Unified Health System, in order to collaborate
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to the promotion of effectiveness in public health poli-
cies, and to enhance the allocation of public resources
in health.

MEeTHOD

Our paper presents a retrospective transversal study on the
costs and outcomes of strategies for postoperative pain
control strategies for treatment of adult patients with can-
cer. The study was based on three components: literature
review, economic assessment and sensitivity analysis.

Literature review

A literature search was performed on Medline/PubMed
and Lilacs databases to identify clinical data available re-
garding effectiveness and safety of the opioids fentanyl
and sufentanil for control of postoperative pain relating
to cancer treatment.

The literature review was based on a structured ques-
tion defining target population, intervention, comparator
and outcome (PICO strategy) to perform the economic
assessment using the best evidences available according
to the methodological guidelines of the National Com-
mittee on Technology Incorporation for the Brazilian
Unified Health System (Conitec).’

PICO represents an acronym for Patient, Intervention,
Comparator and Outcome, which are four primary ele-
ments in evidence-based medicine for search of relevant
information within a certain health context. The appro-
priate structure of the research question enables the
definition of parameters necessary for estimating the
model, maximizing data recovery, allowing for research
scope definition and avoiding unnecessary search.®

The literature search was based on the following ques-
tion: Is the adoption of sufentanil effective and safe in
comparison to the use of fentanyl on postoperative anal-
gesia relating to surgical treatment of cancer among adult
patients? The question was structured based on the fol-
lowing parameters applied on PICO strategy:

e Patients: Adult individuals subject to surgical treat-
ment of cancer.

e Intervention: Sufentanil.

e Comparator: Fentanyl.

e Outcomes: Effectiveness of postoperative analge-
sia (using Visual Analogue Scale points of pain, VAS)
and safety in postoperative control of pain (inci-
dence of adverse side effects).

The literature search was performed on Medline/
PubMed and Lilacs databases using the following key-

» « » «

words: “oncologic surgery,” “cancer surgery,” “neoplasm

» « » o«

cancer,

» o«

surgery, oncologic,

and “analgesia” in three to four different quests:

sufentanil,” “fentanyl”

e Medline/PubMed:
1. ((((((((“oncologic surgery”) OR “oncologic surge-
ries”) OR “cancer surgeries”) OR “cancer surgery”)
OR “neoplasm* surgery”) OR “neoplasm* surge-
ries”)) AND sufentanil) AND analgesia
2. (((((((“oncologic surgery”) OR “oncologic surge-
ries”) OR “cancer surgeries”) OR “cancer surgery”)
OR “neoplasm* surgery”) OR “neoplasm* surge-
ries”)) AND sufentanil
3. (((((((((“oncologic surgery”) OR “oncologic surge-
ries”) OR “cancer surgeries”) OR “cancer surgery”)
OR “neoplasm* surgery”) OR “neoplasm* surge-
ries”)) AND fentanyl)) AND analgesia
e Lilacs:
1. sufentanil [Palavras] and cancer [Palavras]
2. sufentanil [Palavras] and oncologica [Palavras]
3. fentanil [Palavras] and oncologica [Palavras]
4. fentanil [Palavras] and cancer [Palavras]

The records identified were analyzed, considering the
following criteria for inclusion and exclusion:

e Inclusion criteria:
o  Studies based on adult patients sample.
o Assessment of postoperative analgesia effective-
ness using VAS.
o Main therapy based on fentanyl or sufentanil for
postoperative analgesia.
o Fentanyl or sufentanil administered through in-
travenous or neuraxial application.
o Full-text version of the study available for analysis.
e Exclusion criteria:
o Case studies.
o Studies without side effects of interest (nausea
and vomit).
o Fentanyl or sufentanil administered through
mixed alternative ways (mixed intravenous with
nasal or transdermal).

Effectiveness and safety data of fentanyl and sufent-
anil used for control of postoperative pain were extracted
from each study analyzed. Information on use of resourc-
es was also collected in the literature, if available.

Parameters of effectiveness and safety data collected
in the scientific literature review, an economic assessment
model of costs and outcomes was estimated on the po-
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tential adoption of fentanyl and sufentanil within the
Brazilian Unified Health System.

Economic assessment

The economic assessment was performed using the per-
spective of the Brazilian Unified Health System, including
only direct medical costs covered by the government. A
decision tree on the alternatives for control of postop-
erative pain related to cancer treatment among adult
patients was built using effectiveness data from informa-
tion gathered during literature review.

The decision tree considered two types of outcomes:
effectiveness of postoperative analgesia (using VAS points
of pain) and safety in postoperative control of pain (in-
cidence of adverse side effects).”!° The main adverse side
effects identified in the literature review that were associ-
ated with use of opioid anesthetics for control of post-
operative pain’? were occurrence of nausea and vomit.

Data on incidence of adverse side effects were obtained
from direct comparison between fentanyl and sufentanil
performed in one of the studies identified in the literature
review,? considering nausea and vomit in the 48 hour pe-
riod after surgery, and additional cycles of 24 hour in patient
follow-up, in order to reproduce the practice of pain inten-
sity measurement identified in the studies analyzed.”®

The economic assessment was performed using the
perspective of the Brazilian Unified Health System, i.e,,
estimation considered only direct medical costs associ-
ated with control of postoperative pain relating to surgi-
cal treatment of cancer among adult patients.

Direct medical cost estimation was based on microcost-
ing technique for definition of inputs and costs associated
with analgesia and treatment of adverse side effects. The
estimation of direct medical costs included: costs of med-
ication used for control of postoperative pain and costs of
treatment of adverse side effects. Other costs (costs of sur-
gical procedure, preoperative period and other postopera-
tive procedures) were considered similar and independent
of the medication used for postoperative analgesia.

Information on resources required for medical pro-
cedures of postoperative analgesia were estimated using
the Brazilian Hierarchical Classification of Medical Pro-
cedures (Classifica¢do Brasileira Hierarquizada de Pro-
cedimentos Médicos).!! Information on inputs necessary
for treatment of adverse side effects of postoperative an-
algesia (nausea and vomit) was not available in the Brazil-
ian Unified Health System; thus, the microcosting tech-
nique was applied based on guidelines for treatment from
Hospital Israelita Albert Einstein,'? one of the main private
hospitals in the city of Sdo Paulo.

Information on the cumulative utilization of an-
esthetic reported in the literature was used to determine
the dosage of fentanyl and sufentanil during two days
of treatment.®

The inputs required for treatment of adverse side
effects in the first day were: two clinical assessments, adop-
tion of enteral nutrition, and administration of ondan-
setron, omeprazole, metoclopramide and bromopride.
The inputs required for treatment of adverse side effects
in the second day were: two clinical assessments, and
administration of ondansetron, omeprazole, metoclo-
pramide and bromopride.'?

Prices of medication used for control of postoperative
pain and treatment of adverse side effects were used to
estimate costs, regarding government purchases (named
Maximum Price for Sale to Government, PMVG)" with
additional 18% of Tax on Circulation of Goods and Ser-
vices (ICMS).

Prices of other inputs used for and treatment of ad-
verse side effects were based on the Brazilian Hierarchical
Classification of Medical Procedures!' and reference
prices for medical treatments in the Brazilian Unified
Health System.

Prices of inputs for postoperative analgesia and treat-
ment of adverse side effects were collected in Brazilian
currency (reais) in August 2014, updated to September
2015 using the National Consumers’ Prices Index of the
Brazilian Institute for Geography and Statistics (IPCA-
IBGE), and converted to U.S. dollars using official ex-
change rates published by the Brazilian Central Bank.

The global costs of postoperative pain control strat-
egies for treatment of adult patients with cancer using
fentanyl and sufentanil were estimated based on the fol-
lowing equation:

=YXy + Paey)X2q1, %P1, + Plaey)xXqy,%pr,  [Eq.1]
Where: ¢; = global cost of postoperative pain control strat-
egy i; q; = quantity of anesthetic i; p; = price of anesthetic
i for government acquisition; P(ae;;) = probability of adverse
effects using the anesthetic 7 in the first postoperative day;
qum = quantity of m inputs necessary for treatment of ad-
verse effects in the first postoperative day; p,,,, = price of
m inputs necessary for treatment of adverse effects in the
first postoperative day; P(ae;,) = probability of adverse
effects using the anesthetic i in the second postoperative
day; q,, = quantity of » inputs necessary for treatment of
adverse effects in the first second postoperative day; p,, =
price of n inputs necessary for treatment of adverse effects
in the second postoperative day.
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The probabilities of occurrence of each outcome were
inserted in the software TreeAge Pro 2014, including the
costs estimated for each treatment strategy (fentanyl and
sufentanil). Each branch of the decision tree included the
calculation of cumulative probabilities of outcomes and
costs, in order to allow the comparison of global outcomes
expected for each treatment strategy and respective costs.

Sensitivity analysis

A univariate sensitivity analysis was conducted in order
to verify robustness of the model and to identify the vari-
ables that may influence significantly the results obtained
in the base case.

An incremental cost-effectiveness ratio (ICER) was
estimated using the base case parameters of the economic
assessment model and recalculated considering variations
in each parameter inserted in the base case scenario, in
order to estimate the potential impacts on the decision
processes within the Brazilian Unified Health System
regarding changes in postoperative pain control strategies
for adult patients with cancer.

Patterns of variability in parameters relating to out-
comes and medication dosage were based on information
of standard deviation obtained from literature review.®
Other parameters were submitted to a variation of +20%
in relation to the initial value established, a range of vari-
ability considered appropriate to analyze potential chang-
es in the health system scenario that may influence the ICER.

The univariate sensitivity analysis was conducted
using the software TreeAge Pro 2014, by estimating the
changes occurring in the ICER due to modification of key
parameters in outcomes and costs to verify robustness of
the model.

REsuLTs

Literature review

There were 212 records identified in the Medline/PubMed
and Lilacs databases, 21 records were duplicated. Con-
sidering the 191 remaining records screened, 178 were
excluded due to identification of:

e Studies based on animals models = 3.

e Studies based on other treatments = 74.

e Studies based on alternative administration ways
(nasal or transdermal) = 5.

e Studies without outcomes of interest = 53.

e Case studies = 43.

The records selected on the screening (13) were
searched for full-text access and analysis; however, five

records were found to have full-text unavailable. The full-
text of the eight remaining references were obtained and
analyzed, in order to evaluate the information available;
and four full-texts were excluded due to lack of quantita-
tive measurement of outcomes. Therefore, four full-texts
were considered as source of data for decision tree mod-
eling and economic assessment regarding the control of
postoperative pain related to cancer surgical treatment.”!°

Three studies analyzed intravenous administration
of postoperative analgesia, controlled by the patient,®*°
and the fourth study indicated use of epidural analgesia’.
Only one study presented analgesia on demand,” and the
other three presented continuous infusion with bolus, if
necessary.”®!° Two studies analyzed intensity of pain dur-
ing the 48 hour period after surgery,”® one study analyzed
it during a period of 24 hours after surgery’ and one study
analyzed it during a period of 96 hours after surgery.'
Each study analyzed different comparators and different
combinations of medication for analgesia. Only one study
directly compared fentanyl and sufentanil without as-
sociating other medication in the analgesia.®

Considering the possibilities of variation in the post-
operative analgesia, using different ways of administra-
tion, infusion cycles and blocking periods, as well as
several associations of medication in the clinical practice
and diverse study designs and samples in the studies
identified in the literature, the analysis of economic as-
sessment was based on the direct comparison presented
between fentanyl and sufentanil without associating any
other medication in the analgesia,® using information
on effectiveness and safety of the medication presented
in the study.

Economic assessment

Parameters used to build the decision tree for economic
assessment of postoperative pain control strategies using
fentanyl and sufentanil for adult patients with cancer
within the Brazilian Unified Health System were based
on probability of adverse side effects, VAS points for
characterization of postoperative pain, medical proce-
dures necessary to perform postoperative analgesia and
treatment of adverse side effects of fentanyl and sufent-
anil use (Table 1).

The economic assessment included two possible health
status, occurrence or absence of nausea and vomit, as
represented in the decision tree (Figure 1). Values pre-
sented for each path of the decision tree represent the
probabilities of each health status, and the expected out-
comes with respective expected costs are presented at the
end of the path.
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The use of sufentanil for postoperative analgesia was
dominant in relation to the use of fentanyl, based on cost-
effectiveness ratios estimated with the parameters defined
in the decision tree model; it should be considered that
sufentanil presented lower cost (US$25.72) and better
outcome (1.6 VAS points of pain) in comparison to the
cost (US$32.58) and outcome (2.6 VAS points of pain)
obtained with treatment using fentanyl.

Sensitivity analysis
Parameters that presented the highest impact on ICER
were the occurrence of adverse side effects (nausea and

vomit) in the second day after surgery due to use of
sufentanil among patients who did not have adverse
side effects in the first day, VAS points of pain due to
use of sufentanil and cost of treatment with sufentanil
(Table 2).

The variability in VAS points of pain by postoperative
analgesia using sufentanil contributed significantly to
reinforce the dominance in comparison to fentanyl, in
addition to the probability of adverse side effects in the
second postoperative day for patients using sufentanil
who did not have adverse side effects in the first postop-
erative day (Figure 2).

TABLE 1 Characterization of costs for economic assessment of postoperative pain control strategies for adult patients with

cancer (fentanyl and sufentanil). Brazil, 2015.

Characterization Source Unit Value

Treatment using fentanyl
Price of fentanyl (mg) CMED 2014" Us$ 0.003
Cost of fentanyl (2 day treatment) Lin et al. 2006, CMED 2014" Us$ 5.50
VAS (48h) Lin et al. 20068 pt. 2.6
Prob. nausea/vomit 24h after surgery Lin et al. 2006® % 13%
Prob. nausea/vomit 48h after surgery Lin et al. 2006° % 8%

Treatment using sufentanil
Price of sufentanil (pg) CMED 2014" Us$ 0.093
Cost of sufentanil (2 day treatment) Lin et al. 2006, CMED 2014" Us$ 14.74
VAS (48h) Lin et al. 2006° pt. 1.6
Prob. nausea/vomit 24h after surgery Lin et al. 20068 % 7%
Prob. nausea/vomit 48h after surgery Lin et al. 20068 % 0%
Cost of 1% day with nausea/vomit CBHPM 2014,"" CMED 2014" USs$ 96.19
Cost of 2" day with nausea/vomit CBHPM 2014," CMED 2014" USs$ 60.63

TABLE 2 Characterization of costs for economic assessment of postoperative pain control strategies for adult patients with

cancer (fentanyl and sufentanil). Brazil, 2015.

Parameter Variation ICER,;, ICER,,,.,
Prob. AE 2" day - Patients without AE 1* day (sufentanil) 0.0-0.2 -0.87 10.57
VAS points of pain (sufentanil) 7.5-9.3 -8.68 -0.46
Cost of treatment (sufentanil) 0.0745-0.1117 -3.81 2.07
VAS points of pain (fentanyl) 5.9-8.9 -3.47 1.74
Prob. AE 1% day (fentanyl) 0.104-0.156 -3.27 1.53
Dosage of sufentanil (total) 135.7-180.9 -2.97 1.23
Cost 1+ day treatment of AE 76.95-115.43 -2.46 0.73
Prob. AE 1% day (sufentanil) 0.056-0.084 -2.23 0.49
Cost of treatment (fentanyl) 0.0025-0.039 -1.79 0.51
Prob. AE 2" day - Patients with AE 1% day (sufentanil) 0.8-1.0 -1.37 -0.87
Cost 2" day treatment of AE 48.51-72.76 -1.30 -0.44
Prob. AE 2™ day - Patients without AE 1% day (fentanyl) 0.064-0.096 -1.72 -0.01
Dosage of fentanyl (total) 1,402.0-1,858.0 -1.64 -0.10
Prob. AE 2" day - Patients with AE 1% day (fentanyl) 0.8-1.0 -0.87 0.06

AE: adverse side effects of analgesia.
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Postoperative analgesia

Sufentanil

Fentanyl

Nausea/vomit
7%

No adverse effects
93%

Nausea/vomit
13%

No adverse effects
87%

Postoperative pain control strategy using sufentanil during two days

Occurrence of adverse effects

Description of treatment

Nausea/vomit
100%

No adverse effects
0%

Nausea/vomit
0%

No adverse effects
100%

Nausea/vomit
100%

No adverse effects
0%

Nausea/vomit
8%

No adverse effects
92%

Cumulative probability

Us$ | VAS
171.57 | 1.6
11093 | 1.6
11093 | 1.6

1474 | 1.6
162.33 | 2.6
101.69 | 2.6
101.69 | 2.6

5.50 2.6

Cost (US$) Total (US$)

During 2 days Administration of sufentanil 7.00% 14.74 171.57
Adverse effects treatment (1% day) 96.19
Adverse effects treatment (2™ day) 60.63

During 1 day Administration of sufentanil 0.00% 14.74 110.93
Adverse effects treatment (1% day) 96.19

During 2" day Administration of sufentanil 0.00% 14.74 110.93
Adverse effects treatment (1% day) 96.19

No adverse effects Administration of sufentanil 93.00% 14.74 14.74

Postoperative pain control strategy using fentanyl during two days

Occurrence of adverse effects

Description of treatment

Cumulative probability

Cost (US$) Total (US$)

During 2 days Administration of fentanyl 13.00% 5.50 162.33
Adverse effects treatment (1 day) 96.19
Adverse effects treatment (2" day) 60.63

During 1 day Administration of fentanyl 0.00% 5.50 101.69
Adverse effects treatment (1% day) 96.19

During 2" day Administration of fentanyl 6.96% 5.50 101.69
Adverse effects treatment (1 day) 96.19

No adverse effects Administration of fentanyl 80.04% 5.50 5.50

FIGURE 1 Decision tree for economic assessment of postoperative pain control strategies for adult patients with cancer (fentanyl and

sufentanil). Brazil, 2015.
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FIGURE 2 Tornado diagram based on sensitivity analysis of economic assessment of postoperative pain control strategies (fentanyl and

sufentanil). Brazil, 2015.

Obs.: ae_cost_d1: cost 1% day treatment AE; ae_cost_d2: cost 2" day treatment AE; fent_aed1: probability AE 1** day using fentanyl; fent_aed2_aed1: probability AE 2" day for patients using fen-
tanyl with AE 1% day; fent_aed2_noaed1: probability AE 2" day for patients using fentanyl without AE 1** day; fent_cost: cost of treatment using fentanyl; fent_dos: dosage of fentanyl; fent_vas:
VAS points of pain using fentanyl; suf_aed1: probability AE 1% day using sufentanil; suf_aed2_aed1: probability AE 2" day for patients using sufentanil with AE 1* day; suf_aed2_noaed1: proba-
bility AE 2" day for patients using sufentanil without AE 1* day; suf_cost: cost of treatment using sufentanil; suf_dos: dosage of sufentanil; suf_vas: VAS points of pain using sufentanil. AE: adver-

se side effects of analgesia.

Discussion
There were no studies assessing cost-effectiveness of adopt-
ing fentanyl and sufentanil for postoperative analgesia
in the literature review that could allow a comparison
with the results obtained in the present study. Further-
more, the literature review conducted in this study showed
a lack of other studies regarding effectiveness and safety
of treatment using fentanyl and sufentanil for postop-
erative analgesia on oncologic surgeries, especially eco-
nomic assessments involving cancer treatment in Brazil.
The structured question used for literature review to
search scientific evidences returned only four international
studies, and only one of them presented a direct compari-
son between fentanyl and sufentanil. Considering the wide
array of techniques for postoperative analgesia, significant
part of the studies was not suitable for comparison of post-
operative pain control strategies using fentanyl and sufen-
tanil. Thus, there were a limited number of appropriate
parameters to build the decision tree model and proceed
to economic assessment of postoperative analgesia.’®
However, two studies analyzed”” in the literature review
showed higher effectiveness of fentanyl and sufentanil in

relation to any other medication used as a comparator;
except the fourth study,'® which presented better outcomes
of postoperative analgesia based on ropivacaine in relation
to fentanyl. However, it is important to point out that the
aim of the study was to test the efficacy of ON-Q pain
management system;'? that is, the focus was on the tech-
nique for administering postoperative anesthetics.

Both fentanyl and sufentanil presented VAS lower than
four, considered the limit for satisfactory analgesia.” The
costs of treatment with fentanyl was higher than the costs
of treatment with sufentanil especially due to the inci-
dence of adverse side effects (nausea and vomit) among
patients using fentanyl and due to the higher costs for
the treatment of adverse side effects in comparison to the
anesthetics prices.

The ICER of sufentanil in comparison to fentanyl
may be considered marginal (approximately US$ 6.87 per
VAS point of pain), however, there are evidences that the
substitution of fentanyl for sufentanil would represent
an annual cost reduction of approximately US$ 20,000
to the Brazilian Unified Health System, considering only
the number of cancer surgeries in the state of Sio Paulo.
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Sensitivity analysis performed in the study showed
that the estimated economic assessment model present-
ed low variation in ICER due to changes in most param-
eters of the model, indicating robustness to scenario
fluctuations. However, it is important to notice that there
was high sensitivity to variation in the probability of ad-
verse side effects in the second day among patients who
did not have adverse side effects in the first day using
sufentanil (variation of up to US$ 10.57 per additional
VAS point of pain reduced).

A study conducted with 808 patients in the United
States investigated the limits of patients’ willingness to pay
for reduction of postoperative pain, indicating that patients
in pain would be willing to pay up to US$ 35 for perfect
analgesia.” The study suggests that the use of sufentanil
should be considered cost-effective in relation to fen-
tanyl even considering the worst case scenario presented
on the sensitivity analysis.

The second parameter influencing ICER was the VAS
points of pain in the utilization of sufentanil, reinforcing
the dominance of sufentanil in comparison to fentanyl.
It is important to notice that the sensitivity analysis
showed less ICER variability in relation to the other pa-
rameters analyzed, resulting in variations from -US$ 3.81
to up to US$ 2.07 per VAS point of pain reduced.

The main limitations of the study presented include:
utilization of data from literature review based on popu-
lation from other countries due to absence of studies
performed in Brazil; significant sensitivity of the model
in relation to one key parameter; and lack of observa-
tional studies with representativeness at population level,
especially involving the Brazilian population, in order to
provide additional information on effectiveness and safe-
ty of postoperative analgesia relating to cancer treatment.

ConcLusioN
The economic assessment developed based on the decision
tree model for postoperative pain control strategies for
adult patients with cancer showed dominance of sufen-
tanil in comparison to fentanyl, due to lower costs of
treatment and better outcomes in health status. The sen-
sitivity analysis performed showed robustness of the
model, based on parameters derived from literature review
and data collection on medical procedures and costs.
The results obtained suggest the need for Brazilian
studies on the cost-effectiveness of adoption of fentanyl
and sufentanil for postoperative analgesia, in order to
validate the premises adopted in the present study and
allow for the use of real life data to improve robustness
and reliability of economic assessment models designed

for comparison of postoperative pain control strategies
using fentanyl and sufentanil.

Resumo

Avaliacio econdmica de estratégias para controle da dor
pos-operatéria para tratamento de pacientes adultos
com cancer

Objetivo: O artigo apresenta uma avaliacio econdmica de
opioides atualmente utilizados no controle de dor pds-ope-
ratéria relacionada ao tratamento cirdrgico do cancer (fen-
tanil e sufentanil) no contexto do Sistema Unico de Satide.
Método: A avaliacio baseou-se na perspectiva do governo,
de forma a colaborar na promogio da efetividade das
politicas publicas de satide e melhorar a alocagdo de re-
cursos publicos em satide. Uma andlise custo-efetividade
foi realizada a partir de dados coletados no Sistema Unico
de Satde e de informacgdes provenientes de revisdo da li-
teratura para construcio de uma 4rvore de decisio con-
tendo alternativas para controle de dor pds-operatéria
relacionada ao tratamento cirdrgico do cincer entre pa-
cientes adultos. Os desfechos considerados foram: efeti-
vidade da analgesia pds-operatéria e ocorréncia de ndusea
e vomito no periodo de 48 horas apés cirurgia e em ciclos
adicionais de 24 horas de seguimento do paciente. Uma
andlise de sensibilidade univariada foi conduzida para
verificar a robustez do modelo estimado.
Resultados: Na revisio de literatura, um ndmero limita-
do de estudos efetuou comparacio direta entre fentanil
e sufentanil no controle de dor pés-operatéria. A adogio
de sufentanil (custo = U$ 25,72 / desfecho = 1,6 pontos
VAS) foi dominante em relacio ao uso do fentanil (custo
=US$ 32,58 / desfecho = 2,6 pontos VAS). O modelo esti-
mado demonstrou robustez em relacio a mudancas nos
pardmetros analisados.
Conclusio: O sufentanil apresentou razdo custo-efetivi-
dade superior em relagio ao fentanil no controle de dor
pos-operatdria em cirurgias relacionadas ao tratamento de
cancer entre pacientes adultos no Sistema Unico de Satde.

Palavras-chave: avaliacio em satde, analgesia, medi¢io

da dor.
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INTRODUCTION

SUMMARY

Objective: Interaction between advanced glycation end-products (AGEs) and
receptor for AGEs (RAGE) in cells could affect both extracellular and intracellular
structure and function, which plays a pivotal role in diabetic microvascular
complications. The results from previous epidemiological studies on the
association between RAGE gene -374T/A polymorphism and diabetic retinopathy
(DR) risk were inconsistent. Thus, we conducted this meta-analysis to summarize
the possible association between RAGE -374T/A polymorphism and DR risk.
Method: We searched all relevant articles on the association between RAGE
-374T/A polymorphism and DR risk from PubMed, Cochrane Library, ScienceDi-
rect, Wanfang, VIP and Chinese National Knowledge Infrastructure (CNKI) web
databases up to August 2016. Odds ratio (OR) with 95% confidence interval (CI)
were calculated to assess those associations. All analyses were performed using the
Review Manager software.

Results: Nine case-control studies, including 1,705 DR cases and 2,236 controls
were enrolled, and the results showed that the A allele of RAGE -374T/A polymor-
phism was significantly associated with increased DR risk in dominant model (TA/
AAvs. TT: OR=1.22,95CI 1.05-1.41, p=0.006) and heterozygote model (TA vs. TT:
OR=1.26,95CI 1.07-1.47, p=0.005). The subgroup analysis by ethnicity showed that
significantly increased DR risk was found in both Asian and Caucasian populations.
Conclusion: This meta-analysis reveals that the A allele of RAGE -374T/A
polymorphism probably increase DR risk.

Keywords: polymorphism, genetic, diabetic retinopathy, meta-analysis.

in the pathogenesis of DR, including duration of diabetes,

Diabetic retinopathy (DR) is the most common diabetic
microvascular complications, affecting approximately
4.8% of diabetes mellitus patients all over the world.! DR
is one of the most important health threats and the lead-
ing cause of blindness in diabetes mellitus patients.? The
pathophysiology of DR, characterized as basement mem-
brane thickening, pericyte loss, endothelial cell dysfunction,
microaneurysms, microvascular infarcts and neovascular-
ization, is complex and multifactorial, and has not yet
been clarified.>” DR is a complex disease caused by mul-
tiple genetic, environmental, and clinical factors. Previous
epidemiological studies have identified several risk factors

poor disease control, systemic hypertension and protein-
uria.® However, these clinical risk factors account only for
small portion of the severe forms of DR. Recently, numer-
ous reports have shown that genomics play an important
role in the susceptibility and progression of DR.>!!

In diabetes mellitus patients, high levels of blood
sugar lead to nonenzymatic protein glycation and the
formation of advanced glycation end-products (AGE).*?
AGE could bind to a specific receptor known as receptor
for advanced glycation end-products (RAGE)."* Many
studies have investigated that AGEs and RAGE were
over-expressed in DR.!!5 The interaction of AGE with
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RAGE could lead to a positive feedback loop that en-
hances the expression of RAGE in the retina, then activates
a number of transcription factors, adhesion molecules
and tissue factor, and thus induces oxidative stress, cel-
lular dysfunction, increased vascular permeability, ad-
hesion molecule expression and cytokine production.'¢'8
All of these effects could promote procoagulant and hy-
poxic state in the microcapillaries of the retina and leads
to the initiation of the angiogenic process in prolifera-
tive DR. The RAGE gene is located on chromosome
6p21.3 in MHC Class III region, and the -374T/A poly-
morphism is the well-characterized genetic variant of
this gene.!?° Researches have demonstrated that -374T/
A polymorphism of the RAGE gene could resultin a T-
to-A nucleotide substitution, which leads to prevent the
binding of a nuclear binding factor and thus increase
RAGE gene transcription activity.?’ Therefore, RAGE
-374T/A variant may result in susceptibility to and pro-
gression of DR.

Numerous case-control studies have observed the
association between RAGE -374T/A polymorphism and
DR risk.?%2® However, their results revealed tremendous
disparity that may be attributed to possible selection
bias or individual small-sized studies. Thus, we carried
out the meta-analysis to distinguish the association
between the RAGE -374T/A polymorphism and DR risk.

MEeTHoD

Literature search

Eligible studies were identified using PubMed, Cochrane
Library, ScienceDirect, Wanfang, VIP and CNKI web da-
tabases with following keywords: “diabetic retinopathy,”
“RAGE or AGER Receptor for advanced glycation end-
products,” “-374T/A or -374A” and “polymorphism or
mutation or variant” updated up to October17, 2015.
Reference lists of relevant articles were reviewed manu-
ally to look for additional studies. We did not restrict
language of the article in this process.

Inclusion and exclusion criteria

Articles included in this meta-analysis were required to
meet the following requisites: a) observe an association
between -374T/A polymorphisms in RAGE gene and DR
risk; b) apply a case-control or cohort study design; c)
have enough genotype frequencies in both case and con-
trol groups. The major exclusion criteria were: a) dupli-
cated articles in different databases; b) reviews, comments
and editorials; c¢) low-quality studies, for example case-
only studies; d) insufficient data to calculate the effects;
e) case groups enrolling type 1 diabetes mellitus (T1DM)

patients only. We only included studies presenting good
design quality and large sample sizes, in addition to sim-
ilar patient populations.

Data extraction

Two reviewers independently extracted the following
data from the enrolled studies: The data of the enrolled
studies, including authors, country, ethnicity, publica-
tion year, source of control, sample size, age, gender fre-
quencies, diabetes mellitus (DM) duration, body mass
index (BMI) and hemoglobin Alc (HbAlc) levels, and
genotype frequencies in both case and control groups.
Disagreements regarding the extracted data between the
two reviewers were thoroughly discussed in order to reach
a final consensus.

Statistical analysis

The y? analysis was used to test Hardy-Weinberg equilib-
rium (HWE) in control groups and a p-value < 0.05 was
considered as departure from HWE.?’ Pooled odds ratio
(OR) with 95% confidence intervals (CI) was calculated
to assess the strength of the association between RAGE
-374T/A polymorphism and DR risk in allelic comparisons
(A vs. T), homozygote (AA vs. TT), heterozygote (TA vs.
TT), dominant (AA/TA vs. TT) and recessive models (AA
vs. TA/TT), respectively. Heterogeneity among studies
was evaluated using y* test and I?. If substantial hetero-
geneity was present (p<0.10 or I*>50%), the random-effects
model was used as the pooling method; otherwise, the
fixed-effects model was applied.***! Finally, publication
bias was evaluated using egger’s linear regression test.?»*
All statistical analyses of this study were conducted by
using Review Manager software version 5.2.11 (RevMan;
Cochrane Collaboration).

ResuLts

Characteristics of eligible studies

The flowchart shows the study selection procedures of
this meta-analysis (Figure 1). After careful search and
selection, nine case-control studies with 1,705 cases and
2,236 controls were enrolled in this meta-analysis. Table 1
shows the main characteristics of each study. Of the nine
studies included, five were performed in Caucasian pop-
ulations and four in Asian populations.

Association of rs1057035 and overall cancer susceptibility

When we pooled all the results of the studies included
in our analysis, the results showed that RAGE -374T/A
polymorphism was significantly associated with increased
DR risk in dominant (TA/AA vs. TT: OR=1.22,95CI 1.05-
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1.41, p=0.006) and heterozygote (TA vs. TT: OR=1.26,
95CI 1.07-1.47, p=0.005) models. However, there was no
association between RAGE -374T/A polymorphism and
DR risk in allelic comparison, homozygote model, and
recessive model. Subgroup analysis by ethnicity showed
that significantly increased DR risk was found in Asian
populations (TA/AA vs. TT: OR=1.22,95CI 1.05-1.41,
p=0.006; AA vs. TT/TA: OR=2.92,95CI 1.47-7.48, p=0.030;
AAvs. TT: OR=3.17, 95CI 1.23-8.16, p=0.020), and in
Caucasian populations (AA vs. TT: OR=1.24, 95CI 1.03-
1.50, p=0.030). When stratified by case sample size, sig-
nificantly increased DR risk was observed in case sample
size > 150 group (TA vs. TT: OR=1.22, 95CI 1.02-1.45,
p=0.030), but not in case sample size < 150 group in any
of the models (Table 2).

Heterogeneity analysis

There was no significant heterogeneity observed in the

allelic comparison (A vs. T), heterozygote model (TA vs.
TT), and dominant model (AA/TA vs. TT) for overall anal-
ysis (P>0.10), thus, fixed effects model was performed to

pool the data. However, significant heterogeneity was ob-
served in the homozygote (AA vs. TT) and recessive (AA vs.
TA/TT) models for overall analysis (both P,<0.10). Because

of that, we performed the subgroup analyses to explore the

source of heterogeneity. Although the results indicated

that heterogeneity was still significant in Caucasian pop-
ulations (AA vs. TT/TA: P,=0.03; AA vs. TT: P,=0.03) and

in case sample size < 150 group (AA vs. TT/TA: P,=0.005;

AAvs. TT: P,=0.005), it clearly decreased in Asian popula-
tions (AA vs. TT/TA: P,=0.88; AA vs. TT: P,=0.87) and in

256 studies in Chinese

Articles identified through PubMed, Cochrane Library, ScienceDirect,
CNKI, Wanfang, VIP databases (N=574): 318 studies in English and

Excluded based on title and abstract review
Irrelevant articles (N=472)
Epidemiological studies (N=16)
Animal studies (N=21)

Studies analyzing other endpoints such as diabetic

nephropathy or ischemic heart disease (N=11)

Full-text evaluation and data collection after the first selection (N=54)

Further excluded:
Reviews or meta-analysis (N=22)
Insufficient data (N=3)
Overlapping data (N=10)
Other receptor for RAGE gene polymorphisms (N=10)

Articles included in the present meta-analysis (N=9)

FIGURE 1 Flow diagram of search strategy and study selection.
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case sample size > 150 group (AA vs. TT/TA: P,=0.15; AA
vs. TT: P,=0.19) (Table 2).

Publication bias

Both the funnel plots and Egger’s linear regression test
indicated that there was no significant publication bias
in any of the above-mentioned inherited models (data
not shown).

Discussion

This meta-analysis included nine case-control studies
with 1,705 DR cases and 2,236 controls, and the results
showed that the A allele of RAGE -374T/A polymorphism
was significantly associated with increased DR risk in the
dominant and heterozygote models.

The deregulation of AGEs and RAGE is supposed to
play a pivotal role in diabetes mellitus development and
progression.** Many studies have investigated that AGEs
and RAGE were overexpressed in the target organ of dia-
betic microvascular complications.*® AGEs and RAGE
play a complex role in DR through their ability to activate
several intracellular cascades, such as NADPH-oxidase/
NEF-Kb and p21ras/MAP-kinase/AP-1 pathway.’® The
interaction of AGE with RAGE could lead to a positive
feedback loop that enhances the expression of RAGE in
the retina, then induces oxidative stress, cellular dysfunc-
tion, increased vascular permeability, adhesion molecule
expression, cytokine production and initiation of coagu-
lation, and thus causes a plethora of deleterious effects.!¢'8

Given the critical function of RAGE in oxidative stress
and inflammatory response in DR, it is reasonable to
suppose that host genomic polymorphism of RAGE may
influence DR risk. -374T/A polymorphism is located in
the promoter region of the RAGE gene, which could affect
RAGE mRNA and protein expression. Recently, several
studies have researched the role of -374T/A polymorphism
in the etiology of DR.?*?® However, their results were not
consistent. One meta-analysis was conducted by Lu et
al.?” to assess the association of RAGE -374T/A polymor-
phism with DR risk. However, there were numerous ad-
vantages of our research over that of Lu et al.*” First, our
meta-analysis included a total of nine Chinese populations
with 1,705 DR cases and 2,236 controls, which enrolled
more studies and subjects than the aforementioned stud-
ies. Second, compared with the study by Lu et al., our
meta-analysis performed a subgroup analysis that could
clarify possible bias from different ethnic populations
and sample sizes.”” Therefore, our meta-analysis could
provide additional precision to characterize the associa-
tion of the RAGE -374T/A polymorphism with DR risk.

Third, the study by Lu et al. did not find an association
of the RAGE -374T/A polymorphism with DR risk in any
genetic models.’” However, our meta-analysis results
showed that the A allele of RAGE -374T/A polymorphism
was significantly associated with increased DR risk in
both the dominant and heterozygote models. The A allele
of RAGE -374T/A polymorphism may prevent the bind-
ing of a nuclear binding factor, leading to increased RAGE
gene transcription activity, and thus contributes to in-
crease the risk of DR.

In the subgroup analysis by ethnicity, there were differ-
ent results in Asian and Caucasian populations. One reason
may be that the number of studies and number of subjects
in Asian and Caucasian populations were relatively small,
yielding insufficient statistical power to observe the same
association in different populations. The other reason may
be that Asian and Caucasian populations have different
genetic backgrounds, life-styles, and dietary habits, and
therefore produce different degrees of DR susceptibility.

In addition, significant heterogeneity was observed in
our meta-analysis. Thus, we performed subgroup analyses
stratified by ethnicity and sample size in order to explore
the potential sources of heterogeneity, and the results clear-
ly showed less heterogeneity in Asian populations and in
case sample size > 150 group, which was still significant in
Caucasian populations and in case sample size < 150 group.
The reason may be that we were not able to perform an
analysis adjusted for the demographic characteristics and
clinical features, which were also sources of heterogeneity
as the unavailable individual data of the eligible studies.

Despite the meaningful results from our meta-analysis,
there were also some limitations. First, although we in-
cluded nine studies with 3,941 subjects to investigate the
association of RAGE -374T/A polymorphism with DR risk,
sample size was still not big enough to provide adequate
statistical power. Second, there are other important genetic
polymorphisms involved in AGE-RAGE interaction and the
downstream oxidative stress and inflammatory response
pathways that may affect the risk of DR, such as AGEs, en-
dothelin 1, nitric oxide synthase 3, and lymphotoxin-a. gene
polymorphisms. Nevertheless, we did not research the po-
tential interactions of the RAGE -374T/A polymorphism
with them as there were no sufficient data.

In conclusion, our meta-analysis suggests that the A
allele of RAGE -374T/A polymorphism might confer a
moderately augmented risk for DR. We also conducted a
subgroup analysis for ethnicity, the potential confound-
ing of DR, to further clarify this association. Further
well-designed studies with larger sample sizes and function
researches are warranted to validate our findings.
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ORIGINAL ARTICLE

What clinical, functional, and psychological factors before
treatment are predictors of poor quality of life in cancer patients
at the end of chemotherapy?
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SUMMARY

Objective: To correlate physical activity level (PAL), functional capacity and
psychological state with quality of life (QoL) in cancer patients undergoing
chemotherapy (CT).

Method: Observational cohort study. Patients (n=121) with any primary cancer
site with indications of chemotherapy with palliative or curative intent were
evaluated at three moments: 1) patient admission (week 0), before chemotherapy;
2) week 8; 3) end of CT. Data were collected regarding QoL, PAL, clinical data,
functional capacity (short walking distance test, sitting-rising test, isometric
manual gripping force), and anxiety and depression tests.

Results: There was significant improvement at the end of CT for: level of physical
activity; walk test (> 500 meters); sitting-rising test (> 20x). There was a significant
reduction in the prevalence of moderate/severe depression. The prevalence of
high QoL showed a significant increase in evaluation 3 (42.4% vs. 40.0% vs. 59.2%,
p=0.02). Education up to high school level, low PAL, walking < 300 meters, sitting
and rising < 20 times, having depression (moderate to severe) and QoL that was

Study conducted by Health Science
Graduate Program, Universidade Federal
de Roraima, Boa Vista, RR, Brazil

not high at the start of treatment (week 0) all proved to be risk factors for low
Article received: 2/10/2017

quality of life at week 16. Conversely, early staging, curative intent chemotherapy
Accepted for publication: 3/12/2017

and low-grade symptoms were shown to be protective factors.
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Address: Av. Ené Garces, s/n,
Campus de Paricarana

Boa Vista, RR - Brazil

Postal code: 69307-000
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Conclusion: Performing less than 20 movements in the sitting-rising test and
low PAL at the start of chemotherapy represent independent risk factors for low
quality of life at the end of chemotherapy.

Keywords: neoplasms, antineoplastic agents, drug therapy, quality of life, exercise,

http://dx.doi.org/10.1590/1806-9282.63.11.978

physical and rehabilitation medicine.

INTRODUCTION
The overall survival of cancer patients has steadily in-

been affected by the disease. This advance in cancer con-
trol has also led to the need for new rehabilitation mod-

creased over recent decades. Currently, 65% of such pa-
tients survive after 5 years of diagnosis."” Screening strat-
egies and the pursue of early diagnosis of cancer, as well
as the development of more effective therapeutic options
have resulted in a growing number of cancer survivors in
the population, whose function and quality of life have

els in order to preserve and promote the patient’s func-
tionality before and after cancer treatment.>*

There are many challenges coped by cancer patients,
some related to the disease itself and others related to the
side effects of cancer treatment, especially chemotherapy.

Both impair the physical and psychosocial balance of the
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WHAT CLINICAL, FUNCTIONAL, AND PSYCHOLOGICAL FACTORS BEFORE TREATMENT ARE PREDICTORS OF POOR QUALITY OF LIFE IN CANCER PATIENTS AT THE END OF CHEMOTHERAPY?

person and, in parallel, quality of life deteriorates. Evidence
shows that most cancer patients experience moderate to
severe fatigue, in addition to objective muscle weakness.
They also demonstrate less tolerance to physical exercise
and a decline in functional capacity when performing ac-
tivities of daily living.’ Other authors have described how
the low level of physical fitness and the reduced functional
capacity of cancer patients to perform activities of daily
living usually negatively impact the life of the survivors.*”
In the medium and long term, the psychosocial and physi-
cal problems faced by cancer patients can negatively affect
their quality of life.® This is more and more concerning
given that there is empirical evidence that a reduced quality
of life correlates to a shorter survival after cancer treatment.’

The type and duration of cancer treatments are indi-
vidualized and vary, depending on the type, severity and
staging of the cancer.® Although the primary goal of treat-
ment choice is to cure the cancer and prolong life, there is
a need for preservation and/or recovery of the patient’s
quality of life. The use of complementary therapies to pro-
mote well-being and the satisfaction of the patients’ holis-
tic and psychosocial needs is important in this context.’
Physical activity, based on guided physical training, has
been studied and indicated in this sense.>*!°

Although there is considerable public awareness about
the importance of physical activity for the prevention and
control of multiple diseases, its role in the treatment of
cancer has been undervalued.!! Most studies on the cor-
relation between physical activity and cancer are aimed at
assessing the role of physical activity in preventing disease.
A meta-analysis that re-evaluated 73 studies showed that
increased levels of physical activity reduced the risk of’
breast cancer by 25% over a lifetime.!! On the other hand,
the medical literature is relatively scarce on the role of
physical activity in the complementary treatment of can-
cer patients. There is evidence that high levels of physical
activity after the diagnosis of the disease reduce the mor-
tality of patients with breast, colon and prostate cancer.'?
There are also studies demonstrating that cancer patients
(especially breast and prostate) undergoing exercise pro-
gram interventions improve physical fitness, physical func-
tion, symptoms and mood.®'? Also in this regard, a recent
observational study has shown that patients with breast
or prostate cancer who participate in higher levels of
physical activity significantly reduce the risk of recurrence
of the disease, as well as specific cancer mortality."?

Cancer is a disease that causes great stress to the pa-
tient, family and all those involved in the treatment.
Throughout the disease’s trajectory, physical and psycho-
logical stressors are related to and affect quality of life

and the success of patient outcomes.'* Therefore, studies
investigating which factors affect the quality of life of
cancer patients undergoing treatment are important and
necessary for the development of strategies that minimize
the deleterious effects of cancer and cancer therapy. The
objective of this study is to correlate the level of physical
activity, functional capacity, psychological state (anxiety
and depression) and the quality of life of cancer patients
undergoing chemotherapy.

MEeTHoD

Study design

This is an observational descriptive cohort study, includ-
ing a quantitative analysis, designed to evaluate the cor-
relation between the level of physical activity, functional
capacity, psychological status and clinical data and the
quality of life (QoL) of patients undergoing chemother-
apy in Roraima, in the years 2015 and 2016.

Study setting and population

The study was carried out at the Oncology High Complex-
ity Assistance Unit (Unacon-RR) located in Boa Vista,
capital of the state of Roraima. The Unacon-RR has a
multiprofessional team and offers clinical oncology and
chemotherapy at all levels, among other services.

The target population of the study comprised patients
with a cancer diagnosis confirmed by histopathological
or cytological tests, registered at the Unacon-RR, with
indication for cancer treatment based on adjuvant, cura-
tive, palliative or neoadjuvant systemic chemotherapy.
Currently, approximately 500 new cases of cancer per
year (excluding non-melanoma skin cancers) are esti-
mated for Roraima."

Sample and sampling

For the purposes of sample calculation, an acceptable error
of 10%, and 95% confidence interval were considered, yield-
ing a total of 60 patients, considering a prevalence of low
quality of life of 30% based on an analogous study.’ The
sampling method was systematic, simple and individual,
that is, from the beginning of collection, all patients were
invited to participate in the survey, consecutively, without
selection, until reaching the sample target. The inclusion
period occurred between March 1,2015 and June 30, 2016.

Research procedures

All patients who attended the Unacon-RR Chemotherapy
Center with a medical prescription to begin chemother-
apy were approached and invited to participate in the
research, daily, through an active search. We included
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adult patients of both genders, with a histopathological
diagnosis of malignant cancer at any location, with a good
or reasonable general condition (defined by an ECOG
Performance status between 0 and 3). Patients who had
already undergone some form of chemotherapy regimen
for the current condition were excluded, as well as patients
with significant neurological deficits, oxygen-dependent
patients, pregnant women and those who could not un-
derstand the purposes of the research.

The cohort consisted of three assessments of each
patient. Assessment 1 was performed upon the patient’s
admission (week 0), before starting treatment. Clinical
and sociodemographic data were collected through a
face-to-face interview in a confidential doctor’s office. For
the quality of life analysis, we used the domain “General
Health Status and Quality of Life” of the specific question-
naire for cancer patients by the European Organization
for Research and Treatment of Cancer - Quality of Life
Questionnaire - EORTC QLQ-C 30.' The patient’s psy-
chological status was analyzed using the Portuguese ver-
sions of the Beck Depression Inventory (BDI),"” for de-
pression, and the Beck Anxiety Inventory (BAI),'® for
anxiety assessment. These tests were conducted by a psy-
chologist.”” For assessment of the physical activity level,
we used the International Physical Activity Questionnaire
(IPAQ), an instrument validated to measure physical activ-
ity level and effort intensity in the adult population (age
range 15-69 years), which generates a metabolic expendi-
ture result called METs.2° The patients were then submit-
ted to anthropometric measurements and underwent
three physical tests for functional capacity: (1) a short
walk test of 6 minutes: the patient was motivated to walk
as far as possible for 6 minutes under the researcher’s
supervision. Every 30 seconds the patient was encouraged
to continue walking as fast as possible; however, the test
would be stopped if requested by the patient. After the
time was over, the distance walked by the patient in me-
ters?! was measured; (2) upper limb strength test: the
isometric manual grip strength was measured using a
hand dynamometer (Jamar®, USA). The patient was asked
to squeeze the dynamometer with as much force as pos-
sible. The score obtained was the highest value of three
repetitions using the left and right hands;** (3) lower limb
strength test: the sitting-rising test was performed in
1 minute. After being placed in a chair approximately 43 cm
high, the patient was encouraged to perform the greatest
number of sitting and rising movements for 1 minute, and
the number of movements obtained was recorded.?

Assessment 2 was carried out in week 8, during the
course of chemotherapy. In this phase, data on quality of

life, functional capacity tests, physical activity level, weight,
waist circumference and ECOG Status Performance were
collected. The last assessment (3) was performed at week
16 (at the end of chemotherapy), and the same data as
assessment 1 was analyzed. In order to carry out data
collection at all stages, the professionals involved (psy-
chologist, physical educator and physician) were the same,
and followed the same methods.

Variables and data analysis

The main outcome was the incidence of poor quality of
life at week 16. EORTC-C30 questionnaire score lower
than 80 points (according to the author’s guidelines)
meant a low level of quality of life. Demographic, per-
sonal and clinical data, as well as physical activity and
psychological status were analyzed as descriptive and/or
explanatory variables. The incidence of low quality of life
was expressed with a 95% confidence interval using the
Newcombe-Wilson method.

A descriptive statistical analysis was performed, includ-
ing distribution frequency for categorical variables, and
means (with standard deviation) and medians (with inter-
quartile deviation) for continuous variables, with normal
and non-normal distribution, respectively. For comparison
of the sample means, Student’s t-test was used for variables
with a normal distribution and homogeneity of sample
variances. If it was not possible to use Student’s t-test, the
Mann-Whitney test was used for this purpose.

We used the Chi-squared test to compare differences
in the proportions of categorical variables. Relative Risk
(RR) and 95% CI were calculated in a bivariate analysis,
while the adjusted RR (RRa) derived from a multivariate
analysis using the Mantel-Haenszel method. The crite-
rion for selection of explanatory variables for entry into
the multivariate analysis was the critical value of p<0.15
in the bivariate analysis. The data was analyzed using
Epilnfo® software version 7 (CDC, Atlanta, USA).

Ethical aspects

The study was approved by the Research Ethics Committee
involving human beings of the Federal University of Ror-
aima (CAAE 42404914.1.0000.5302). The research team
ensured the secrecy and confidentiality of the data. The
patient’s decision not to participate in the research did not
result in sanctions of any nature for the research subject.

ResuLts

One hundred and thirty-three (133) patients were invited
to participate in the study. Twelve (12) patients refused
to participate and the final sample consisted of 121 pa-

980

Rev Assoc Mep Bras 2017; 63(11):978-987



WHAT CLINICAL, FUNCTIONAL, AND PSYCHOLOGICAL FACTORS BEFORE TREATMENT ARE PREDICTORS OF POOR QUALITY OF LIFE IN CANCER PATIENTS AT THE END OF CHEMOTHERAPY?

tients. Six of these 121 left the study because they died
before the final evaluation. At admission, the mean age
was 58.7 (+13.1) years. Seventy (70) patients were female
(57.8%) and the most common level of education was up
to primary school (n=84, 69.4%). The most representative
marital status among the patients was married/common
law partner (n=72, 59.5%). In relation to current or previ-
ous smoking status, 77 patients (63.6%) reported previous
or current use of tobacco. Regarding body mass index
(BMI), 46 patients (38.0%) were within the normal range
(20 to 25 kg/m?). As for the primary site of cancer, gas-
trointestinal cancer (n=48, 39.6%) occurred most fre-
quently, followed by breast (n=43, 35.5%) and lung (n=17,
14.0%) cancer. The most common initial staging (TNM)
was advanced disease (stage III and IV) compared with
early disease, stages I and II (86.7% versus 13.3%); the most
prevalent chemotherapy was palliative (n=72, 59.5%).
When evaluating anthropometric measurements over
time, there was no significant variation in mean weight or
mean BMI. A significant reduction in the proportion of
patients with low physical activity level was observed using
the IPAQ questionnaire in the three assessments (70.6% vs.
52.2%vs. 51.3%, p=0.01). Also, in the evaluation of the level
of physical activity, the mean METs spent in the previous
week showed a linear and significant increase (344 vs. 596
vs. 951, respectively, p=0.005). Analyzing the functional
capacity tests, in the walk test we observed that the mean
number of meters reached in 6 minutes fell in week 8, fol-
lowed by a significant improvement in week 16, exceeding
the baseline values (438 m vs. 371 m vs. 490 m, p=0.002).
The same pattern of worsening followed by improvement
was observed for the 1-minute sitting-rising test. The mean
number of movements performed in the assessments were
18.8 vs. 17.0 vs. 23.7, respectively (p=0.02). The mean values
of the palmar grasp test varied slightly in the cohort, with
anon-significant trend towards a reduction in both hands.
Figure 1 illustrates this data. In the psychological test as-
sessment, there was a significant decline in the prevalence
of depression classified as moderate/severe between weeks
0 and 16 (22.0% vs. 10.8%, respectively, p=0.02). There was
no significant variation in the prevalence of moderate to
severe anxiety (13.5% vs. 6.1%, respectively, p>0.05). The
prevalence of high quality of life (score > 80 points) showed
a time progression that worsened at week 8 compared with
week 0, followed by a significant improvement at week 16,
respectively 42.4% vs. 40.0% vs. 59.2% (p=0.02). On the
other hand, the data on the functional and symptom scale
did not change significantly. Figure 1 illustrates this data.
Considering incidence of low quality of life in the last
assessment (week 16) as an outcome, the explanatory vari-

ables were correlated in a univariate analysis (Table 1). In
this analysis, low level of education (up to high school
level) increased the risk of poor quality of life in relation
to those with a higher education (58.2% vs. 23.2%, respec-
tively, p 0.02), more than doubling the risk of low QoL
(RR=2.27,95CI 1.15-5.53). On the other hand, early cancer
staging and undergoing chemotherapy for curative pur-
poses were protective factors. While patients with early
cancer staging had a 10.3% incidence of low QoL, patients
with advanced staging presented a 58.8% risk of low QoL
(RR=0.21, 95CI 0.08-0.78). Similarly, curative treatment
substantially reduced the risk of low QoL compared with
palliative chemotherapy (30.6% vs. 65.4%; p=0.01, RR=0.45,
95CI 0.22-0.90). On the other hand, a low level of activity
at the start of chemotherapy also correlated unfavorably
with QoL at the end of treatment compared to those with
moderate/high level of physical activity (62.2% vs. 25.6%,
respectively, p=0.008; RR=2.22; 95CI 1.33-6.82). For the
walk test, we observed that walking less than 300 meters
was also a risk factor for low QoL, which corresponded to
a 78.8% incidence of low QoL at the end of CT (p=0.018,
RR=1.82; 95CI 1.16-5.88), as opposed to walking more than
500 meters, which provided a lower incidence risk for low
QoL (43.2%). Surprisingly, the sitting-rising test was an-
other representative variable to indicate low QoL at the
end of chemotherapy. Sitting and rising less than 20 times
compared to sitting and rising more than 20 times repre-
sented a high risk for developing low QoL (78.8% vs. 30.2%,
p<0.001, RR=2.58, 95CI 1.25-4.90).

Regarding the psychological tests, a depressed mood
test classified as moderate/severe was shown to be a risk
factor for a higher incidence of low QoL compared to
patients classified as minimally/mildly depressed (84.8%
vs. 34.2%, p=0.005, RR=2.42, 95CI 1.28-4.80). Similarly,
having a high quality of life (up to 80 points) at week 0
also increased the incidence of low QoL at the end of
chemotherapy (72.2% vs. 20.2%, p=0.0001, RR=3.92, 95CI
1.53-11.21). Functional scale and symptom scale proved
to be protective factors, that is, having a high functional
scale (> 80 points) reduced the incidence of low QoL to
half compared with a low one (up to 80 points) (RR=0.50,
95CI 0.13-0.90). As for the symptom scale, low scores
(< 30 points) compared with those not classified as low
(30 points or higher) also decreased the risk for incidence
of low QoL by half (35.2% vs. 70.6%, p=0.029, RR=0.49,
95CI 0.12-0.89). The other explanatory variables did not
correlate with quality of life at the end of chemotherapy
(see Table 1).

The variables related to physical activity that corre-
lated with quality of life in the univariate analysis were
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FIGURE 1 Variation of parameters related to physical activity and quality of life at chemotherapy weeks 0, 8 and 16. A. Level of physical
activity (METs). B. Grip strength (kg.force). C. 6-minute walk (meters). D. Sitting-rising (repetitions). E. Prevalence of low symptom scale (< 30

points). F. Prevalence of high quality of life (> 80 points).

TABLE 1 Univariate analysis: correlation between explanatory variables measured at admission (week 0) and incidence of

low quality of life (score < 80) at the end of the cohort (week 16), Boa Vista, RR.

Explanatory variable (week 0) Incidence of low quality of life at week 16 p-value Relative risk (95Cl)
Age over 50 years 52.2% ns 1.08 (0.74-3.99)

Age up to 50 years 46.8% 1

Age over 60 years 49.2% ns 0.78 (0.35-1.86)

Age up to 60 years 54.7% 1

Female 48.2% ns 0.95(0.50-1.57)
Male 54.4% 1

(continues)
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TABLE 1 (Cont.) Univariate analysis: correlation between explanatory variables measured at admission (week 0) and

incidence of low quality of life (score < 80) at the end of the cohort (week 16), Boa Vista, RR.

Explanatory variable (week 0) Incidence of low quality of life at week 16 p-value Relative risk (95CI)
Married/Common-law 52.2% ns 1.30 (0.59-1.86)
Single/Widow(er)/Divorced 41.7% 1
Education up to high school 58.2% 0.02 2.27 (1.15-5.53)
Higher education 23.2% 1
Early staging 10.3% 0.008 0.21 (0.08-0.78)
Late staging 58,8% 1
Curative chemotherapy 30.6% 0.01 0.45 (0.22-0.90)
Palliative chemotherapy 65.4% 1
ECOG performance status
0,1or2 40.6% ns 0.85(0.25-3.25)
3or4 50.2% 1
Body mass index
Less than 20 52.0% ns 1.18 (0.25-4.87)
Less than 25 50.2% ns 1.15(0.28-3.21)
Less than 30 48.6% ns 1.04 (0.32-3.22)
Greater than 30 40.6% 1
Manual grip strength, right
Less than 30 kg.force 55.6% ns 1.12 (0.35-2.84)
Greater than 30 kg.force 50.2% 1
Manual grip strength, left
Less than 30 kg.force 47.2% ns 0.95(0.52-2.61)
Greater than 30 kg.force 51.4% 1
Baseline level of physical activity
Low 62.2% 0.008 2.22(1.33-6.82)
Moderate/High 25.6% 1
Walk test
Less than 300 m 78.8% 0.018 1.82 (1.16-5.88)
Less than 400 m 48.2% ns 1.12 (0.62-2.34)
Less than 500 m 47.6% ns 1.10 (0.60-2.23)
More than 500 m 43.2% 1
Sitting-rising test
Less than 20 times 78.0% <0.001 2.58 (1.25-4.90)
More than 20 times 30.2% 1
Anxiety test
Moderate/Severe 68.2% ns 1.58 (0.66-3.24)
Minimal/Mild 45.2% 1

reassessed in a multivariate analysis, through stratification
from other explanatory variables and adjustment using
the Mantel-Haenszel method. Maintaining low quality
of life as an outcome, we observed that patients who failed
the sitting-rising test (< 20 times) at week 0 were estab-
lished as an independent risk factor for low QoL at week
16, when adjusted for the explanatory variables (func-
tional scale, symptom scale, depression test and quality
of life at week 0). The same can be observed for the level

of physical activity classified as low on admission. On the
other hand, a walk test less than 300 meters was not con-
firmed as an independent risk factor. Table 2 describes
the adjusted values.

Discussion

In our sample, gastrointestinal cancer was the most com-
mon type of cancer, followed by breast and lung disease.
According to Inca data, in the North and Northeast regions,
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TABLE 2 Multivariate analysis: adjustment of relative risk of variables related to physical activity for low quality of life at

week 16. Stratification by selected variables in the univariate analysis (Mantel-Haenszel method).

Adjusted relative risk (95% confidence interval) for low quality of life (week 16). Stratification

based on the variables below (week 0) Mantel-Haenszel method.

Explanatory variables related to  Depressed mood

physical activity (week 0) (moderate/severe vs. mild/mininal)

Functional scale
(cut-off = 80)

Baseline quality of life
(cut-off = 80)

Symptom scale

(cut-off = 30)

Baseline level of physical activity

2.16 (1.12-4.8) 2.40 (1.07-5.9) 2.23 (1.06-6.0)
1 1 1
0.022 0.030 0.031

Low 2.24(1.05-6.3)
Moderate/High 1

Adjusted p-value 0.032

Walk test
Less than 300 m 1.83(1.11-5.2)
More than 300 m 1

Adjusted p-value 0.024

1.20 (0.82-3.2) 1.21(0.78-3.4) 1.31 (0.68-4.0)
1 1 1

ns ns ns

Sitting-rising test
Less than 20 times 2.25(1.15-4.8)
More than 20 times 1

Adjusted p-value 0.002

2.01(1.13-3.0) 2.02(1.14-3.2) 2.24 (1.16-4.7)
1 1 1
0.020 0.018 0.002

malignant tumors of the stomach occupy a prominent
position compared with other areas in Brazil, where lung
cancer has a higher incidence.’> We observed that the
majority (80%) of patients presented advanced disease
(stages IIT and IV) in the initial manifestation of the disease.
Our data corroborates the Inca estimates, which indicate
that 60% of cancer cases in Brazil are diagnosed at an
advanced stage.'s Therefore, the most common chemo-
therapy proposal in the present study was the palliative
one, with the main objective of soothing symptoms and
improving the patients’ quality of life.

All patients were evaluated objectively for physical
capacity. The results of the walk test and the sitting-rising
test behaved similarly: the results were low at week 0, suf-
fered a decline at week 8 and increased significantly at
week 16. This “V” shaped curve may also be observed for
functional scale assessments, symptom scale and the main
outcome. That is, in the first weeks of chemotherapy,
patients present a worsening of their overall state, mark-
edly represented by the lowest point in functional capac-
ity and quality of life, and worsening of symptoms in the
second evaluation. After week 8, these variables improved
as a whole, exceeding the baseline levels (of week 0). This
pattern of worsening followed by improvement definite-
ly has a multifactorial etiology. This possibly demonstrates
that, upon initiating treatment, patients experience a
worsening of overall health due to the appearance of the
adverse effects of chemotherapy. This deleterious effect
is only compensated later on, after week 8, probably due
to the control of symptoms and deleterious effects di-

rectly caused by the tumor. Therefore, the sharp and fine
correlation of the outcome (quality of life) with the walk
test and the sitting-rising test is noticeable. These results
have direct implications for the clinical management of
cancer patients. First, the physician’s anticipation that
the patients may experience a worsening of their physical
capacity in the initial phase of treatment, and that this
phase precedes an overall improvement after week 8 of
chemotherapy, can be a tool that helps the patient seek
better psychological methods to cope with a difficult
initial period. Second, the study helps to define that the
first 8 weeks of chemotherapy are the period of greatest
need for interventions by the multidisciplinary team, since
some studies have already demonstrated the health ben-
efits of psychological interventions and physical exercise
programs in cancer patients.®”!**?* Backman et al.* con-
ducted an interesting interventional study in breast can-
cer patients in 2014. Patients were advised to take a daily
walk for 10 weeks during chemotherapy. Those who in-
creased their levels of physical activity reported a decrease
in specific symptoms such as swelling, pain and improved
mobility.*® Concerned for the safety of physical interven-
tions in cancer patients, Schmitz et al.® conducted an
interventional study with patient-oriented physical train-
ing and concluded that physical training is safe during
and after chemotherapy and results in improvements in
physical functioning, quality of life and cancer-related
fatigue.® Another study that evaluated the level of physi-
cal activity in patients with bone metastasis, and submit-
ted the patients to specific and guided resistance exer-
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cises, showed that, even in this population, significant
improvements in functional capacity, physical activity
level and quality of life were obtained 6 months after the
program ended." It is noteworthy that this recent evidence
represents a paradigm shift. Historically, cancer patients
were advised by their physicians to rest and avoid physical
activity. However, it is now evident that physical inactiv-
ity is deleterious. The most recommended guidance today
is that any physical activity would be better than nothing.

Not all variables, however, presented a “V”-shaped
time curve. When analyzing the dynamometer tests, for
example, the manual grip strength did not change much.
There was a tendency towards a decline in strength
throughout the treatment, without statistical significance.
In a similar longitudinal study that assessed physical
activity and physical fitness in cancer patients before,
during and after chemotherapy, results for manual grip
strength were similar to those described in our study.
Vermaete et al.'’ described a tendency towards a reduc-
tion in strength throughout chemotherapy treatment.'
The behavior of the variable “level of physical activity
in our study was also discrepant in relation to the others,

»

which is noteworthy. The level of physical activity re-
ported went upward from the beginning to the end of
the study, with no decline in week 8. However, we did
expect a behavior similar to the one seen in the walk and
sitting-rising tests. According to Galiano-Castilho et
al.,** areduction in the level of physical activity of cancer
patients was expected after starting chemotherapy.?® The
level of physical activity was assessed through informa-
tion on the patient’s perception of their movements over
the last 7 days prior to the interview, including their
leisure, domestic and gardening activities, and physical
activity related to work and transportation, that is, the
activities involved in their daily lifestyle; unlike the func-
tional capacity tests that were objectively measured dur-
ing the assessments. This may represent a measurement
bias: being engaged in a study protocol that assessed the
level of physical activity, patients might have been mo-
tivated to report an (unreal) increase in their daily phys-
ical activities. However, the data may also be real. The
non-correlation between physical activity level and qual-
ity of life at week 8 may be true, and perhaps explained
by the fact that the physical activity level questionnaire
takes into account daily activities, as mentioned above.
At this stage of the treatment, an incipient improvement
of the patient’s physical and psychological conditions
(mood, motivation, resilience) may stimulate the patient
to resume daily activities early, such as taking care of
their home. This positively influences the questionnaire

assessing the level of physical activity. However, this type
of physical activity may not be enough to increase qual-
ity of life. The studies are consensual in affirming that,
in order to improve the quality of life of cancer patients,
more intense physical activities are necessary. As such,
the variable in question (level of physical activity) would
not present worsening in week 8 because it is the precur-
sor of the overall improvement in health that was ob-
served at week 16. Further studies are needed in order to
better understand the behavior of patients in terms of’
level of physical activity during chemotherapy.

Regarding psychological state, we observed that the
depressive state classified as moderate to severe was more
common at the beginning of the study than at the end of
chemotherapy. If we compare this with the level of phys-
ical activity, we can observe that both variables behaved
in a similar manner in the cohort, which leads us to believe
that being more physically active during chemotherapy,
together with the improvement of symptoms and regres-
sion of the disease caused by treatment, may help to de-
crease the depressive state during chemotherapy. That is,
raising the level of physical activity precedes the improve-
ment of mood and possibly contributes to it. Psycho-
logical stress is common in patients diagnosed with can-
cer and is characterized by vulnerability, uncertainties,
loss of control and worries.'* The level of anxiety pre-
sented a tendency towards reduction, but without statis-
tical significance.

The main objective of this study was to evaluate the
quality of life outcome through correlation with the vari-
ables of physical activity level, functional capacity and
psychological status. In a univariate statistical analysis, we
observed that the variables level of education up to high
school, low level of physical activity, walking less than 300
meters, sitting and rising less than 20 times, having mod-
erate to severe depression and lower quality of life at the
beginning of treatment (week 0) all proved to be risk fac-
tors for the incidence of low quality of life in week 16,
corresponding to the end of treatment. Conversely, early
staging, curative chemotherapy, high functional scale,
and low grade symptoms are shown as protective factors
against low quality of life at the end of treatment. The
variables were reevaluated in a multivariate analysis in
order to refine the risk analysis, discarding confounding
factors. This more demanding analysis demonstrated that
having a low level of physical activity and sitting and rising
less than 20 times at the beginning of chemotherapy are
risk factors for low quality of life at week 16, regardless of
depressed mood, baseline quality of life, functional scale
and symptom scale at the start of treatment. To the extent
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of our knowledge, we did not find studies reporting sim-
ilar results. This is perhaps the main contribution of our
study to the clinical practice. The sitting-rising test, par-
ticularly, was the explanatory variable with the greatest
influence on quality of life at the end of the treatment.
The importance of this data lies in its contribution to
medical decision-making. This is an objective test, which
can be easily carried out in the physician’s office, present-
ing low risk and low cost, and without the need for con-
comitant action by other health professionals. This test
offers another piece of data for the difficult decision-
-making by oncologists when there is doubt as to whether
a patient would benefit from treatment. There are not
many difficulties regarding making the decision to carry
out chemotherapy in young patients, with the intention
of curing the cancer. However, medical practice is fraught
with dubious situations, such as the decision to treat el-
derly or debilitated patients with palliative chemotherapy,
whose main purpose is the soothing of symptoms and the
improvement of quality of life at the end of treatment. As
such, asking the patient to perform the sitting-rising test
or applying a questionnaire for the level of physical activ-
ity could contribute to this decision-making.

Strassmann et al. determined the reference values for
the sitting-rising test in 1 minute for 6,926 healthy adults;
the mean of the results found was 50 repetitions/minute
(25-75%, 41-57/min) in young men; 47 repetitions/min-
ute (39-55/min) in young women; 30 repetitions/minute
(25-37/min) in elderly men and 27 repetitions/minute (22-
30/min) in elderly women. Another study evaluating chron-
ic obstructive pulmonary disease (COPD) showed that the
mean number of repetitions per minute was 17.%” Although
it is not possible to compare the results of these studies
with the data found in our cohort, it were able to notice
that the mean values of the sitting-rising test vary from
one population to another. Aware of this, we chose to set
a sitting-rising cutoff of 20 times for cancer patients,
which in fact proved to be a satisfactory indicator of qual-
ity of life at the end of chemotherapy. In a study that
assessed functional dependence for daily life activities in
older adults (without a diagnosis of cancer), the sitting-
rising test was also shown to be sensitive to indicating a
risk factor for functional dependence in the elderly;*®
highlighting the sensitivity of this test in predicting dif-
ferent outcomes related to different diseases. However,
we did not find studies that used the sitting-rising test as
a marker for risk of poor quality of life in cancer patients.
In view of this, we believe that further studies are needed
to confirm these results in the context of a predictor of
successful treatment of cancer patients.

CoNCLUSION

The variation in physical activity level, sitting-rising test
and walk test in the three assessments in this cohort
showed a clear correlation with the quality of life of can-
cer patients undergoing chemotherapy, presenting a pat-
tern of initial worsening, followed by improvement at the
end of treatment. These findings demonstrate the rele-
vance of our study in the scope of the importance of
physical activity for this population. Strategies to increase
the level of physical activity early during chemotherapy
can positively affect the quality of life of these patients.
In order for this to become a reality in cancer treatment
and care centers, a multidisciplinary team is needed so
that physicians and physical educators, together with
other health professionals, advise patients on the benefits
of practicing physical activity during cancer treatment.
In addition, training and discussions on exercises for
patients with cancer under treatment are extremely im-
portant, since this population requires special care. In the
current scenario, in which both the relevance of the prac-
tice of physical activity in the prevention and rehabilitation
of chronic degenerative diseases, as well as the mainte-
nance of health and quality of life are discussed, we found
few interventionist studies in the national databases on
activity during cancer treatment, especially chemothera-
py. To our understanding, this demonstrates the need for
more discussions and research about the optimal level of
physical activity prior to chemotherapy treatment, the
ideal number of repetitions of the sitting-rising test for
elderly patients and those receiving palliative chemo-
therapy, as well as the best physical activity to perform,
its frequency, intensity and duration of the exercises;
questions that still need answering.

The level of physical activity and the sitting-rising test
were independent predictors of quality of life at the end
of chemotherapy. The sitting-rising test, in particular, is
simple, easy to perform and inexpensive, and may con-
tribute to medical decision-making, especially for patients
undergoing palliative treatment, due to evidence pointing
thatit is a test predictive of the incidence of high quality
of life at the end of chemotherapy.
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Resumo

Que fatores clinicos, funcionais e psiquicos antes do tra-
tamento sdo preditores de baixa qualidade de vida em
pacientes oncoldgicos ao término da quimioterapia?
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WHAT CLINICAL, FUNCTIONAL, AND PSYCHOLOGICAL FACTORS BEFORE TREATMENT ARE PREDICTORS OF POOR QUALITY OF LIFE IN CANCER PATIENTS AT THE END OF CHEMOTHERAPY?

Objetivo: Correlacionar nivel de atividade fisica (NAF),
capacidade funcional, estado psicolégico com qualidade
de vida (QdV) de pacientes com cincer em tratamento
quimioterdpico (QT).

Método: Estudo de coorte observacional. Pacientes
(n=121) com qualquer sitio primdario de cincer, com in-
dicacio de quimioterapia com intuito paliativo ou cura-
tivo foram avaliados em three momentos: 1) admissio do
paciente (semana 0), antes da quimioterapia; 2) semana
8; 3) ao término da QT. Foram coletados dados sobre QdV,
NAF, dados clinicos, testes de capacidade funcional (tes-
te de curta distincia de caminhada, teste de sentar/levan-
tar, for¢a de preensio manual isométrica) e testes de an-
siedade e depressio.

Resultados: Houve melhora significativa ao término da
QT para: nivel de atividade fisica; teste de caminhada
(> 500 metros); teste de sentar e levantar (> 20x). Notou-se
reducio significativa da prevaléncia de depressio modera-
da/grave. A prevaléncia de QdV elevada apresentou aumen-
to significativo na avaliacdo 3 (42,4% vs. 40,0% vs. 59,2%;
p=0,02). Escolaridade até nivel médio, baixo NAF, caminhar
< 300 metros, sentar e levantar < 20 vezes, ter depressdo do
humor (moderado a grave) e QdV nio elevada no inicio do
tratamento (semana 0) foram fatores de risco para baixa
qualidade de vida na semana 16. Inversamente, estadia-
mento precoce, intuito de quimioterapia curativo, baixa
escala de sintomas foram fatores de protecio.
Conclusio: Realizar menos de 20 movimentos no teste
de sentar e levantar e possuir baixo NAF no inicio do
tratamento quimioterdpico representam fatores de ris-
cos independentes para baixa qualidade de vida ao fim
da quimioterapia.

Palavras-chave: neoplasias, antineopldsicos, tratamento
farmacolégico, qualidade de vida, exercicio, medicina
fisica e reabilitacio.
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INTRODUCTION

SUMMARY

Objective: Nitric oxide (NO), carbon monoxide (CO) and hydrogen sulfide (H,S)
were endogenously-generated molecules gas. They owned important biological
activity and participated in many pathophysiological processes. This study aimed
to examine the levels of three gasotransmitters in the early phase of trauma patients.
Method: Blood samples were collected from 60 trauma patients and ten healthy
volunteers. Concentration of serum iNOS and HO-1 were analyzed by enzyme
linked immunosorbent assay and plasma H,S was determined by colorimetric
method. Meanwhile, the occurrence of multiple organ dysfunction syndrome
(MODS) was also monitored.

Results: The levels of iNOS, HO-1 and endogenous H,S in the patients group
were significantly different from the healthy control group, and the difference
was more obvious with the increase of ISS score. iNOS levels were positively
correlated with ISS scores and blood lactic acid values, and HO-1 and endogenous
H2S were negatively correlated with ISS scores and blood lactic acid values. Of
60 trauma patients, eight (13.33%) developed MODS. The level of iNOS in the
MODS group was higher than that in non-MODS group, while HO-1 and H,S
were significant lower in the MODS group.

Conclusion: The three gasotransmitters participated in systemic inflammatory
responses during early trauma and could be used as important indicators for
trauma severity. Their measurements were meaningful for evaluating the severity
and prognosis of trauma.

Keywords: wounds and injuries, nitric oxide synthase type II, heme oxygenase-1,
hydrogen sulfide, multiple organ failure.

mediator and the over-activation of inflammatory cells

Recently, severe trauma involving multiple locations and
multiple organs has become one of the major causes of’
deaths. There are three peak incidences of death for the
patients with multiple trauma: (i) within several seconds
to several minutes after trauma, immediate death is always
caused by damage in the brain, heart and large blood
vessels, as well as high spinal cord injury; (ii) within sev-
eral minutes to several hours after trauma, early death is
mainly caused by asphyxia, circulatory insufficiency and
uncontrolled massive hemorrhage; (iii) within several days
to several weeks after trauma, late death is caused by organ
failure and infection. In all of the three situations, sys-
temic inflammatory response syndrome (SIRS) exists in
different degrees. The excessive release of inflammatory

would lead to an excessive immune response in severe
trauma.’ In addition to the direct injury, inflammatory
mediators also cause a “second injury” to human body.
Thus, control of inflammatory mediators is critically
important in the inhibition of SIRS in multiple-organ
dysfunction syndrome (MODS).

Endogenous gasotransmitters not only play an impor-
tant role in the regulation of immunological reactions, but
also function in the regulation of vascular activity. It was
found that gasotransmitters are the important signaling
pathways in inflammatory reactions. Among them, nitric
oxide (NO), carbon monoxide (CO) and hydrogen sulfide
(H,S), the three gases and their corresponding synthetases
compose an interactional system. NO is an endothelium-
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THE ANALYSIS ON THE EXPRESSION OF GASOTRANSMITTERS IN EARLY TRAUMA PATIENTS

-derived relaxing factor, generated from L-arginine under

the catalysis of inducible nitric oxide synthase (iNOS).
Endogenous NO is activated in the conditions of severe
trauma, infection and shock, and abundant NO is produced.
Furthermore, endogenous NO also has a negative inotro-
pic effect; it can inhibit cardiac function, and even cause
low blood pressure and shock. Meanwhile, it also interacts
with the accumulated superoxide anion (O,) and forms
peroxynitrite anion (ONOO'), thus more poly polymerase
is over-activated and causes cellular injury.

CO has anti-inflammatory, anti-oxidation and cell-
protection properties. HO-1 is considered one of the ma-
jor rate-limiting enzymes for synthesis of endogenous CO.
Under the influence of hypoxia, endotoxins and cytokines,
it can catalyze the degradation of heme to CO. Studies
found that endogenous CO activates guanylate cyclase,
and thus leads to increase of cGMP and induces the relax-
ation of vascular smooth muscle.? In addition, it also in-
hibits the expression of iNOS and decreases the cytotox-
icity caused by excessive NO.?

Endogenous H,S was mainly produced from L-cys-
teine-substrate by cystathionine--synthetase (CBS) and
cystathionine-lyase (CSE). The former mainly exists in
liver, brain and other parenchymal organs, while the
latter mainly exists in the cardiovascular system. The
distribution of endogenous H,S in the human body has
tissue specificity. However, there is no consensus regard-
ing the anti-inflammatory ability or pro-inflammatory
ability of H,S.**

The participation of the above three gasotransmitters
in inflammatory reactions has been widely investigated.
However, their roles in different diseases and during dif-
ferent disease courses still calls for further study. So far,
knowledge about the three gasotransmitters in early
trauma is inadequate. Our research aimed to examine the
changes in NO, CO and H,S in the early phase of severe
trauma, and explore the relationship between incidence
of MODS and blood lactic acid.

MEeTHOD
Subjects
A total of 70 participants were included in the study: 60
patients who were treated at the Department of Emer-
gency of the Third Hospital of Hebei Medical University
between October 2012 and November 2013, and ten healthy
volunteers. In all, there were 61 males and nine females.
The enrollment of these patients met the following
conditions: 1. severe trauma; 2. received treatment within
3 hours after severe trauma; 3. aged ranged between 18
and 60 years. The exclusion criteria of the subjects were

as follows: 1. the interval of severe trauma and blood draw-
ing was more than 3 hours; 2. received blood transfusion;
3. received IV transfusion more than 2,000 mL; 4. surgical
history; 5. coagulation dysfunction or anti-coagulation
medication history; 6. common diseases and simultaneous
liver and kidney function damages; 7. severe cardio-cerebral
vessel diseases; 8. pregnant and lactating women. Informed
consent was obtained from all participants. All the proce-
dures were approved by the ethics committee of the Third
Hospital of Hebei Medical University.

Measurement

Severity of the patients’ injuries was evaluated using the
Abbreviated Injury Scale (AIS) and the Injury Severity
Score (ISS). According to the results, the patients were
classified into three groups: mild group (score < 16), me-
dium group (score in 16-25) and severe group (score > 25).
And based on their prognosis, they were divided into
MODS group and non-MODS group.

Cardiograph, blood pressure and finger pulse oxygen
saturation were monitored continuously to evaluate the
clinical condition of the patients. Routine blood test,
liver and kidney function evaluation, blood gas analysis
and blood lactic acid monitoring were examined. The di-
agnosis of MODS was performed according to the modified
Fry-MODS diagnosis criteria.®

Blood samples were collected within 3 hours of the
injury for a routine blood test, measurement of kidney
function and procalcitonin. 3 mL of venous blood was
collected and centrifuged, the supernatant was stored at
-80°C for the analysis of inducible nitric oxide synthase
(iNOS), heme oxygenase-1 (HO-1) and plasma H,S. Con-
centration of serum iNOS and HO-1 were analyzed by
enzyme-linked immunosorbent assay (ELISA) using com-
mercially available ELISA kits (Jiancheng, Nanjing, China)
and following the manufacturer’s instructions. Plasma
H,S was determined by colorimetric method.

Statistical analysis

SPSS 19.0 was used to perform statistical analyses. The
data were presented as mean+ standard deviation (SD).
Normally distributed continuous data were assessed by
independent sample t-test. ANOVA test was performed to
compare the differences among the groups. Non-normal-
ly distributed parameters were analyzed with nonpara-
metric sum rank test. Correlation analysis was performed
by Pearson correlation analysis for normally distributed
data and Kendall correlation analysis for non-normally
distributed data. A p-value of less than 0.05 is indicated
as statistically significant differences.
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REsuLts

Table 1 listed the general characteristics and the serum
gasotransmitter levels of the study subjects. There were no
statistical differences between the groups in terms of age,
gender ratio and the time from trauma to treatment
(p<0.05). The levels of iNOS, HO-1 and endogenous H,S
in the patient group were significantly different from the
healthy control group, and the difference was more obvious
with the increase of ISS score. The expression of iNOS in
the patient group was higher than that found in the healthy
control group, and the expression found an upward trend
depending on injury severity (p<0.05). Meanwhile, the HO-1
and endogenous H,S contents were significant lower com-
pared with the control group (p<0.05) (Figure 1).

TABLE 1 The clinical characteristics and serum

gasotransmitter levels of the study subjects.

Healthy Mild Medium Severe
control  group group group
group (1SS < 16) (ISSin 16-25) (ISS = 25)
n 10 23 27 10
Age (years)  34+7 38+9 3548 3247
Gender 9/1 20/3 24/3 8/2
(male/female)
Time (h) - 1.6£0.4  1.5:0.5 1.540.5
INOS (U/mL) 474.5£35.9 547.1£52.9*% 688.48+74.8% 753.4+92.33*
HO-1 3.54+0.42 2.92+0.65* 2.44+0.45* 1.77£0.655*
(ng/mL)
H,S (pmol/L) 50.77+2.00 48.64+1.72% 46.40+1.82*  44.15+1.60%

Compared with the healthy control group, "p<0.05.

To clarify whether the changes in serum gasotransmit-
ter levels played a role in the trauma, the relationship be-
tween gasotransmitter levels and ISS scores as well as blood
lactic acid values were further investigated (Table 2). The
results of the analysis demonstrated that iNOS levels were
positively correlated with ISS scores (r*=0.586, p<0.001)
and blood lactic acid (r*=0.440, p<0.001) and HO-1 and
endogenous H,S values were negatively correlated with ISS
scores (r*=0.473, p<0.001; r*=0.590, p<0.001) and blood
lactic acid values (r*=0.525, p<0.001; r>=0.515, p<0.001).

TABLE 2 The relation between gasotransmitter levels with
ISS scores and blood lactic acid values.

Association with Association with blood

ISS scores lactic acid values

r? p r? [
iINOS 0.586 <0.001 0.440 <0.001
HO-1 0.473 <0.001 0.525 <0.001
H,S 0.590 <0.001 0.515 <0.001

Among the 60 trauma patients, eight (13.33%) devel-
oped MODS. There were no statistical differences between
the non-MODS and MODS in age, gender ratios and the
time from trauma to treatment (p<0.05) (Table 3). The
level of iNOS in the MODS group was higher than that
in the non-MODS group, while HO-1 and H,S were sig-
nificant lower in the MODS group (p<0.05) (Figure 2).

TABLE 3 The rate of MODS and serum
gasotransmitter levels.

Control group Non-MODS MODS
n 10 52 8
Age (years) 34+7 3349 34+7
Gender 9/1 45)7 7/1
(female/male)
Time (h) - 1.6£0.5 1.5£0.4
iINOS (U/mL) 474.5+£3.9 628.9£102.3" 736.5+86.93"
HO-1 (ng/mL)  3.54+0.42 2.61+0.61" 1.98+0.85™
H,S (pmol/L) 50.77+2.00 47.30+2.18" 44.53+1.92"

Compared with the healthy control group, 'p<0.05. Compared with the non-MODS group,
#
p<0.05.

Discussion
NO, CO and H,S were endogenously-generated gas mol-
ecules. They present important biological activity and
participated in many pathophysiological processes. Gaso-
transmitters were freely permeable across cell membranes
and served as regulators of a multitude of biochemical
pathways and physiological processes. Recently, the roles
of gasotransmitters in trauma were recognized, which led
to a new broad perspective on inflammatory mediators.
The release of inflammatory factors into the blood
causes a “second strike” to the tissues and cells in trauma
sites, and is the main reason for the systemic inflamma-
tory response at the early stage of injury. Lactic acid is an
important intermediate product in the glycometabolism
of the human body in the presence of hypoxia. Thus, it is
an important and sensitive indicator of cellular hypoxia.
In acute trauma, the effective blood capacity is insufficient
and accumulates large amounts of lactic acid. In the process
of fluid resuscitation, dynamic observation of the lactic
acid values could help understand characteristics of blood
perfusion.” A decline in lactic acid after fluid resuscitation
usually means a better prognosis, while an increase in lac-
tic acid might indicate ischemic reperfusion. In the present
study, the level of blood lactic acid was increased, and it
was positively correlated with NO content and negatively
correlated with CO and H,S contents. The synthesis of’
iNOS and endogenous NO was high after being damaged.
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FIGURE 1 serum gasotransmitters levels of the study subjects in traumatic patients group and healthy control group. *indicates p<0.05
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FIGURE 2 Serum gasotransmitters levels of the study subjects in non-MODS and MODS group.

*indicates p<0.05 compared with healthy control, # indicates p<0.05 compared with non-MODS.

Trauma, infection, hypoxia and excessive stress re-
sponse could both lead to systemic inflammatory re-
sponse. In normal physiological conditions, a small
amount of NO was catalyzed by iNOS. In our study, the
generation of iNOS was increased with the ISS score in
the early phase of trauma patients. When a large amount
of NO was generated, it could react with superoxide
anion and lead to the accumulation of peroxynitrite
anion, also causing cell damage.® Besides, excessive NO
led blood vessels to expand and produced hypotension
shock. Some studies found that different types of inflam-
mation could lead to image enhancement in animal
models. In addition, inhibition of iNOS can reduce the
production of NO, and subsequently relieve inflamma-
tory response.”'? iNOS is the only rate-limiting enzyme
in NO production, decreasing the synthesis of NO could
diminish the inflammatory response, septic shock and
other symptoms.” Hemoglobin plays a vital role in the
synthesis of NOS; it can be degraded by HO-1 and thus

inhibit NOS. HO-1 can influence the activity of iNOS."
Furthermore, H,S donors inhibited iNOs production by
enhancing the expression of HO-1.12

HO-1 is the major rate-limiting enzyme for the syn-
thesis of endogenous CO, it can catalyze the degradation
of heme into CO, catalytic iron and bilirubin. Catalytic
iron and bilirubin have a strong capacity of anti-oxida-
tion.”*'* CO not only plays an important role in anti-in-
flammation, anti-apoptosis, improving circulation and
anti-thrombosis, but also down-regulates the expression
of proinflammatory molecules such as IL-8 and TNF-a..**
Some studies found that a small amount of inhaled CO
enhances the ability of anti-oxidation and anti-apoptosis
in the experimental model of LPS-induced lung injury;
meanwhile, up-regulations with HO-1 could achieve
similar effects.’® In our study, HO-1 level was significant-
ly lower in the early phase of trauma patients than in the
healthy control group, and they were negative correlated
with ISS score and blood lactic acid level. The results
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demonstrated that the HO-1/CO pathway is activated in
severe trauma; CO participated in the inflammatory re-
sponse as an important gasotransmitter.

Similar with CO and NO, H,S plays important roles
in physiological regulation. Due to the specific distribu-
tion of its synthetase, the regulatory functions also ex-
hibited apparent tissue specificity. However, there was no
consensus regarding the anti-inflammatory ability or
pro-inflammatory ability of H,S. In some researches, pre-
treatment of mice with H,S improved leukocyte rolling/
adhesion as well as neutrophil migration, which subse-
quently contributed to reduce bacteria levels and improve
survival rate.!” This suggested that endogenous H,S played
a protective role in systemic inflammatory responses. The
study by Li et al. revealed that the damage of ALI/ARDS
mouse was aggravated after NaHS was administered, which
suggested the proinflammatory role of H,S.* In the cur-
rent study, H,S is significantly lower in patients with ISS
> 25 compared with the patients with ISS < 16.

MODS refers to the sequential failure of more than
two organs. Any disease can cause inflammatory immune
disorders that may induce MODS. Gasotransmitters, such
as NO, CO and H,S, are the important signaling molecules
that participate in the inflammatory response, and at the
same time they interact with each other. A study found that
the iNOS/NO and the HO-1/CO systems were restricted
with each other.'® A possible explanation is that CO is pro-
duced by decomposition of hemoglobin after the oxidation
of HO-1; meanwhile, hemoglobin was also the main com-
ponent of prosthetic group of iNOS. Thus, hemoglobin
degradation influenced the production of NO. Furthermore,
CO also occupied the coordination center of NOS and
reduced its activity. CSE mainly exists in vascular smooth
muscle; it could be activated by NO and inhibited by the
precursors of NO (hydroxyl ammonium). As for the iNOS/
NO and CSE/H,S system, there were no consensus reached.
Both synergetic and inhibitive dynamic interplay between
iNOS/NO and CSE/H,S were reported.'” CSE/H,S system
showed a synergetic effect on HO-1/CO system.

In the current study, iNOS was found to be signifi-
cantly higher in the MODS group than in the non-MODS
group, which indicated that the iNOS/NO system was
activated when severe trauma occurred. A large amount
of NO was released into the blood and exacerbated the
systemic inflammatory response, caused severe damage
to body tissues and organs. HO-1 and H,S were signifi-
cantly lower in the MODS group than in the non-MODS
group. The results suggested that the three gasotransmit-
ters were closely related with the incidence of MODS and
severity of trauma.

CoNcLUSsION

During the early phase of trauma, it can be suspected that
these gasotransmitters not only participate in systemic
inflammatory responses, but also facilitate the generation
of blood lactic acid. There was a positive correlation be-
tween iNOS level and both trauma severity and blood
lactic acid value. Meanwhile, a negative correlation was
found between HO-1 and H,S levels, as well as trauma
severity and blood lactic acid values. In systemic inflam-
matory responses, they would not function indepen-
dently. The interaction between these gas molecules may
vary under different conditions. iNOS, HO-1 and endog-
enous H,S could be used as important indicators of
trauma severity and the onset of post-trauma MODS.
Their measurement was meaningful for evaluating the
severity and prognosis of trauma.
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SUMMARY

Antiphospholipid syndrome (APS) is an autoimmune disease characterized
by antiphospholipid antibodies (aPL) associated with thrombosis and/or preg-
nancy morbidity. Most APS events are directly related to thrombotic events, which
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(called non-criteria manifestations) add significant morbidity to this syndrome
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INTRODUCTION

Antiphospholipid syndrome (APS) is the most common
cause of acquired thrombophilia and accounts for 15 to
20% of all episodes of deep vein thrombosis, one third of
new cases of cerebrovascular accident (CVA) occurring in
patients aged less than S0 years, and 10 to 15% of recur-
rent fetal loss. In addition, pregnant women positive for
antiphospholipid antibodies (aPL) have an 80% risk of
recurrence of gestational events such as miscarriage and/
or premature birth.!?

APS can occur alone or in the presence of another au-
toimmune disease. Association with systemic lupus ery-
thematosus (SLE) is the most frequent, but other diseases
such as rheumartoid arthritis, Sjogren’s syndrome and in-
flammatory myopathies may also occur.? About 30 to 40%
of patients with SLE present circulating antiphospholipid
antibodies and 15% will have the complete syndrome.??

Despite being considered a rare disease (estimated
incidence of five cases per 100,000 people per year), this
is a disease that affects young adults of reproductive age,
and which adds significant morbidity to the affected
individuals. In addition to physical sequelae, caused by
thrombotic events, there is still considerable emotional
repercussion from recurrent gestational losses.*

without any other autoimmune disease. Despite the autoimmune nature of this
syndrome, APS treatment is still based on anticoagulation and antiplatelet therapy.

Keywords: antiphospholipid syndrome, anticoagulants, thrombosis.

PATHOPHYSIOLOGY
It is now recognized that aPL positivity is the most fre-
quent acquired risk factor and is more related to throm-
botic events and gestational morbidity. Antiphospho-
lipid antibodies (lupus anticoagulant, anticardiolipin and
anti-p2-glycoprotein-I) are classificatory antibodies of the
disease, used for diagnosis, but also important elements
in the pathogenesis of APS. Although the presence of’
these antibodies is a predisposing factor for thrombotic
events, a second trigger, such as infections, prolonged rest
or an inflammatory state, is usually necessary for the
progression of the syndrome.>®

Antiphospholipid antibodies bind to phospholipids
and plasma or membrane proteins expressed in various
cells (platelets, endothelial cells, monocytes, fibroblasts
and trophoblasts), producing a prothrombotic state. De-
spite the known thrombophilic action of antiphospho-
lipid antibodies, the exact pathogenesis of the disease is
not yet fully elucidated. B2-glycoprotein-I (32GPI) and
prothrombin appear to be the major binding proteins in
these antibodies involved in the pathogenesis of the dis-
ease.>S There is also a genetic component related to the
HLA class IT system that needs to be better studied, and
which may predispose the individual to the disease.*”
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UPDATE ON ANTIPHOSPHOLIPID ANTIBODY SYNDROME

Chart 1 shows the probable thrombotic and obstetric
mechanisms proposed in the literature for APS.

CHART 1 Pathogenic mechanisms mediated by

antiphospholipid antibodies.

Changes in anticoagulant reactions

Inhibition of B2GPI anticoagulant action

Inhibition of protein C

Inhibition of antithrombin activity

Displacement of annexin 5 from its sites

Endothelial cell-mediated changes

Increased expression of adhesion molecules

Increased expression of tissue factor

Ineffective fibrinolysis

Reduced prostacyclin production

Reduction of the action of nitric oxide synthase

Platelet-mediated changes

Increased production of thromboxane A,

Increased platelet activation and aggregation

Monocyte-mediated changes:

Increased expression of tissue factor

Increased oxidative stress

Complement system activation

DIAGNOSTIC CRITERIA

The classification criteria for APS were developed in 1999
in Sapporo and subsequently revised in 2006 at an inter-
national congress held in Sydney. At present, they comprise
the requirement of at least one clinical criterion (throm-
botic event or gestational morbidity) and at least one
laboratory criterion (confirmed positive aPL at two or
more separate time points with a 12-week minimum in-
terval), as shown in Figure 1.5°

CLINICAL ASPECTS

Virtually all clinical manifestations of APS are due to
arterial and venous thrombotic events. Theoretically, APS
thrombosis can occur in any organ, affecting vessels of
different calibers, and determining a great number of
clinical manifestations. It is also believed that placental
insufficiency, the main reason for late fetal loss, is also
related to a loss of uteroplacental circulation derived from
thrombotic phenomena.®

Thrombotic events

Venous thromboses are more frequent than arterial throm-
boses.! Chart 2 shows the most frequent thrombotic
manifestations of APS.

Clinical criteria

Thrombotic
event

Thrombotic event:
Thrombosis (arterial, venous
or in small vessels) in any
tissue, confirmed by imaging
or histopathology
(thrombosis without
significant inflammation)

Gestational morbidity:

3 or + losses < 10 weeks of gestation
1 or + losses > 10 weeks of gestation
preterm birth < 34 weeks due to
eclampsia, pre-eclampsia, or
placental insufficiency

In high titers > 40 GPL/
MPL or greater than the
99t percentile by ELISA

Method: APTT; dRVVT;
Kaolin; tissue
thromboplastin
inhibition test

aCL IgG ou IgM

P AC
AL

B2GPI IgG or IgM

Greater than the 99t
percentile by ELISA

1 laboratory
criterion

1 clinical criterion

< 5-year interval

FIGURE 1 APS classification criteria.

APS: antiphospholipid antibody syndrome; aCL: anticardiolipin; LA: lupus anticoagulant; B2GPI: anti-beta-2-glycoprotein I; APTT: activated partial thromboplastin time; dRVVT: dilute Russell’s

viper venom time.
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CHART 2 Thrombotic manifestations of

antiphospholipid syndrome.

Extremities Venous: deep vein thrombosis

Arterial: ischemia and gangrene

Liver Venous: Budd-Chiari syndrome
Arterial: liver infarction and nodular

regenerative hyperplasia

Central nervous Venous: sagittal sinus thrombosis

system Arterial: cerebrovascular accident and
Sneddon’s syndrome

Lung Venous: thromboembolism and
pulmonary hypertension

Kidney Venous: renal vein thrombosis
Arterial: renal artery thrombosis and
thrombotic microangiopathy

Skin Venous: ulcers
Arterial: livedo, gangrene, ulcers

Eyes Venous: retinal vein thrombosis

Arterial: retinal artery thrombosis

Obstetric events

Another frequent manifestation in women with APS is
recurrent fetal loss, which may occur at any stage of preg-
nancy, but typically happens as of the second trimester.
In addition to fetal losses, placental insufficiency with
restricted fetal growth, preeclampsia, eclampsia and pre-
term birth may occur.'

Only 10-15% of women with recurrent fetal loss are
aPL-positive and the probability of finding aPL in prena-
tal exams is less than 2%, which is why routine screening
is not indicated.!”

Non-criteria manifestations

There are other less frequent clinical manifestations, but
also related to APS, which are not part of the classifica-
tion criteria of the disease. Migraine, convulsions, su-
perficial venous thrombosis, ulcers, thrombocytopenia,
chorea, longitudinal myelitis, renal microangiopathy, car-
diac valvulopathies and livedo reticularis are all non-cri-
terion manifestations.!!

Catastrophic antiphospholipid syndrome

Catastrophic antiphospholipid syndrome (CAPS) is char-
acterized by multiple thromboses (in more than three
sites) in a short time interval (1 week). Although rare, this
is the most severe spectrum of APS, with a mortality rate
of up to 50%.'

LABORATORY ASPECTS

The diagnosis of APS as proposed by the Sydney criteria
includes the laboratory dosage of anticardiolipin (IgG
and/or IgM), anti-B2GPI (IgG and/or IgM) and lupus
anticoagulant (LA). Two positive antibody measurements,
separated by a minimum interval of 12 weeks, should
be obtained to rule out the possibility of a transient
positivity of antiphospholipid antibodies induced by
infections or drugs.®?

Lupus anticoagulant

LA is the most specific test for the diagnosis of APS and
should be performed according to the International Soci-
ety for Thrombosis and Hemostasis. These are functional
investigations and comprise three stages. The firstis a
screening test using at least two of the following tests: APTT,
dilute Russell viper venom test or Kaolin clotting time. In
this step, phospholipid-dependent tests are used. Prolon-
gation of clotting time in these tests indicates the presence
of an inhibitor, or deficiency of coagulation factors. In the
next step, the plasma of the patient is mixed in a 1:1 ratio
with the plasma of a normal person. In the case of defi-
ciency of coagulation factors, there will be a correction of
the tests used in the screening, since the normal plasma
contains the necessary factors. In the presence of an in-
hibitor (LA), clotting time remains prolonged. Then, in the
third step, an excess of phospholipids (e.g., platelets) is
added, which will compete with the antiphospholipid
antibodies, neutralizing their action in vitro and, therefore,
correcting the coagulation time. The use of unfractionated
heparin alters the result of this assay, generating false-
positive results. Therefore, it is necessary to wait a moment
when the patient is not using this drug. If the interna-
tional normalized ratio (INR) is widened because of the
use of warfarin, the sample should be normalized before
the test - this procedure requires experience and is not

routinely performed by laboratories. >34

Anticardiolipin

Anticardiolipin (aCL) is the most sensitive test for APS
diagnosis. It is performed by a standardized enzyme im-
munoassay (ELISA) technique containing a source of
B2GPI. Internationally used positive controls are used so
that this test has less variability and meets international
standards. This test is not influenced by warfarin and
heparins.»***aCL titers are divided into: low (< 40 GPL
or MPL), moderate (40 to 80 GPL or MPL) or high (> 80
GPL or MPL).
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Anti-p2-glycoprotein-I

Anti-B2GPI antibodies are also used and detected using
the ELISA technique and have recently been included
in the classification criteria. There is still no standard-
ization for this methodology. >34

Chart 3 shows the main indications in which aPL

cannot fail to be investigated.'®

CHART 3 Indications for antiphospholipid

antibodies testing.

Presence of DVT or PE in young people without risk factors

Thromboses in atypical sites, or multiple thromboses

CVA or TIA in a patient aged less than 50 years

Any thrombosis in a patient with SLE or other autoimmune disease

Recurrent abortions or associated obstetric complications

Unexplained thrombocytopenia

Presence of livedo reticularis racemosa

DVT: deep venous thrombosis; PE: pulmonary embolism; CVA: cerebrovascular accident; TIA:
transient ischemic attack; SLE: systemic lupus erythematosus.

DIFFERENTIAL DIAGNOSIS

The main differential diagnoses of APS are hereditary or
acquired thrombophilias. In hereditary thrombophilias,
positive family history helps and guides the request for
complementary tests. In this group, the presence of
Leiden’s factor V or deficiencies of C and S proteins and/
or antithrombin IT, as well as mutant prothrombin, must
be taken into account. In acquired thrombophilia, in
addition to APS, hyperhomocysteinemia can cause venous
and also arterial events.?

Predisposing factors for thrombosis should be inves-
tigated, such as: nephrotic syndrome, atrial fibrillation,
puerperium, use of estrogens and paraneoplastic syn-
dromes. Other rheumatologic diseases such as systemic
vasculitis and Behcet’s disease should be considered in
the list of differential diagnoses. Diseases that occur with
thrombocytopenia should be ruled out, including: auto-
immune thrombocytopenic purpura, thrombotic throm-
bocytopenic purpura (PTT), hemolytic uremic syndrome
(HUS), heparin-induced thrombocytopenia and dissem-
inated intravascular coagulation.?

Regarding gestational losses, whenever possible, we
should investigate anatomical and genetic changes in
the mother and malformations in the fetus, as well as
serology for infectious diseases (toxoplasmosis, rubella,
syphilis, cytomegalovirus, herpes, HIV). Maternal hor-
monal changes should also be investigated, in addition
to the use of alcohol or drugs, which may cause recurrent
fetal loss.!¢

TREATMENT

The treatment of APS mainly involves the treatment of the
acute thrombotic event as well as the prevention of new
events, whether thrombotic or unfavorable gestational
outcomes.

Treatment of acute thrombotic event

Treatment of acute thrombosis is usually based on full
anticoagulation, either with unfractionated heparin (UFH)
or with low molecular weight heparins (LMWHs), such
as enoxaparin.'”!

After initiation of full parenteral anticoagulation, an
oral anticoagulant may be associated. The most com-
monly used are vitamin K antagonists (VKA). For VKA
dose control, we used prothrombin time (PT) or INR. In
the case of the first venous thrombotic event, the INR
target should remain between 2.0 and 3.0. In cases of
arterial events or venous re-thrombosis, the INR target
should be elevated to the range of 2.5-3.5. An alternative
to increasing the INR target would be to keep the target
between 2.0 and 3.0 and to associate 100 mg of aspirin,
but the risk of bleeding is higher.!78

In cases of acute ischemic CVA, the patient should
be evaluated by a neurologist to assess the need for throm-
bolysis or only secondary prophylaxis. It is the neuro-
logical team that will determine the best time to start
secondary prophylaxis, based on the risks of the event’s
hemorrhagic transformation.

Secondary prophylaxis

After the acute episode, long-term treatment with oral
anticoagulant is the therapy of choice. The recommend-
ed INR target for prophylaxis after venous thrombosis is
between 2.0 and 3.0 and for arterial phenomena, between
2.5 and 3.5. Recent studies have found that higher INRs,
between 3 and 4, added an increased risk of bleeding.'” In
addition to anticoagulant therapy, hydroxychloroquine
seems to reduce aPL titers and has a beneficial antithrom-
botic role for patients with APS. Therefore, it should be
added in all patients with APS associated with SLE.*

In the specific case of a first episode of atheroscle-
rotic ischemic CVA in low-risk patients, treatment with
aspirin 300 mg or double antiplatelet therapy may be
attempted before anticoagulation is indicated. In the case
of thromboembolic ischemic CVA the treatment of choice
is anticoagulation.

It is not yet known whether non-vitamin K antagonist
oral anticoagulants (Xa-factor inhibitors and direct throm-
bin inhibitors) are effective in the treatment of APS.

Rev Assoc Mep Bras 2017; 63(11):994-999
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Clinical trials are being conducted to assess the actual
benefit in this subpopulation of patients.?*?! Neverthe-
less, several case reports of thrombotic events in APS
patients taking this new oral anticoagulants were re-

cently published.??

Primary prophylaxis

There is no evidence to support primary prophylaxis of
persistently positive aPL patients without thrombotic or
gestational events. However, these patients should receive
prophylactic heparin in situations of high thrombotic
risk such as immobilization, hospitalization or postop-
erative. These patients should also avoid situations that
increase the risk of thrombosis such as smoking or the
use of estrogen.’* LA is the test with the highest predictive
value for thrombotic events and unfavorable gestational
outcomes, and its positivity should be considered when
introducing prophylaxis.?®

Treatment of obstetric events
Patients with exclusively obstetric APS who are not preg-
nant should be treated with aspirin alone at a dose of’
81-100 mg per day. During pregnancy, aspirin should be
associated with prophylactic heparin (UFH or LMWH).
It should be maintained for up to 6 weeks after delivery.'®
Patients with previous thrombotic events should use
aspirin 100 mg associated with full dose heparin (enoxa-
parin 1 mg/kg every 12h). VKA are teratogenic between
6 and 9 weeks of pregnancy, when heparin is a better
therapeutic option. If UFH is to be used, the dose should
be adjusted in relation to the baseline PTT (before UFH),
to maintain the baseline rate of 1.2 to 1.5. In general,
doses of UFH increase during pregnancy progression,
while the doses of LMWH (calculated by the weight of
the mother at conception) remain the same throughout
pregnancy. Heparins, VKAs and aspirin are all safe con-
cerning breastfeeding.'®

Treatment of catastrophic APS

Patients with CAPS, in addition to anticoagulation with
heparin, should receive immunosuppression with corticoid
(prednisone, 1 mg/kg/day) or pulses of methylprednisolone
associated with plasmapheresis or intravenous immuno-
globulin. Therefore, they should receive triple therapy:
anticoagulation, corticosteroid and plasmapheresis/im-
munoglobulin. Rituximab can be used in refractory cases.**
Recent studies have demonstrated benefits from the use
of anti-C5 monoclonal antibody (eculizumab) in patients
with CAPS, proving the importance of complement activa-
tion in cases of thrombotic microangiopathy.*

Other considerations
Every patient should be instructed to avoid factors that
increase thrombotic risk, in addition to those that the
syndrome already involves. Advising the patient to stop
smoking, control obesity, properly treat comorbidities such
as diabetes, dyslipidemia and hypertension is essential to
reduce the risk of thromboses, especially arterial. >

The use of oral contraceptives containing estrogen
or hormone replacement therapy is contraindicated in
aPL-positive women. The most recommended methods of
contraception for efficacy and safety are the progestin-re-
leasing intrauterine devices and injectable medroxyproges-
terone. Barrier methods or oral progesterone contraceptives
may be used, but are less effective.'®

Patients taking VKA therapy should receive vitamin
D supplementation and an adequate supply of dietary
calcium in addition to proton pump inhibitors, consid-
ering, respectively, the risk of osteoporosis and the risk
of digestive bleeding, associated with prolonged use of
oral anticoagulants.’

Future perspectives

Since this is a rare disease, most of the therapeutic options
are based on small studies, and often with a low level of
evidence. There is also a need to standardize the antiphos-
pholipid antibody tests in the different centers, since the
technique varies greatly.?® Therefore, the APS-ACTION
(Antiphospholipid Syndrome Alliance for Clinical Trials
and International Networking) was established as the
first international network created to design and conduct
large-scale multi-center trials in patients with persistent-
ly positive antiphospholipid antibodies.?” Brazil actively
participates in this alliance and believes that better stud-
ies will guide better practices in APS.

ConcLusioN

There is a need to recognize APS in various medical special-
ties, as well as CAPS in intensive care settings. Initiation of
appropriate therapy for a prolonged time may change the
prognosis of the individuals affected by this disease.

Resumo
Atualiza¢io da sindrome do anticorpo antifosfolipide

A sindrome antifosfolipidide (APS) é uma doenca autoi-
mune caracterizada por tromboses e morbidade gestacio-
nal associadas a positividade de antiphospholipid antibodies
(aPL). A maioria das manifestacdes da APS estd diretamen-
te relacionada aos eventos trombdticos, que podem afetar
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pequenos, médios ou grandes vasos. Outras manifestacdes
como trombocitopenia, nefropatia, valvulopatia, disfun¢io
cognitiva e tlceras cutineas (chamadas de manifestagdes
nio critérios) agregam significativa morbidade e muitas
vezes sio refratirias ao tratamento convencional. Embora
tenha sido inicialmente descrita em pacientes com lapus
eritematoso sistémico (LES), a sindrome antifosfolipide
também pode ocorrer em pacientes sem outras doengas
autoimunes associadas. Apesar do cardter autoimune des-
sa sindrome, o tratamento da APS ainda é baseado na
anticoagulacio e na antiagregacio plaquetdria.

Palavras-chave: sindrome antifosfolipidica, anticoagu-
lantes, trombose.
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SUMMARY

The consequences of chronic pain and associated disabilities to the patient and
to the health care system are well known. Medication is often the first treatment
of choice for chronic pain, although side effects and high costs restrict long-term
use. Inexpensive, safe and easy to self-administer non-pharmacological therapies,
such as mirror therapy, are recommended as adjuncts to pain treatment. The
purpose of this review is to describe the principles of use of mirror therapy so it
can be incorporated into a health care delivery. The physiological rationale of
mirror therapy for the management of pain and the evidence of clinical efficacy
based on recent systematic reviews are also discussed. Mirror therapy, whereby a
mirror is placed in a position so that the patient can view a reflection of a body
part, has been used to treat phantom limb pain, complex regional pain syndrome,
neuropathy and low back pain. Research evidence suggests that a course of treat-
ment (four weeks) of mirror therapy may reduce chronic pain. Contraindications
and side effects are few. The mechanism of action of mirror therapy remains
uncertain, with reintegration of motor and sensory systems, restored body image
and control over fear-avoidance likely to influence outcome. The evidence for
clinical efficacy of mirror therapy is encouraging, but not yet definitive. Neverthe-
less, mirror therapy is inexpensive, safe and easy for the patient to self-administer.

this area funded by Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico
(CNPq), government of Brazil.

INTRODUCTION

Chronic pain is a global healthcare problem affecting
developed and developing countries. A systematic re-
view estimated that the weighted mean prevalence of
chronic pain in the adult population worldwide may be
as high as 30.3% (19 studies, 65 surveys, 34 countries,
and 182,019 respondents).! Data from Brazil suggests
that the prevalence of chronic pain in the adult popu-
lation can be as high as 42%.> The economic burden of
chronic pain is greater than that of many other illness-
es and diseases because of the high cost to health care
and to social security services.

Pharmacological interventions are most commonly
used as the first-line treatment for chronic pain, although
side effects and high costs mitigate long-term use. For
example, chronic use of acetaminophen may cause hepa-
totoxicity; NSAIDs may cause gastrointestinal renal dis-
turbances and a risk of bleeding; and opioids may cause
respiratory depression, urinary retention, constipation,
nausea and cognitive impairment. Rehabilitation tech-

Keywords: chronic pain, self care, pain/physiopathology/psychology.

niques are often used as stand-alone treatments or as
adjuncts to pharmacological treatments and include
physical activity and exercise, manual therapy, acupunc-
ture, thermal therapy and electrotherapy such as trans-
cutaneous electrical nerve stimulation (TENS).* The World
Health Organization (WHO) supports the use of reha-
bilitation techniques that are inexpensive, safe and easy
to self-administer in order to reduce healthcare costs and
empower individuals to manage their own pain which is
known to improve outcome.?

A rehabilitation technique that proved promising in
recent years is mirror therapy, which involves a mirror
being placed in a position that allows the patient to view
a reflection of a body part. Mirror therapy is most com-
monly used to relieve pain in limbs by hiding the painful
limb behind the mirror (out of view) whilst the non-
painful limb is placed in front of the mirror so that it
creates a reflection that can be seen by the patient. Thus,
the patient can observe a reflection of the non-painful
limb so that it appears to be in the same position as the
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painful limb (which is out of view) (Figure 1). In amputees,
this creates the illusion of having two intact limbs.* In
individuals with inflamed limbs that appear swollen and
red (e.g. complex regional pain syndrome) it creates the
illusion of having a “healthy-looking” limb.*> Often pa-
tients are reluctant to move painful limbs, creating pain
behaviors dominated by fear and avoidance of movement.
Mirror therapy can be used to create a reflection of a
normally moving healthy limb that is located in the same
place in space as the painful limb hidden behind the
mirror. This gives the illusion that the painful limb can
move normally too.

Mirror therapy can be used as a stand-alone therapy
or in combination with other pain-relieving techniques.
Mirror therapy has been incorporated into therapeutic
programs to treat painful conditions resulting from neu-
ropathy complex regional pain syndrome and non-spe-
cific mechanical back pain.®” It has also been used to
improve functional outcomes after stroke.®

Mirror therapy is not frequently used to treat chron-
ic pain in Brazil, although it has been suggested that
mirror therapy could be inserted in a continuous reha-
bilitation program to modify behavior to improve move-
ment and alleviate pain.>!

The purpose of this review is to describe the principles
of use of mirror therapy so it can be incorporated into a
health-care delivery. The physiological rationale of mirror
therapy for the management of chronic pain and evidence
of clinical efficacy based on recent systematic reviews are

also discussed.

FIGURE 1 Positioning for upper limb mirror therapy.

PRINCIPLES OF USE
During mirror therapy the patient should be seated com-
fortably with the mirror positioned between their af-
fected and unaffected limbs. Patients are asked to align
the reflection of their unaffected limb with the position
of their affected limb, so that the reflection appears as if
it is in the same location as the affected limb hidden be-
hind the mirror. The mirror should be sufficiently large
to observe the reflected limb whilst it moves without
observing the limb behind the mirror.’ Rehabilitation
departments usually have mirrors with stands. In their
absence, portable mirrors can be used; they are relatively
inexpensive and can be purchased over the counter and
via the internet without prescription at a cost of approx-
imately U$10.00. It is important that the mirror is easily
accessible, to encourage the patient to use it and that it
has a good reflection quality and is not bent, to prevent
blurry or distorted reflections. It is advisable to remove
jewelry from limbs as much as possible before treatment.
Treatment begins with an adaptive phase, where the
patient looks at the reflection without moving the limbs.
The reflection of the healthy limb may feel as if it has been
perceptually embodied into the patient’s body schema so
that they get a sense that the reflected limb is their real
limb. Perceptual embodiment is the subjective sense of
one’s body, including a sense of ownership of body parts.
Some patients have difficulty experiencing embodiment,
and in this situation the therapist can facilitate the process
by instructing the patient to imagine that they are look-
ing through a glass instead of a mirror. Another option
is to start with a passive sensory stimulus with slow and
easy to achieve bilateral movements whilst the patient
observes the reflection.” Then the therapist encourages
the patient to move their affected limb, which is hidden
from view, in synchrony with the unaffected limb. For
those in whom movement of the affected limb is not pos-
sible, or if pain or stiffness limit the duration of movement,
the patient should just look at the reflected image of the
unaffected limb until the patient feels ready to progress
to movements.® Patients are told that outcomes improve
by regularly repeating the technique over time and they
are encouraged to perform mirror therapy daily as part
of a self-administered home treatment programme.® Mir-
ror therapy should be performed for short periods of time
and often, for example, five minute sessions, five to six
times per day. A single half hour session once a day or
once a week is not encouraged. A diary where the patient
documents time using the mirror, types of movements,
symptoms and outcomes can be a useful aid to sustain
adherence to the treatment regimen.'”
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Side effects to mirror therapy are motor extinction,
increased pain, exacerbation of movement disorders, con-
fusion and dizziness.!' Treatment is discontinued and
contraindicated if any of these occur during a course of
mirror therapy.

PHYSIOLOGICAL RATIONALE
Mirror therapy was first described in 1995 by Ramachan-
dran et al.* They used a mirror to create the illusion that
an amputated limb appeared fully intact when an indi-
vidual observed a reflection of their intact limb in a mir-
ror (i.e. mirror visual feedback). Generally, reflections of
normal-sized limbs are used, although mirrors, lenses,
binoculars and virtual reality have been used to magnify
and minify the visual appearance of painful body parts.'

Mirror therapy is commonly used to decrease anxi-
ety, fear of movement and perceived threat associated
with movement of painful body parts. This is achieved
by creating a visual illusion of a normally-moving healthy
limb located in the same place in space as the painful limb
hidden behind the mirror. The visual feedback of a
normal moving limb breaks the link between pain and
fear of movement.®8

It has been suggested that pain relief associated with
mirror therapy results from manipulation of sensory and
motor integration within the central nervous system.*®
During movement, sensory information is used to compare
intention with performance, and motor commands are
updated to adjust for discrepancies, ensuring movement
matches intention. Motor signals associated with intended
movement are sent not only to muscles but also to higher
centers within the central nervous system, as an efference
copy, to prepare for the consequence of the motor output
and to compare with sensory information arising from
actual movement (Figure 2). It has been suggested that some

painful conditions can be mediated, in part, by incongru-
ence of sensory and motor information. Mirror therapy
provides corrective sensory feedback to restore congruence
between motor output and sensory input.*®

Mirror therapy has also been used to correct disrup-
tions of body image (body schema) associated with pain
when, for example, patients feel as if body parts are large,
twisted, heavy and swollen (e.g. complex regional pain
syndrome and phantom limb pain) or small and withered
(e.g. osteoarthritic hands).!* Research suggests that pain-
ful disruptions in body image are associated with re-or-
ganization of neural circuits in the brain due to disrupt-
ed somatosensory input from the body part. Mirror
therapy is used to provide a corrective visual representa-
tion of the affected body part to facilitate reorganization
of brain circuits back to their pre-pain state.®3

Mirror therapy can be used to create a sense of a healthy
limb. Painful conditions disturb body image and disrupt
an individual’s sense of ownership of their painful body
part."® A sense of ownership of body parts has been investi-
gated using the rubber hand illusion whereby an individu-
al observes a rubber hand being stroked with a brush (in
view) whilst their real hand is stroked in synchrony but out
of view. Eventually, usually within a few minutes, the sensa-
tion of stroking feels as if it arises from the rubber hand and
the individual experiences a sense that the rubber hand is
part of their body (i.e. embodiment of the rubber hand into
the body schema). This embodiment of the rubber hand
is accompanied by a sense of “loss” (disembodiment) of
the real hand and it is accompanied by physiological re-
sponses such as local skin cooling, proprioceptive drift and
alterations of neural activity in the brain.” The use of
mirror therapy to induce the embodiment of the healthy
reflected limb may help to disembody the painful limb,

thereby reducing sensory input and pain.®

Incongruence
y| Forward C'°"°”a")’ between motor
Efference model Predicted sensory discharge output and
copy feedback 3 sensory input
Comparison
Y Actual sensory 4 Congruence
Mot .
otor - New state of feedback (input) between motor
command Action the bod d
(output) y output an

sensory input

FIGURE 2 Mechanisms involved with motor control. Based on the efference copy of the motor command, a forward model predicts the

result of the action. The prediction (corollary discharge) is compared with the information coming from sensory systems, which indicates the

new state of the body.
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CLINICAL EFFICACY

According to Grant and Booth,' our review is classified
as an overview, which is a summary of the medical litera-
ture that attempts to survey the literature and describe
its characteristics. Recently, a number of systematic reviews
of randomized controlled clinical trials (RCTs) evaluating
the effect of mirror therapy on pain have been published.
A summary of the studies included in the systematic re-
views is provided in Table 1.

The first systematic review to be published was in-
conclusive due to the heterogeneity and low quality of
included studies.!® Rothgangel et al."> included six RCTs
evaluating the effect of mirror therapy on phantom limb
pain, complex regional pain syndrome and pain after
stroke. Four of these RCTs (123 participants) evaluated
mirror therapy as a stand-alone treatment and all found
pain reduction compared with covered mirror control,
mental practice or direct observation of the affected
limb.'*" Two RCTs (64 participants) used mirror therapy
in combination graded motor imagery techniques such
as limb laterality recognition and mental practice and
both found a reduction of pain intensity compared with
usual physiotherapy care.?*?!

The first meta-analysis of data from RCTs evaluating
mirror therapy was conducted as part of a larger review
on the effects of graded motor imagery.?? Bowering et al.2
concluded that graded motor imagery and mirror therapy
alone may be effective for a variety of chronic pain condi-
tions. The meta-analysis consisted of data from three RCTs
(86 participants) and found no effect of mirror therapy
on pain when used as a stand-alone treatment. Control
groups included direct view of both hands?* and covered
mirrors.'*'® When used in combination with graded mo-
tor imagery, mirror therapy was found to produce a large
effect size (standardized mean difference = 1.06; 95%CI
0.41-1.71; p=0.001) on pain reduction in comparison to
usual physiotherapy care (63 participants).?®?!

More recently, Thieme et al.** published a systematic
review with a meta-analysis of data from eight RCTs (224
participants), including five additional RCTs to the previ-
ous review.?> Conditions included complex regional pain

syndrome,” phantom limb pain!®2¢

and pain after
stroke.!17:1923.27 Results indicated that mirror therapy re-
duced pain in the affected limb (standardized mean dif-
ference =-1.00; 95%CI -1.77 to -0.24; p=0.01) when compared
with covered mirror, direct view of both limbs, no treatment
and repetitive transcranial magnetic stimulation.

Boesch et al.” meta-analyzed data from one RCT, one
non-randomized controlled trial and one within subject

comparison study (97 participants) to evaluate the effect

of one session of mirror therapy on phantom limb
pain®*? and complex regional pain syndrome.*® Boesch
et al.” did not detect differences from no treatment or
covered mirror controls, but their meta-analysis of two
RCTs on the effect of a course of mirror therapy lasting
four weeks resulted in a large significant reduction (standard
mean difference =-1.11; 95%CI -1.66 to -0.56; p<0.0001)
in phantom limb and complex regional pain syndrome
compared with covered mirror therapy.'®!® The analgesic
effect of mirror therapy was maintained over time rang-
ing from 2 to 6 months.

An RCT of 30 individuals with complex regional pain
syndrome has been published after these systematic re-
views and the authors concluded that mirror therapy,
when used as an adjunct to conventional stroke reha-
bilitation over the course of four weeks, reduced pain
intensity when compared to conventional stroke reha-
bilitation alone.?!

There are also RCTs on the efficacy of mirror therapy
for back pain, although there are no systematic reviews
to date. Wand et al.® placed one large mobile mirror in
front of the participant and one mirror behind the par-
ticipant so that there was a clear view of the reflection of
their back. They found that pain intensity was reduced
immediately post exercise compared with no reflection
control during repeated lumbar movements (mean dif-
ference = 9.3 mm; 95%CI 2.8-15.7; p=0.007; 25 partici-
pants). The duration of low back pain elicited was also
shown to be significantly reduced in the mirror condition
(mean difference = 49.9 s; 95%CI 19.3-80.6; p=0.003).

CoNncLusIoN

Mirror therapy has been used in clinical practice for over
two decades but it is still not widely accepted as a treat-
ment option in Brazil. At present, there are no evidence-
based treatment protocols for mirror therapy to be used
in clinical settings because of a lack of studies investigat-
ing clinical indications, treatment duration and fre-
quency, or characteristics of mirror therapy intervention.
This means that techniques are likely to vary considerably
among practitioners and patients. Evidence for clinical
efficacy is encouraging but not yet definitive. Neverthe-
less, mirror therapy is inexpensive, safe and easy for the
patient to self-administer following initial training. Con-
traindications and side effects are few. These character-
istics make mirror therapy a potential treatment option
for pain management.
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TABLE 1 Description of studies included in the systematic reviews investigating the effect of mirror therapy on pain.

Study and Condition Total duration  Intervention Author’s
design conclusion
Cacchio etal."” Complex 4 weeks Patients performed all of the cardinal (proximal to distal) movements  Evidence of
RCT regional pain 7 days a week of the affected arm effect
syndrome 30 minutes
Cacchio et al.™® Complex First 2 weeks Flexion and extension of the shoulder, elbow and wrist, and Evidence of
RCT regional pain 5 days a week pronosupination of the forearm effect and
syndrome 30 minutes effect
Last 2 weeks maintained
5 days a week after 6
1 hour months
Chan et al.’® Phantom limb 4 weeks Not specified Evidence of
RCT pain 7 days a week effect
15 minutes
Brodie et al.?® Phantom limb 1 session Patients attempted to perform the following movements: straighten  Evidence of
RCT pain and bend the legs at the same time, and alternately. Point feet upwards, no effect
and downwards. Turn soles in towards and away from each other.
Move feet in a circle. Lift feet off the ground in a walking movement.
Point toes upwards and downwards keeping ankle and foot still.
Clench, unclench, spread out and relax toes. Point up big toe and
point down the other toes, then reverse
Michielsen etal.?®  Chronic pain 6 weeks Participants performed bimanual exercises, with the difficulty of the  Evidence of
RCT post stroke 5 days a week exercises depending on the patients’ individual levels of functioning  no effect
1 hour
Dohle et al.” Severe 6 weeks Arm, hand and finger postures in response to verbal instructions, Not reported
RCT hemiparesis 5 days a week protocol scaled according to the patients’ level of performance
30 minutes
Moseley?! Complex 2 weeks Patients were instructed to conduct smooth and pain-free movements  Evidence of
RCT regional pain 7 days a week in accordance to pictures randomly presented effect in
syndrome type T 10 minutes for combination
each waking hour with GMI
Moseley?® Complex 2 weeks Patients were instructed to conduct smooth and pain-free movements  Evidence of
RCT regional pain 7 days a week in accordance to pictures randomly presented effect in
syndrome type T 10 minutes for combination
each waking hour with GMI
Flinn et al.?? Phantom limb Not specified Not specified Evidence of
Non-randomized pain no effect
controlled trial
McCabe etal.®*®  Complex regional 1 session Flexion-extension cycles of both limbs with the range of movement Evidence of
RCT pain syndrome 5 minutes and speed dictated by the patients’ pain effect
Michenthaler® Complex regional 6 weeks Motor activities in 5 positions (not specified) Not reported

RCT

pain syndrome

2 days a week

30 minutes
Stein?® Phantom limb 5 days Motor and sensory tasks (not specified) Not reported
RCT pain 45 minutes
Acerra et al.?’ Stroke 2 weeks Functional motor tasks (i.e. with objects); motor coordination tasks; Not reported

RCT

7days a week

20 to 30 minutes

sensory discrimination tasks; grip strength; active range of motion

RCT: randomized controlled trial; GMI: graded motor imagery.
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SUMMARY

Introduction: Breast cancer is the leading type of cancer causing death in women
worldwide. The incidence of the disease is expected to grow worldwide due to the
aging of the population and risk factors related to lifestyle behaviors. Considering
the lifestyle of women with breast cancer before or after surgery, pilates exercise
may be a complementary intervention additionally to standard treatment.
Objective: To analyze the efficacy of pilates compared to other exercises and to
no exercise for women with breast cancer diagnosis.

Method: We searched Medline via Pubmed, Embase via Ovid, Amed via EBSCO,
Biosis via Ovid, Lilacs and the Cochrane Library for relevant publications until
March 2017. The keywords used were pilates and “breast cancer,” and only
randomized controlled trials were included. Critical appraisal was done using
Risk of Bias Tool and GRADE score for assessing the quality of evidence.

Study conducted at Universidade
do Extremo Sul Catarinense,

Results: A total of five studies were included in our review. Our results demonstrate
Cricigma, SC, Brazil that pilates or home-based exercises are better than no exercise in each individual
study. We observed significant improvements in the pilates groups compared to
home-based exercises. Additionally, in the individual studies, we observed

improvements in range of motion, pain and fatigue.
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Conclusion: The evidence shows that pilates or home-based exercise should be
encouraged to women with breast cancer.

Keywords: motor activity, exercise movement techniques, breast neoplasms,
delivery of health care.

http://dx.doi.org/10.1590/1806-9282.63.11.1006

INTRODUCTION
Breast cancer is the leading type of cancer causing death in
women worldwide, affecting 1,2 million new cases/year.! The
incidence of the disease is expected to grow worldwide due
to the aging of the population, risk factors related to lifestyle
behaviors such as smoking, poor diet and physical inactiv-
ity.® Data from the GLOBOCAN 2012, produced by the
International Agency for Research on Cancer (IARC), esti-
mate that breast cancer incidence was as high as 1,676,600
new cases in that year.® The prognosis is good when early
treatment is started, reaching 88% of cure rate in five years.!
Breast cancer diagnosis can lead a woman’s life to con-
sternation, translated into psychophysical suffering, and to
an invasive surgery to remove an organ that is symbolic for
women and has a negative impact on their quality of life.

Physically, women may have their functional capacity com-
promised by losing muscular strength, reducing the range
of motion and increasing pain.”® Socially, women may feel
isolation, since breast is a symbol of femininity, sexuality
and maternity.”'? With the evolution of better diagnostic
methods, early detection was improved, leading to favorable
prognosis and, thus, a longer survival rate to the patients.'>!*

Breast cancer usually occurs in women over 40 years
of age but it has recently been more and more diagnosed
in younger individuals.!* With this in mind, the social
aspects of surgery and chemotherapy are more relevant
in younger populations. Women being treated for breast
cancer experience many complex situations that require
adaptations for the improvement of her physical and
emotional structure.!¢
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PILATES FOR BREAST CANCER: A SYSTEMATIC REVIEW AND META-ANALYSIS

Despite providing longer survival with early diagno-
sis of breast cancer, treatment leaves sequelae with adverse
effects such as: influence on functional capacity, fatigue,
depression, neuropathic lymphoedema, low immunity
and loss of flexibility. All of these effects end up affecting
the quality of life.!

From the previously described weaknesses that post-
treatment for breast cancer provides to patients, the pilates
method aims to aid in symptom relief by helping patients
regain functionality, improve performance in daily life
activities and help reduce fatigue and improve quality of
life.® Lastly, pilates exercise may be a complementary in-
tervention, additionally to standard treatment. It is based
on the main movements of the body, encouraging the
performance of a mind-body connection, using principles
such as: breathing, concentration, body alignment, preci-
sion, control, rhythm and endurance.'”'8

The evidence to support the recommendation and
widespread use of pilates in women with breast cancer or
after surgery has not been well reported yet. Some studies
compared the efficacy of pilates compared to other types
of exercises on functional capacity, pain and muscular
strength showing the benefits of any type of exercise, espe-
cially with pilates. Thus, the aim of our study was to analyze
the efficacy of pilates compared to other exercises and to
no exercise for women with breast cancer diagnosis.

MeTHOD
Data sources and searches
The protocol for this systematic review was registered at
PROSPERO (international prospective register of sys-
temic reviews, http://www.crd.york.ac.uk/PROSPERO/
display_record.asp?ID=CRD42016050360). We searched
Medical Literature databases Analysis and Retrieval Sys-
tem Online (Medline) via Pubmed, Excerpta Medical
Database (Embase) via Ovid, Allied and Complementary
Medicine Database (Amed) via EBSCO, Global health,
Biological Abstracts/Reports, Reviews, Meetings (Biosis)
via Ovid, as well as the Latin American and Caribbean
Health Sciences (Lilacs) and the Cochrane Library for
relevant publications until March 2017. All searches were
run individually. Additionally, we searched the WHO
ICTRP (International Clinical Trials Registry Platform)
and ClinicalTrials.gov for completed and ongoing studies.
The search, Cochrane Highly Sensitive Search Strategy,
used the following keywords: Pilates AND “Breast Neo-
plasms” [Mesh]| OR “breast cancer.” The search was sensi-
tive and did not use study filters. We checked the reference
lists of all primary studies included for additional refer-
ences. We applied no language or publication restrictions.

We included only randomized controlled trials about
women with breast cancer or women after breast cancer
surgery undergoing treatment and doing pilates exer-
cises in one arm of the study comparing to no exercise or
a different type of exercise in the control group.

Study selection

Two review authors (AJG, GBN) independently assessed
all studies identified from the database searches by screen-
ing titles and abstracts using the Review Management
website Covidence (http://www.covidence.org). We sepa-
rated potential studies for full-text reading. A third review
author (ET) resolved any disagreements. We described
the reasons for including and excluding trials.

Data extraction and quality assessment

Two review authors (AJG, GBN) independently extracted
data from the included studies using a standard data
extraction form. In this form we extracted information
regarding study design, participant description, pilates
exercises, control description, each outcomes explored in
the studies.

All included studies were assessed for their method-
ological quality using the Risk of Bias tool from Cochrane
Collaboration. The tool is composed of six categories of
bias (selection, performance, detection, attrition, report-
ing and other biases). Items were scored as positive (low
risk of bias), negative (high risk of bias) or insufficient
information (unclear risk of bias). A figure described the
assessment for each study in the results section.

Data synthesis and statistical analysis

All included studies were organized in Table 1, which
summarizes all of the participants’ data, all interventions
and characteristics of the control group participants, as
well as all published outcomes.

A meta-analysis was possible only for the functional
capacity outcome. All the tables were organized using
Microsoft Excel 2016 and the review was performed using
RevMan 5.3 (The Nordic Cochrane Centre, Copenhagen,
Denmark).

ResuLts

The search led to the identification of 34 studies and two
additional studies were found by manual search, four of
which were excluded as duplicates (Figure 1). A total of 32
studies were assessed based on title and abstract, of which
21 were excluded because they did not fulfill inclusion
criteria. Full-text studies were retrieved for 11 titles, of
which seven were excluded.

Rev Assoc Mep Bras 2017; 63(11):1006-1011
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FIGURE 1 Flow chart of systematic review process.

A total of four studies’®*? were included in the review.
The number of participants in each study ranged from 26
to 57. Two studies were from Turkey, one from Iran and one
from the USA. The mean age of participants in each study
ranged from 44.11+6.19 to 56.50+12.97 years. Most stud-
ies included women diagnosed with stage I, IT or III breast
cancer. Most of the studies prescribed pilates three times
per week during 8 weeks and each session lasted 45-60
minutes. All studies had supervision of a physiotherapist.

Methodological quality of included studies

We used the Risk of Bias tool adopted in Cochrane reviews
to analyze the risk of bias in randomized controlled trials.
Figure 2 describes each category of bias assessed as low
risk, unclear risk and high risk. Random sequence gen-
eration was properly described only in two studies;"*
other two studies®" did not provide enough information
about how randomization was conducted and were ran-
domized according to baseline values.

Allocation concealment was unclear in three stud-
1819 which did not provide information on how it was
done. Alpozgen et al.?* properly described allocation con-

ies,

cealment and did not conceal allocation. Blinding of’
participants, personnel and outcome assessment pre-
sented high risk in all studies due to the characteristics

Random sequence generation (selection bias)

Allocation concealment (selection bias)

v
v
. . . . Blinding of participants and personnel (performance bias)
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Martin 2013
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. . . . Blinding of outcome assessment (detection bias)
. ' . ‘ Incomplete outcome data (attrition bias)

. . . . Other biases

FIGURE 2 Results of the evaluation of each study according to the

Risk of Bias tool.

of participants; nevertheless, the outcome assessor could
have been blinded.

Two studies™*® had high loss of follow-up and did not
properly adjust the statistics for the missing participants,
while other two studies®" did properly adjust the statisti-
cal analysis. All studies reported what they proposed in the
methods; however, most of them did not present a trial
registration number and thus we judged all studies as low
risk of bias for selective reporting. In the category Other
bias, one study was considered High risk, since the study
design was not adequate to answer the research question.

Pilates x home-based exercise
Only one comparison was possible in this study. After
extracting all data from the primary studies, we observed

that two studies!?°

compared pilates x home-based exer-
cises for the outcome functional capacity. Both studies
used different scales to measure functional capacity, thus
we used standardized mean difference to pool the results.
Using random effects meta-analysis we found significant
difference between pilates x home-based exercise (two

studies, 79 participants; standardized mean difference
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[SMD] 0.99 [95CI 0.51-1.47]; Chi? test 0.71; df=1; p<0.001;
I2 statistic 0% for functional capacity). Figure 3 presents
the forest plot with comparison of pilates x home-based
exercise for functional capacity.

DiscussioN

Breast cancer is a chronic degenerative disease with sig-
nificant global public health importance for women.® The
risk factors are well known and improving lifestyle may
be a protective factor and reduce the risk of developing
the disease.**1%2! This is the first systematic review and
meta-analysis to specifically investigate and compare the
practice of pilates with no exercise and with other exer-
cises for women with breast cancer.

Overall, our results demonstrate that pilates or home-
based exercises are better than no-exercise in each individ-
ual study. Considering the pooled data for two studies, a
meta-analysis was conducted only for the outcome of func-
tional capacity, thus we observed significant improvements
in the pilates group compared to home-based exercises. This
result was expected: since pilates had a professional moni-
toring the performance of every exercise, the women had
an extra motivation to take pilates training, and had com-
pany to exercise. Additionally, in the individual studies we
observed improvements in range of motion, pain and fatigue.

There is a systematic review about the methods used
in pilates for women’s health published in 2015."” Con-
sidering pilates and breast cancer, the authors included
only two studies. In our systematic review, we found three
more RCTs in the literature, and so we can consider it an
update of the evidence. We were also able to conduct a
meta-analysis on functional capacity. There is growing
interest in the topic and new studies are being conducted.

Considering the quality of the studies, improvements
are necessary, to perform randomization and allocation
concealment, not only in the conduction of the study, but
also better described in the study. Due to the type of in-
tervention, blinding was not possible; however, outcome

assessors could have been blinded in the studies. Incom-
plete outcome data was another problem found, with
some studies presenting high loss at follow-up.

As for risk of bias assessment, imprecision, inconsis-
tency, indirectness and publication bias, we were able to
categorize the evidence based on the GRADE score as low
quality. This means that the evidence organized is this
systematic review is “very likely that further research would
change our estimate of effect or our confidence in it.”

The limitations of our research rely on the fact that
different protocols of pilates exercises and home-based
exercises were used across studies. Heterogeneity was
tested but not found across studies. A strong factor is
that our review considered all studies around the world.
Note that one study was Persian and we had a collabora-
tor translating it.

ConcLusIoN

The individual studies show that pilates is better than
home-based exercises and no-exercise. The studies also
showed that home-based exercise or pilates are better
than no exercise on fatigue, range of motion, mood and
it does not bring risks.

The evidence shows that pilates or home-based exer-
cise should be encouraged for women with breast cancer,
and we believe that future studies will succeed in present-
ing the evidence in a stronger and more reliable manner.
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Resumo

Pilates para mulheres com cincer de mama: revisio sis-
temAtica e metanalise

Introducio: O cincer de mama é o principal tipo de
cancer que causa morte em mulheres em todo o mundo.

Study or Pilates Home-based exercises Standard mean difference Standard mean difference
subgroup Mean SD Total Mean SD Total Weight 1V, random, 95CI IV, random, 95CI
Eyigor 2010 84.39 10.47 27  75.83 10.59 15  53.8% 0.80[0.14, 1.46] —a—
Zengin 7217 6.66 18  60.05 11.97 19  46.2% 1.22[0.51,1.92] -
Alpozgen 2016 > =
Total (95CI) 45 34 100%  0.99 [0.51,1.47] é ; v 1. é
Heterogeneity Tau?=0.00; Chi’=0.71, df=1 (p=0.40); 1’=0% Home-based exercises  Pilates
Test for overall effect Z=4.04 (p<0.0001)

FIGURE 3 Forest plot comparing pilates versus home-based exercises for functional capacity.
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PILATES FOR BREAST CANCER: A SYSTEMATIC REVIEW AND META-ANALYSIS

Estima-se que a doenca cresca em razdo do envelhecimen-
to da populac¢io e dos fatores de risco relacionados ao
comportamento e estilo de vida. Considerando o estilo
de vida das mulheres com cincer de mama antes ou ap6s
a cirurgia, o exercicio de pilates pode ser uma intervencio
complementar, além do tratamento padrio.

Objetivo: Analisar a eficicia do pilates em relacio a outros
exercicios e a nenhum exercicio para mulheres com diag-
nostico de cincer de mama.

Método: Buscamos em Medline via Pubmed, Embase via
Ovid, Amed via EBSCO, Biosis via Ovid, Lilacs e Cochrane
Library publica¢des relevantes até marco de 2017. As
palavras-chave utilizadas foram pilates e “cincer de mama”;
apenas ensaios clinicos randomizados foram incluidos.
A avaliacio critica foi feita com a ferramenta Risk of Bias
e escore GRADE para avaliar a qualidade da evidéncia.
Resultados: Um total de cinco estudos foi incluido nes-
ta revisdo. Nossos resultados demonstram que pilates ou
exercicios feitos em casa sio melhores do que a auséncia
de exercicios em cada estudo individual. Observamos
melhorias significativas no grupo de pilates em compa-
racdo com exercicios em casa. Adicionalmente, nos estu-
dos individuais observamos melhorias na amplitude de
movimento, dor e fadiga.

Conclusio: A evidéncia mostra que pilates ou exercicios
em casa devem ser encorajados a mulheres com cancer
de mama.

Palavras-chave: atividade motora, técnicas de exercicio
e de movimento, neoplasia de mama, assisténcia a satde.
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The concomitance between coronary artery disease and carotid artery disease is
known and well documented. However, it is a fact that, despite the screening
methods for these conditions and the advances in surgical treatment, little has
been achieved in terms of reducing the risk of complications in the perioperative
period. Publications are scarce, being mostly composed of reports or case series.
There is little agreement on the best initial therapeutic approach (myocardial
versus carotid revascularization) or the best technique to be used (surgery with
or without extracorporeal circulation, hybrid treatments, etc.). The authors
performed a review of the evidence in this clinical scenario, raising pragmatic
questions that help in the therapeutic decision.

Keywords: coronary disease, carotid artery diseases, myocardial revascularization.

INTRODUCTION

Cerebrovascular accident (CVA), or stroke, is a periopera-
tive complication that occurs in about 2% of myocardial
revascularization (CABG) surgeries.! Evidence suggests
that the main etiology is the macroembolization of ath-
erothrombotic debris derived from the aortic arch.?

An important subgroup of risk for such complication
is that of patients with significant carotid stenosis (> 70%).
However, it has been demonstrated in some studies that
this is also a predictor of severe atherosclerotic disease in
the aortic arch.? Therefore, the presence of significant
carotid stenosis seems to serve more as a marker of risk
for aortic arterial disease than as a causal relationship for
CVA in the perioperative period of CABG.*

Although carotid Doppler ultrasound (USG) screen-
ing is routinely performed for preoperative CABG as-
sessment in many institutions, the benefit of carotid
revascularization surgery (CAR) in asymptomatic pa-
tients is questioned.’

Therapeutic choice in patients with coronary artery
disease (CAD) and concomitant carotid disease is also
controversial, based on few studies and the experience
of institutions. Therapeutic strategies include: 1. com-
bined surgery (CABG and CAR in the same procedure);
2. staged surgeries (CABG with subsequent CAR x CAR
with subsequent CABG); 3. hybrid procedure (CABG with
percutaneous carotid intervention - PCI). The strategies

can be simultaneous or staged, being performed in one
or two surgical times, respectively.®”

CAROTID ARTERY DISEASE SCREENING
IN THE PREOPERATIVE PERIOD OF
MYOCARDIAL REVASCULARIZATION
Currently, there is a strong tendency to request USG ca-
rotid Doppler as part of preoperative assessment of CABG.
In patients undergoing CABG, the prevalence of major
carotid disease is known to range from 2.8 to 22%. On
the other hand, among patients undergoing endarterec-
tomy, the prevalence of coronary artery disease is between
28 and 40%.2 Despite the strong association between dis-
eases, the incidence of CVA in patients submitted to CABG
is low, varying from 1.3 to 2.0%.°

The etiology of perioperative CVA is multifactorial, the
most common being embolism calcified plaques. Accord-
ing to a meta-analysis by Naylor and Bown,’ the incidence
of ipsilateral CVA combined with important asymptomatic
ipsilateral carotid stenosis is low, only 2%. Note that the
main etiologies are related to the procedure per se, such as
pressure control, diastolic pulmonary hypertension, ath-
erothrombotic macroembolization during aortic clamping
and cannulation, and microembolization of platelet aggre-
gates caused by a swirling flow in cardiopulmonary bypass.*°

Risk factors for perioperative CVA are: previous CVA
or transient ischemic attacks (TIA), peripheral arterial
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disease, systemic arterial hypertension, advanced age (> 65
years), left ventricular dysfunction, obstructive carotid
disease and atrial fibrillation.® Although risk factors help
in the stratification of patients undergoing surgery, Du-
rand et al.!! created an algorithm based on the character-
istics of the patients in an attempt to predict the occur-
rence of carotid disease, finding a high false-positive rate
and low specificity.

Doppler USG has proved to be a very accurate test in
the quantification and definition of carotid disease, and
it is useful to define patients with a high risk of athero-
thrombotic events ranging from 3%, in the case of asymp-
tomatic patients with unilateral stenosis from 70 to 99%,
to 7-11% in carotid occlusion. Although this is a cost-

-effective screening test, there is no study to justify its
routine large-scale use in an attempt to reduce morbidity
and mortality, so it should be used in selected patients
as directed by the Society of Thoracic Surgeons and the
American College of Cardiology.'? According to the 2014
European directive on myocardial revascularization, Dop-
pler USG is indicated in the preoperative context for pa-
tients with a history of CVA or TIA, in addition to ca-
rotid bruit. Its utility should also be considered in patients
with peripheral obstructive arterial disease, elderly indi-
viduals (> 70 years), and in multi-vessel coronary disease.'®

SCREENING OF CORONARY ARTERY DISEASE

IN THE PREOPERATIVE WORKUP OF CAROTID
ARTERY REVASCULARIZATION

While prevalence of significant carotid disease among
CABG candidates is low, this seems to be different in a
reverse context. The association between carotid and
coronary atherosclerosis is very prevalent, consisting of’
46 to 71% in patients undergoing elective vascular sur-
gery.'*15 Despite the high prevalence, there is little con-
sensus among cardiologists regarding the stratification
of coronary disease in patients with no evidence of an-
gina or anginal equivalent. Illuminati et al." randomized
two groups of patients, asymptomatic from a cardiovas-
cular standpoint, either with indication of endarterec-
tomy for coronary angiography (CINE) or not, with fur-
ther treatment using percutaneous angioplasty or
surgical revascularization. All patients were maintained
with dual-antiplatelet therapy (ASA 100 mg + clopidogrel
75 mg) and high-potency statin. In the comparison of the
group of patients undergoing CINE with those that did
not receive this treatment, a substantial difference was
found in the prevalence of acute myocardial infarction
(AMI), respectively 1.4 and 15.7%. Despite the optimistic
data, the severity of the patients in this study was low,

being mostly uniarterial or biarterial, asymptomatic and
without ventricular dysfunction, with only two indications
of surgical revascularization. It is also important to note
the excess of interventions in patients with chronic coro-
nary artery disease, who would probably have a good
long-term prognosis in optimized clinical treatment.

According to the IT Guideline for Perioperative Eval-
uation of the Brazilian Society of Cardiology,' patients
with intermediate risk for CAD according to the Lee
criteria, with an indication for vascular surgery, should
undergo noninvasive tests for diagnosis of CAD: stress
myocardial perfusion imaging (scintigraphy), exercise
stress test or pharmacologic stress echocardiography.
The indication of CINE should be reserved for patients
with non-invasive tests suggestive of high risk or pa-
tients with acute coronary syndrome.'®

IMANAGEMENT OF DUAL-ANTIPLATELET THERAPY
According to the current literature, there is no consensus on
the management of antiplatelets in this setting. ASA dosage
is 100-325 mg/day and clopidogrel dosage is 75 mg/day,’
with some reports of clopidogrel loading dose of 600 mg
approximately 4 hours before endarterectomy or carotid
angioplasty. When choosing between staged procedures,
if patient is using DAPT there is a tendency to maintain
ASA and to suspend clopidogrel at least S days prior to
CABG, but it is important to assure the mandatory period
of 3-4 weeks of DAPT after carotid stenting, which can
delay CABG." In some patients with limiting CCSIII-IV
angina, Lopes et al.’® chose to maintain double antiag-
gregation and perform CABG soon after clinical stabiliza-
tion after carotid angioplasty.

According to the protocol for update and focus on
arterial vascular surgery of the II Guideline for Perioperative
Evaluation of the Brazilian Society of Cardiology,'¢ ASA
should be maintained at a dosage of 75 to 100 mg/day.
Regarding the use of clopidogrel, the risk of bleeding inher-
ent to the procedure should be considered. When the risk
is moderate or high, clopidogrel should be discontinued
five days prior (recommendation grade I, level of evidence
C), and when the risk of bleeding is low, the antiaggregant
should be maintained in the perioperative period.

COMBINED CORONARY AND CAROTID

SURGICAL REVASCULARIZATION VERSUS

STAGED SURGICAL REVASCULARIZATION

There is great divergence of opinion as to the best way to
approach simultaneous carotid and coronary disease.
According to a meta-analysis by Fareed et al.,'® the safest
and lowest mortality rates for CVA and AMI would be to
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perform endarterectomy synchronously to CABG without
extracorporeal circulation (ECC).

On the other hand, when evaluating data by Naylor and
Bown? regarding studies from 1972 to 2002, results opposite
those of Fareed et al. are observed.!° The worst outcomes,
including overall mortality, composite endpoint of death +
CVA and death + CVA + AMI were higher in patients sub-
mitted to synchronized surgery, respectively 4.6, 7.4, 8.7
and 11.5% compared with staged procedures. However,
the incidence of CVA alone, both ipsilateral in major ca-
rotid disease and CVA in any territory, was higher in CABG
prior to CAR; and the rate of AMI alone was higher in
patients submitted to CAR preceding CABG. It is impor-
tant to mention that the majority of patients were asymp-
tomatic from a neurological point of view, and there was
no standardized way to diagnose perioperative AMI, which
was therefore underdiagnosed.

Despite the divergence among studies, much can be
asked about the actual prevalence of CVA combined with
carotid disease. The fact is that most CVAs were diagnosed
after 24 hours of surgery, regardless of the territory of
carotid disease, and many of the patients did not have
significant carotid atherosclerosis.

According to recommendations by Masabni et al.,* when
choosing a carotid approach prior to CABG, both procedures
should be avoided at the same anesthetic time due to the
risk associated with hyperperfusion syndrome after carotid
revascularization, making it imperative to observe level of
consciousness and neurological parameters shortly after
the procedure. Another logical approach is that performed
by the team of Seyed Ebrahim,' at the Tehran Heart Center,
which advocates prioritizing the treatment of the most
severe entity: in patients with symptoms of unstable angina
or asymptomatic carotid disease, only CABG is performed;
while in patients with stable coronary disease and symp-
tomatic carotid stenosis, the approach advocated is that of
carotid artery simultaneously with CABG. The common
sense is that the CAR option is based on patient comor-
bidities, CABG urgency, supra-aortic vessel anatomy and
medical center experience."?

Such heterogeneity in the results of studies comparing
surgical techniques to approach these two entities reflects
the limited evidence in this scenario: the studies are most-
ly single-center studies composed of series of cases with
selection bias, so that the experience of the surgeon and
the service seems to have direct interference in the results.

HYBRID TREATMENT
An alternative strategy for the management of patients
with CABG indication and those with significant carotid

stenosis is the hybrid procedure. It consists of PCI (angio-
plasty and stent placement) combined with CABG. It may
be synchronous (performed at the same surgical time) or
staged (performed at two different times), and associated
with CABG with or without ECC. It is another therapeutic
alternative based on the experience of certain services, in
series of cases, single-center studies and retrospective ana-
lyzes. Although there are no multicenter and prospective
studies that evaluate the superiority and safety of this
therapeutic approach to the detriment of others, it is an-
other alternative for the treatment of patients with coronary
artery disease and carotid stenosis in institutions with
structure and experience to carry out hybrid procedures.?

The synchronic approach, using percutaneous treat-
ment with stent implantation in carotid lesions (> 60%
symptomatic or > 70% asymptomatic) followed immedi-
ately by CABG, showed an incidence of 2.2% of CVA/death
after 30 days and absence of neurological complications
related to the percutaneous procedure and AMI. In this
single-center, prospective and nonrandomized study
(n=90), synchronic hybrid treatment was a reasonable
option for the selected group of patients.*

The prospective/multicenter SHARP trial (n=101)
evaluated PCI associated with CABG at the same surgical
time in high-risk patients (EuroESCORE 2 5).** Simulta-
neous hybrid technique demonstrated 98% success in the
procedure and 2% cumulative incidence of AMI/CVA/
death within 30 days. It thus demonstrated a feasible and
promising approach for this group of patients.??

Retrospective evaluation of the CARE® (Carotid Ar-
tery Revascularization) registry evaluated the clinical
characteristics of patients undergoing carotid endarter-
ectomy and percutaneous intervention of carotid lesions
immediately before CABG. Despite regional variations,
patients undergoing percutaneous intervention had more
advanced vascular disease, but less pre-surgical risk.?

Patients with symptomatic carotid stenosis are four
times more likely to develop neurological complications
during CABG perioperative period. The hybrid treatment
was also evaluated in this group of patients (previous TIA/
CVA) in a prospective/single-center study (n=57). The
hybrid procedure was shown to be a viable alternative for
the treatment of this high-risk group, although the strat-
egy also lacks studies with a higher level of evidence for
recommendation to the detriment of other therapeutic
options in this context.**

A prospective cohort compared the staged hybrid
treatment (prophylactic PCI followed by CABG) with
CABG (non-ECC) in 112 patients with significant ca-
rotid stenosis and CABG indication. Prophylactic percu-
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High
neurological risk?

High cardiac risk?

Coronary approach
No (at the cardiac
surgeon’s discretion)

Carotid approach
(at the vascular
surgeon’s discretion)

| 1
Simultaneous
CABG + CAR

Hybrid treatment

FIGURE 1 suggested algorithm for therapeutic management of concurrent carotid and coronary artery disease.

CABG: surgical myocardial revascularization; CAR: carotid artery revascularization surgery.

High neurological risk: Clinical variables: symptomatic patient (previous stroke or TIA, amaurosis fugax, ischemic or infarction areas in CNS images, even without previous neurological symptoms).

Angiographic variables: bilateral carotid stenosis 70-99%, unilateral carotid stenosis 70-99% + contralateral occlusion.
High cardiac risk, clinical variables: unstable angina, CCS IlI-1V angina, acute coronary syndrome (AMI, STEMI or non-STEMI). Angiographic variables: left coronary artery lesion greater than 70%,
or proximal anterior descending (AD) artery greater than 90%, or AD and proximal circumflex (CX) > 70%, one of them greater than 90%.

taneous carotid stenosis did not reduce the risk of CVA
in patients undergoing CABG, except for the subgroup
of symptomatic patients (CVA/TIA) with bilateral ca-
rotid obstruction, in whom hybrid staged treatment could
present a better neurological outcome in centers experi-
enced and qualified for such procedure.”

Comparing CABG alone versus PCI + CABG (11) per-
formed within a mean interval of 5-6 weeks, there is a trend
in absolute numbers of higher risk of death, CVA and AMI
with combined surgery, respectively 0.9, 3.6 and 1.8% vs.
3.2, 6.4 and 6.4%, but without statistical significance. We
emphasize that this study was performed by a medical
center with extensive experience in carotid angioplasty and
should be taken into account when observing the results.

The lack of standardization of current studies, for
instance the surgical technique (percutaneous interven-
tion versus endarterectomy with or without a filter basket),
demographic and symptomatic profile of patients, and a
small number of patients, often without randomization,
make comparisons and broad definition of the best ap-
proach difficult. A feasible percentage, which would func-
tion as a treatment target, would be < 3% in the rate of
complications following carotid angioplasty in asymp-

tomatic patients, and < 6% in symptomatic patients.!**

ConcLusioN
As already mentioned, the association of carotid and
coronary atherosclerosis is very prevalent, with no con-

sensus to date on which sequence of surgical approaches
is the safest. In fact, greater importance should be given to
intraoperative care, focusing on strict control of systemic
blood pressure, avoiding extreme BP levels and including
careful evaluation of the aorta during clamping and can-
nulation, as well as monitoring of cerebral oxygenation.?
The risks inherent to the procedure should be considered
(higher CVA rate in revascularization surgeries in the pres-
ence of carotid disease and higher rate of AMI in carotid
surgeries concomitant with significant CAD) in the thera-
peutic decision (Figure 1). Individualization of treatment,
use of less invasive techniques (PCI whenever possible or
endovascular treatment of carotid arteries), and shared
decisions with the Heart Team should be encouraged.
Surely the maxim that advocates treatment of the most
severe entity in the first place has a place in this scenario.
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Resumo

Abordagem da doenca coronariana e carotidea concomi-
tante: epidemiologia, rastreamento e tratamento

A concomitincia entre doenga arterial corondria e doenca
carotidea é conhecida e ja bem documentada. Fato é, porém,
que, a despeito dos métodos de rastreio dessas condi¢cdes
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e da evolucio do tratamento cirtirgico, pouco se tem con-
seguido em termos de reducdo de risco de complica¢des
no perioperatério. As publicagdes sdo escassas, sendo em
sua maior parte compostas por relatos ou séries de caso.
Ha pouco consenso sobre qual a melhor abordagem tera-
péutica inicial (revascularizacio miocardica versus caroti-
dea), bem como sobre a melhor técnica a ser empregada
(cirurgia com ou sem uso de circulac¢do extracorporea,
tratamentos hibridos, etc.). Os autores realizaram uma
revisdo da evidéncia nesse cendrio clinico, pontuando
questdes pragmadticas que ajudem na decisdo terapéutica.

Palavras-chave: doenca das coronarias, doencas das ar-
térias carotidas, revascularizacio miocardica.
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