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Cardiovascular aggravators result from a series of 
factors that may be related among themselves or meta-
bolically connected; thus, these may contribute to and 
determine the onset of future diseases that may affect 
the functioning of the heart, such as arterial hyper-
tension (SAH)1. SAH is frequent in developing and 
developed countries, and the number of occurrences 
increases with age2. There are, in Brasil, 250,000 
deaths per year due to cardiovascular diseases, and 
SAH is one of the causes in approximately 50% of 
them3. Studies show that its occurrence is between 
52% and 63%, which makes it possible for SAH to be 
considered a public health problem that considerably 
increases the cardiovascular risk of patients in these 
cases1,4-6.

Clinical trials for the management of hypertension 
show the importance of controlling blood pressure 
(BP) as a means of reducing the risks of cardiovascular 
diseases3. A review study that included eight trials 
and more than 15,000 individuals aged 60 years or 
older indicated that the use of antihypertensive agents 
reduced stroke by 30%, coronary heart disease by 23%, 
and mortality by 13%. Patients with SAH have obesity, 
elevated heart rate, diabetes mellitus, and high cho-
lesterol levels. SAH alone is found in only 13% of men 
and 20% of women7. This shows the importance of 
detecting, controlling, and treating other aggravating 
factors, if present, early.

SAH is characterized by several functional and 
structural changes in the plasma membrane, which 
are constantly related to changes in metabolism, such 
as high blood triglycerides, low levels of HDL, and high 
levels of LDL8. The elevation of viscosity in the plas-
malemma that occurs in high-pressure carriers shows 
changes in lipid composition9. In cases of high levels of 
triglycerides and high levels of cholesterol, there is a 
great transition between the lipids present in the blood 
and those present in the plasma membranes, which 
leads to a decrease in the fluidity of the membranes 
and a change in the transport of ions8. An increased 
supply of cholesterol to plasma membranes was asso-
ciated with decreased sodium and potassium pump 
function, reduced sodium efflux, and increased intra-
cellular sodium affinity10,11. The decrease in plasma 
membrane cholesterol has increased the rate at which 
sodium and potassium pump ions are transported12,13. 
Similarly, the decrease of plasma membrane choles-
terol in erythrocytes led to increased sodium efflux 
and decreased intracellular sodium14. The latter may 
be considered beneficial since the reduction in the 
sodium levels present inside the cells is an alterna-
tive for the prevention and treatment of cardiovascu-
lar diseases15.

Studies show that in people without pre-existing 
cardiovascular diseases, the use of statins in patients 
with high lipid levels leads to a reduction in cholesterol 
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hypertension. Thus, it is important to raise the popu-
lation’s awareness of the need to have a healthy diet, 
since food can determine the emergence of new dis-
eases and comorbidities that, associated or not with 
other pre-existing factors, can lead to a decrease in 
health and quality of life.

Work conducted in the city of São Paulo, both au-
thors (Rubens Moura Campos Zeron and Victor 
Campos de Albuquerque) participated in the refer-
ence search, drafting, and revision of the paper.

levels with a consequently reduced occurrence of car-
diovascular diseases16. In Brasil, there has been an 
increase in the consumption of processed and indus-
trialized foods in recent years, with a reduction in the 
consumption of healthy foods such as vegetables and 
legumes17,18. This contributes to the elevation of the 
levels of saturated fat, trans fat, and sugar consumed, 
leading to an increase in cholesterol levels19,20, which 
is associated with diets with high sodium content, 
which in turn accentuates the increase in BP, thus 
contributing to the increase of chances of developing 
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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 producers 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.

Lung cancer is the worldwide leading cause of can-
cer-related deaths in both genders. Pembrolizumab 
is a IgG4 monoclonal antibody, which is highly selec-
tive, humanized, and binds to the programmed cell 
death protein 1 (PD-1) receptor and blocks its interac-
tion with the PD-L1and PD-L2 ligands. We conducted 
a systematic review of the literature, without time 
restrictions, in the Medline database, using the fol-
lowing PICO: Adult patients with advanced NSCLC; 
Treatment with pembrolizumab alone or associated 
with chemotherapy, compared with chemotherapy, 
except for monochemotherapy with docetaxel and 
death outcomes (due to any cause) and adverse events. 
We selected 244 papers to answer the clinical ques-
tion. The details of the methodology and the results 
of this guideline are set out in Annex 1.

INTRODUCTION

Lung cancer is the worldwide leading cause of 
cancer-related deaths in both genders, and smoking 

is its main etiological factor. The discovery of immu-
nological checkpoints corroborates the hypothesis 
that ligands present in the tumor modulate the car-
cinogenesis mechanisms and immune activity of the 
tumor microenvironment. Among the most studied 
coregulatory molecules, the PD-1 (programmed cell 
death 1) and its ligand PD-L1 (programmed cell death 
ligand 1) stand out. 

The PD-1 is a immunologic checkpoint that lim-
its the activity of T cells (lymphocytes) in peripheral 
tissues. The PD-1 pathway is a immunological con-
trol checkpoint that can be coupled by tumor cells to 
inhibit immune surveillance of the active T cell.

Pembrolizumab is a IgG4 monoclonal antibody 
that is highly selective, humanized, and binds to 
the programmed cell death protein 1 (PD-1) receptor 
and blocks its interaction with the PD-L1 and PD-L2 
ligands, which are expressed in antigen-presenting 
cells and may be expressed by tumors or other cells 
in the tumor microenvironment, assisting them in 
preventing of their detection and elimination by the 

https://orcid.org/0000-0003-3718-1442
https://orcid.org/0000-0002-8597-5207
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immune system of the host.
Non-small cell lung neoplasms, without mutations 

in the epidermal growth factor receptor (EGFR) gene 
or rearrangement of the anaplastic lymphoma kinase 
(ALK) gene, with gene expression for PD-L1, are the 
target of pembrolizumab.

RESULTS
Our study population included a total of 2,877 

patients with NSCLC, submitted to pembrolizumab 
therapy (N=791) and compared to chemotherapy 
(N=788), or pembrolizumab plus chemotherapy 
(N=748) compared with chemotherapy (N=550), and 
followed-up to measure the death and adverse events 
outcomes for 12 months (Table 1 - Annex I).

Regarding the bias risk of the five studies included, 
three of them were not double-blind1-3, so the overall 
risk of the studies can be considered low (Table 2 - 
Annex I).

META-ANALYSIS

Two RCTs1.2 present sufficient data to allow for a 
meta-analysis, considering results (number of deaths) 
up to 12 months, comparing pembrolizumab with che-
motherapy in advanced NSCLC (Table 3).

TABLE 3. MORTALITY RATE IN 12 MONTHS - 
PEMBROLIZUMAB VS. CHEMOTHERAPY.

Study Pembro
Patients/
Events

Carboplatin + 
pemetrexed or 
paclitaxel
Patients/Events

* Platinum-based 
chemotherapy
Patients/Events

Mok TSK, et 
al. 2019
Keynote-042

637/272 637/321

Reck M, et 
al. 2016
Keynote-024

154/115
151/117

The incidence of death was 48.92% (387 in 791 
patients) in the Pembrolizumab group and 55.58% 
in the Chemotherapy group (438 in 788 patients).  
Pembrolizumab reduced the risk of death by 7% at 12 
months [ARR 7%; 95% CI -12% to -2%; p=0.006; I2=0%, 
NNT=15 (95% CI 9 to 56)], Figure 2.    

For this comparison, we also evaluated the adverse 
events due to any cause, degree ≥3, in the population 
treated (Table 4).

TABLE 4. ADVERSE EVENTS (GRADE ≥3) - 
PEMBROLIZUMAB VS. CHEMOTHERAPY.

Study Pembro
Patients/
Events

Carboplatin + 
pemetrexed or 
paclitaxel
Patients/Events

* Platinum-based 
chemotherapy
Patients/Events

Mok TSK, et al. 
2019
Keynote-042

636/113 615/252

Reck M, et al. 
2016
Keynote-024

154/41
150/80

The incidence of adverse events ≥3 was 19.5% (154 
in 790 patients) in the Pembrolizumab group and 43.4% 
in the Chemotherapy group (332 in 765 patients). 
Pembrolizumab reduced the risk of adverse events 
by 24% at 12 months [ARR = 24%; 95% CI -28% to -19%; 
p< 0.00001; I2=0%, NNT=4 (95% CI 9 to 5)], Figure 2.    

Three primary assays3-5 comparing pembroli-
zumab plus chemotherapy versus chemotherapy allow 
to combine the results and assess the risk of death in 
12 months, as the outcome (Table 5). 

In all three studies, patients were randomized (1: 1) 
in blocks of four, stratified by tumor proportion score 
of PD-L1 (<1% vs. ≥1%). 

In the meta-analysis of the results of these 
three studies, there is a significant difference in the 

FIGURE 2. COMPARISON FOREST PLOT: PEMBROLIZUMAB VERSUS CHEMOTHERAPY, OUTCOME: MORTALITY AT 12 
MONTHS.
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FIGURE 3. COMPARISON FOREST PLOT: PEMBROLIZUMAB VERSUS CHEMOTHERAPY, OUTCOME: ADVERSE EVENTS 
WITH A DEGREE GREATER THAN OR EQUAL TO 3.

TABLE 5. MORTALITY - PEMBROLIZUMAB + CHEMOTHERAPY VERSUS CHEMOTHERAPY.

Study Pembro + carbo-
platin + paclitaxel 
or nab-paclitaxel
patients/
events

Pembro + cispla-
tin or carboplatin 
+ pemetrexed
patients/
events

Pembro + 
carboplatin + 
pemetrexed
patients/
events

Carboplatin + 
paclitaxel or 
nab-paclitaxel
patients/
events

Cisplatin or 
carboplatin + 
pemetrexed
patients/
events

Carboplatin + 
pemetrexede
patients/
events

Paz-Ares L, 2018
Keynote-407

278/216 281/236

Gandhi L, 2018
Keynote-189

410/247 206/147

Langer CJ, 2016
Keynote-021

60/27 63 / 32

TABLE 6. ADVERSE EVENTS (GRADE ≥3) - PEMBROLIZUMAB + CHEMOTHERAPY

Study Pembro + carbo-
platin + paclitaxel 
or nab-paclitaxel
patients/
events

Pembro + cisplatin 
or carboplatin + 
pemetrexed
patients/
events

Pembro + 
carboplatin + 
pemetrexed
patients/events

Carboplatin + 
paclitaxel or 
nab-paclitaxel
patients/
events

Cisplatin or 
carboplatin + 
pemetrexed
patients/
events

Carboplatin + 
pemetrexede

patients/
events

Paz-Ares L, et al. 2018
Keynote-407

278/194 280/191

Gandhi L, et al. 2018
Keynote-189

405/272 202/133

Langer CJ, et al. 2016
Keynote-021

59/23 62/16

reduction of death, in a 12-month follow-up, of 8% (95% 
CI -13% to -4%); favorable to the treatment with pem-
brolizumab plus chemotherapy; [I2=0%; NNT=12 (95% 
CI 7 to 25)] - (Figure 4).

FIGURE 4. COMPARISON FOREST PLOT: PEMBROLIZUMAB + CHEMOTHERAPY VERSUS CHEMOTHERAPY, 
OUTCOME: MORTALITY AT 12 MONTHS.

CHEMOTHERAPY

CHEMOTHERAPY

CHEMOTHERAPYCHEMO

CHEMO CHEMO

These three RCTs analyzed adverse events of any 
cause, degree ≥3 in the population treated, for com-
parison between pembrolizumab plus chemotherapy 
versus chemotherapy (Table 6).
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FIGURE 5. FOREST PLOT COMPARISON: PEMBROLIZUMAB + CHEMOTHERAPY VERSUS CHEMOTHERAPY. RESULTS: 
ADVERSE EVENTS WITH A DEGREE GREATER THAN OR EQUAL TO 3.

CHEMOTHERAPYCHEMO

CHEMO CHEMO

VS CHEMOTHERAPY

In the meta-analysis of three combined studies, 
there was no significative difference in adverse events 
with a degree ≥3, in a 12-month follow-up, between 
both groups (ARR =3%, 95% CI −0.03 to 0.08; NNT=NS; 
I2=0%)     (Figure 5).

SUMMARY OF THE META-ANALYSIS RESULTS
PEMBROLIZUMAB VERSUS CHEMOTHERAPY  

Result or 
Subgroup

Stud-
ies

Partic-
ipants

Statistical 
Method

Estimated 
effect

Mortality in 12 
months

24.5 1,579 Difference 
in risk (M-H, 
Fixed, 95% 
CI)

-0.07 [-0.12, 
-0.02]

NNT 15, 95% 
CI 9 to 56

Adverse events 
with  degree 
greater than or 
equal to 3

24.5 1,555 Difference 
in risk (M-H, 
Fixed, 95% 
CI)

-0.24 [-0.28, 
-0.1]

TABLE 7. ANALYSIS OF THE QUALITY OF EVIDENCE (GRADE PRO SOFTWARE)6

Evaluation of certainty № of patients Effect Certain-
ty

Impor-
tance№ of 

studies
Design 
of the 
study

Risk of 
bias

Incon-
sistency

Indirect 
evi-
dence

Impre-
cision

Other 
consid-
erations

Pem-
broli-
zumab

Chemo-
therapy

Relative 
(95% 
CI) 

Absolute 
(95% CI) 

Mortality in 12 months (follow-up: variation of 30 days to 12 months; assessed with: number of deaths in the intervention and control)

2 ran-
domized 
clinical 
trials 

not 
severe 

not 
severe 

not 
severe 

not 
severe 

None 387/791 
(48.9%) 

438/788 
(55.6%) 

RR 0.88 
(0.80 to 
0.96) 

minus 7 
per 100 
(from 
minus 11 
to minus 
2) 

  
 

HIGH 

IM-
PORT-
ANT 

CI: Confidence interval; RR: Relative Risk 

PEMBROLIZUMAB + CHEMOTHERAPY VERSUS 
CHEMOTHERAPY 

Result or 
Subgroup

Stud-
ies

Partic-
ipants

Statistical 
Method

Estimated 
effect

Mortality in 12 
months

36-8   1,298 Difference 
in risk (M-H, 
Fixed, 95% CI)

-0.08 [-0.13, 
-0.04]

NNT 12, 
95% CI 7 
to 25

Adverse events 
with a degree 
greater than or 
equal to 3

36-8   1,286 Difference 
in risk (M-H, 
Fixed, 95% CI)

0.03 [-0.03, 
0.08]

QUALITY OF EVIDENCE FOR THE DEATH 
OUTCOME
Pembrolizumab versus Chemotherapy 

Question: Mortality with the use of pembrolizumab 
compared to chemotherapy for locally advanced or 
metastatic NSCLC. 

Pembrolizumab + Chemotherapy versus Chemotherapy 
Question:  Pembrolizumab + Chemotherapy compared to chemotherapy for locally advanced or meta-

static NSCLC.
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TABLE 8.  ANALYSIS OF THE QUALITY OF EVIDENCE (GRADE PRO SOFTWARE)6

Evaluation of certainty № of patients Effect Cer-
tainty

Impor-
tance№ of 

studies
Design 
of the 
study

Risk 
of 
bias

In-
con-
sis-
tence

Indirect 
evi-
dence

Im-
preci-
sion

Other 
con-
sider-
ations

Pem-
broli-
zumab+ 
Chemo-
therapy

Chemo-
therapy

Rela-
tive 
(95% 
CI) 

Absolute 
(95% CI)

Mortality in 12 months (follow-up: variation of 30 days to 12 months; assessed with: number of deaths in the intervention and control)
3 ran-

dom-
ized 
clinical 
trials 

not 
severe 

not 
severe 

not 
severe 

not 
severe 

None 490/748 
(65.5%) 

415/550 
(75.5%) 

RR 0.89 
(0.83 to 
0.95) 

minus 
8 per 
100 
(from 
minus 
13 to 
minus 
4) 

    
HIGH 

IMPORT-
ANT 

CI: Confidence interval; RR: Relative Risk.

SYNTHESIS OF EVIDENCE

In adult patients with squamous or non-squamous 
NSCLC, locally advanced or metastatic, without previ-
ous systemic therapy, without mutations in the EGFR 
gene and gene rearrangement of the ALK, with a score 
of 0 or 1 in the Ecog performance scale, with at least 
one measurable lesion evaluated by Recist version 1.1, 
the treatment with pembrolizumab, associated or not 
to chemotherapy, compared with standard chemo-
therapy reduces the risk of death in 12 months by 7% 
and 8%, respectively. The quality of the evidence that 
supports this result is high.

For these patients, pembrolizumab reduced 
adverse events of degree ≥3 by 24% in comparison 
with chemotherapy, and when associated with it, it 
showed no difference in adverse events of degree ≥3 
in comparison with chemotherapy alone, in up to 12 
months. The quality of the evidence that supports this 
result is high.

RECOMMENDATION

The treatment with Pembrolizumab, associated or 
not with chemotherapy, in adult patients with squa-
mous or non-squamous NSCLC, locally advanced or 
metastatic, without previous systemic therapy, with-
out mutations in the EGFR gene and gene rearrange-
ment of the ALK, with a score of 0 or 1 in the Ecog 
performance scale, with at least one measurable lesion 
evaluated by Recist version 1.1, and PD-L1 expression 
[Tumor Proportion Score (TPS)] ≥1% (positive PDL-1). 
High quality of evidence.

DISCUSSION

Among human neoplasms for which the investi-
gation of PD-L1 immunohistochemical expression 
is validated by clinical studies, with an undeniable 
predictive value of the response to anti-PD-1 thera-
pies available, the non-small cell lung carcinomas 
stand out. The PD-L1 expression on the tumor-cell 
membrane is indicated as an aid in the identifica-
tion of patients for treatment with pembrolizumab. 
The result of the PD-L1 expression is determined 
by the percentage of tumor cells with membrane 
immunostaining (full or basolateral) of any intensity 
and/or by the percentage of immune cells associ-
ated with the tumor with immunostaining of any 
intensity, according to the type of neoplasia under 
analysis. Patients with a tumor proportion score 
(TPS) <1% of the PD-L1 biomarker in the tumor tis-
sue are considered PD-L1 negative and with TPS 
≥1% positive.

In the comparison pembrolizumab versus chemo-
therapy, we included two studies1.7 that included only 
patients with TPS ≥1% (PDL-1 positive). However, in 
the comparison of pembrolizumab plus chemother-
apy versus chemotherapy alone, the three studies 
assessed3-5 included patients with TPS <1% (PDL-1 
negative) and TPS ≥1% (1−49% and ≥50%), uniformly 
distributed between the groups, with an analysis of 
these subgroups. 

It should be emphasized, however, that the greater 
the number of subgroups analyzed in one sample, the 
higher the probability of false-positive results; it is 
also added to that limitation the frequent tendency of 
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reporting, after various analyses, only the significant 
results, which can potentially distort the interpreta-
tion of the results. In the event of a positive result, 
is there effectively a significant difference in the 
treatment effect, or it is mere occurrence at random 
(considering the absence of a prior determination of 
sampling and subsequent statistical power for such 
difference)3?

Considering that: there is a lack of RCTs with a 
prior determination of sampling comparing posi-
tive and negative PDL-1 patients,  and the mecha-
nism of action of pembrolizumab in patients with 
NSCLC. 

ANNEX I

The purpose of this assessment is to identify the 
benefits of immunotherapy with pembrolizumab, 
associated or not with chemotherapy, in the treat-
ment of patients with locally advanced or metastatic 
NSCLC, without mutations of the EGFR gene or gene 
rearrangement of the ALK, with PD-L1 gene expres-
sion, in comparison to chemotherapy alone (current 
standard treatment).

Clinical question
What is the impact of pembrolizumab, associated 

or not to chemotherapy, on the outcomes of overall 
mortality (death from any cause) and adverse events 
in the treatment of patients with advanced NSCLC 
when compared to chemotherapy alone?

Structured question
Patient – Adult patients with advanced NSCLC;
Intervention – Treatment with Pembrolizumab 

alone or combined with chemotherapy;
Comparison – Chemotherapy, except monochem-

otherapy with docetaxel;
Outcomes – Death (due to any cause) and 

adverse events.

Eligibility criteria
Excluded the outcomes − quality of life, objective 

response, survival free of progression − analyses of 
tumor proportion score (TPS) of the PD-L1 biomarker 
on the tumor tissue were not evaluated.

Randomized clinical trial.
Without time or language restrictions.
Full text available for access.

Search strategies used

The search for evidence will be conducted on Med-
line virtual scientific information database, using the 
following search strategy:

(((((Pulmonary Neoplasms OR Lung Neoplasm OR 
Pulmonary Neoplasm OR Lung Neoplasms OR Lung 
Cancers OR Lung Cancer OR Lung Neoplasm OR Lung 
Neoplasms OR PD-L1))) AND ((pembrolizumab) AND 
Random*))) OR ((((Pulmonary Neoplasms OR Lung 
Neoplasm OR Pulmonary Neoplasm OR Lung Neo-
plasms OR Lung Cancers OR Lung Cancer OR Lung 
Neoplasm OR Lung Neoplasms))) AND ((pembroli-
zumab OR PD-L1) AND Random*)).

In the Central/Cochrane databases, the search 
strategy will be: (Lung Neoplasm OR Pulmonary Neo-
plasm OR Lung Cancer) AND pembrolizumab.

Extraction of results
We will extract the following data from the stud-

ies: name of the author and year of publication, study 
population, intervention and comparison methods, 
the absolute number of deaths and adverse events, 
time of follow-up. 

Randomized clinical trials will have their risk of 
biases analyzed according to the following criteria: 
randomization, blinded allocation, double-blinding, 
losses, prognostic characteristics, presence of relevant 
outcome, time for the outcome, method for outcome 
measurement, sample size calculation, early interrup-
tion, presence of other biases.

The results will be presented as the difference in 
the risk of death or adverse events between pembroli-
zumab therapy alone or in combination with chemo-
therapy, and the treatment with chemotherapy alone. 
The confidence level adopted was 95%. 

The results of the studies included will be com-
bined and meta-analyzed by RevMan 5.38, and the dif-
ference in overall risk will be the final measure used 
to support the synthesis of evidence that will answer 
the clinical question of this review.

Furthermore, the quality of evidence will be graded 
as high, moderate, low, or very low using the Grade 
instrument6 and taking into account the risk of bias, 
the presence of inconsistency, vagueness or indirect 
evidence in the meta-analysis of the outcomes of death 
and adverse events, and the presence of publication 
bias. Table 5. Quality of evidence (GRADE).

Explanation: a. 50% with randomization inadequate 
or not described; only one with blinded allocation, 
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three studies without blinding; only with sample size 
calculation;  b. The overall result does not exclude the 
benefit or harm;  c. Test for inconsistency I2 equal 
to 70%; small overlap of confidence intervals; d. The 
result does not exclude great harm or benefit; e. 2 
studies with Jadad = 1 and 2 studies with Jadad >= 3; 
f. The result does not exclude great harm or benefit 

Critical evaluation and level of evidence
All evidence retrieved was evaluated according to 

their risk of bias (level of error estimated and inherent 
in the delineation of research or study design used). 

For the evaluation of the risk of bias of the RCTs, 
the following items were considered: if the issue was 
focal, appropriate randomization, blinded allocation, 
double-blind, losses (>20%), prognostic characteristics, 
outcomes (time, adequacy, measurement), analysis 
by intention to treat (ITT), sample size calculation, 
Jadad scale7. 

Reflecting the level of uncertainty of the results 
(effects of benefit or harm), the strength of the evi-
dence can be very low, low, moderate, or strong, 
depending on:

1. The risks of bias of each individual and meta-an-
alyzed study.

2. The magnitude and accuracy of the results for 

TABLE 5. QUALITY OF EVIDENCE (GRADE).

Evaluation of certainty № of patients Effect Certainty Impor-
tance№ of 

stud-
ies

Design 
of the 
study

Risk of 
bias

Incon-
sisten-
cy

Indi-
rect 
evi-
dence

Impre-
cision

Other 
consid-
erations

Levosi-
mendan

Dobu-
tamine

Relative 
(95% 
CI)

Absolute 
(95% CI)

Mortality at 24 hours (assessed with: Number of deaths in 24 hours)
4 ran-

domized 
clinical 
trials 

severe a not 
severe 

not 
severe 

not 
severe b

none 1/208 
(0.5%) 

4/204 
(2.0%) 

RR 3.05 
(0.49 to 
18.90) 

40 more 
per 1,000 
(from 
minus 10 to 
351 more) 

     
MODER-
ATE 

IM-
PORT-
ANT 

Mortality at 30 days (assessed with: Number of deaths up to 30 days)
3 ran-

domized 
clinical 
trials 

not 
severe 

severe c not 
severe 

severe d none 93/836 
(11.1%) 

125/831 
(15.0%) 

RR 1.74 
(0.94 to 
3.19) 

111 more 
per 1,000 
(from 
minus 9 to 
329 more) 

    
LOW 

IM-
PORT-
ANT 

Mortality between 120 and 180 days (follow-up: variation 120 days to 180 days; assessed with: Number of deaths in this period)
4 ran-

domized 
clinical 
trials 

severe e not 
severe 

not 
severe 

severe f none 206/811 
(25.4%) 

236/807 
(29.2%) 

RR 1.15 
(0.98 to 
1.35) 

44 more per 
1,000 
(from 
minus 6 to 
102 more) 

    
LOW 

IM-
PORT-
ANT 

CI: Confidence interval; RR: Relative Risk  

each outcome analyzed.
3. The relevance, applicability, and generalization 

of these results. 

Presentation of the results
In the search for evidence, we retrieved 244 papers, 

selecting by title and abstract nine studies of immu-
notherapy with pembrolizumab, associated or not 
to chemotherapy, in the treatment of patients with 
NSCLC, compared with chemotherapy alone, of which 
six studies were accessed since they met the eligibility 
criteria for analysis of the full text. Of the six studies, 
five were selected to support this assessment1-5; the 
grounds for exclusion and the list of studies excluded 
are available in the references, Figure 6 and Table 9 
in the Annexes. 

NSCLC = Non-small-cell lung carcinoma; CNS = 
Central nervous system; AUC = Area under the con-
centration-time curve; OS = overall survival; SFP = Sur-
vival free of progression; PD-L1 = Programmed death 
ligand 1; TPS = Tumor proportion score of biomarker 
PD-L1 in tumor tissue; EGFR = Epidermal growth fac-
tor receptor; ALK = Anaplastic Lymphoma Kinase; 
Ecog = Eastern Cooperative Oncology Group; Recist 
= Response Evaluation Criteria in solid tumors.
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TABLE 2. DESCRIPTION OF THE BIASES IN THE STUDIES INCLUDED

Study and year Random Blinded 
allocation

Dou-
ble-blind

Losses Charac-
teristics
Prognosis

Out-
comes

Analysis
per ITT

Sample 
size cal-
culation

Jadad7

Mok TSK 2019 4

Reck M 2016 4

Gandhi L 2018 5

Paz-Ares L 2018 5

Langer CJ 2016 4

ITT = intention-to-treat analysis   Low risk of bias the    Presence of bias    Unclear risk of bias

TABLE 1. DESCRIPTION OF THE STUDIES INCLUDED 
STUDY Population Intervention Comparison Out-

comes
Time 
(median, 
months)

Mok TSK, et 
al. 2019
Keynote-042

 ≥18 years) with locally advanced or 
metastatic NSCLC, not previously treated, 
without EGFR mutation or ALK transloca-
tion, and with a score of 0 or 1 in the Ecog 
performance scale, life expectancy of three 
months or more, and a PD-L1 TPS of 1% or 
greater.
Excluded if: unstable or untreated CNS 
metastases, a history of noninfectious 
pneumonitis requiring systemic glucocorti-
coids, active autoimmune disease, systemic 
immunosuppressive treatment, or active 
infection by the virus of hepatitis B or C.

Pembrolizumab 200 
mg every three weeks, 
in up to 35 cycles

Carboplatin to achieve an AUC 
of 5-6 mg/mL per minute 
plus paclitaxel 200 mg/m² or 
pemetrexed 500 mg/m²

OS

SFP

Adverse 
events

12.8 

Reck M, et al.  
2016
Keynote-024

≥18 years, NSCLC histologically or cytolog-
ically confirmed in stage IV, without EGFR 
mutations or ALKtranslocation, without pri-
or systemic therapy for metastatic disease, 
with a 0 or 1 score in the  ECOG perfor-
mance status, at least one measurable lesion 
according to Recist version 1.1, life expectan-
cy of at least three months, and a 50% or 
more score of PD-L1 tumor proportion.
Excluded if: receiving systemic gluco-
corticoids (excluding daily replacement 
therapy with glucocorticoids for conditions 
such as pituitary or adrenal insufficiency) 
or other immunosuppressive treatment, 
with untreated brain metastases, active 
autoimmune disease for which they 
received systemic treatment over the past 
two years, active interstitial lung disease or 
pneumonitis history for which they received 
glucocorticoids.

Pembrolizumab in a 
fixed dose of 200 mg 
every three weeks.

Platinum-based chemo-
therapy to the choice of the 
researcher during 4 to 6 cycles: 
carboplatin plus pemetrexed, 
cisplatin plus pemetrexed, 
carboplatin plus gemcitabine, 
cisplatin plus gemcitabine, 
cisplatin plus gemcitabine or 
carboplatin plus paclitaxel.
The chemotherapy regimens 
that included pemetrexed 
were allowed only for patients 
who had non-squamous 
tumors.
Crossover allowed.

OS

SFP

Adverse 
events

 25.2

Gandhi L et al. 
2018
Keynote-189

≥18 years, metastatic NSCLC, non-squa-
mous, without mutations in the EGFR 
gene and ALK rearrangement, without prior 
therapy for the disease. 
Other conditions: an ECOG performance 
status of 0 or 1; at least one measurable 
lesion according to Recist version 1.1, and 
provide a sample of the tumor for determin-
ing the PD-L1state.
Excluded if: symptomatic CNS metastases, 
history of non-infectious pneumonitis re-
quiring the use of glucocorticoids, autoim-
mune disease with systemic therapy in the 
past two years, medical condition requiring 
immunosuppression, received more than 30 
Gy of radiotherapy to the chest over the past 
six months.

Pemetrexed (500 
mg/m2 IV) and a 
platinum-based drug 
at the choice of the 
investigator (cisplatin 
75 mg/m2 of body 
surface or carboplatin 
AUC 5mg/mL/min 
intravenously) plus 
200 mg of pembroli-
zumab every three 
weeks, for four cycles, 
followed by pembroli-
zumab until a total of 
35 cycles, plus mainte-
nance therapy with 
pemetrexed. 

Pemetrexed (500 mg/m2 IV) 
and a platinum-based drug at 
the choice of the investigator 
(cisplatin 75 mg/m2 of body 
surface or carboplatin AUC 
5mg/mL/min intravenous) 
plus a placebo every three 
weeks, for four cycles, fol-
lowed by a placebo until a total 
of 35 cycles, plus maintenance 
therapy with pemetrexed.

OS 

SFP.

Adverse 
events

10.5 
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STUDY Population Intervention Comparison Out-
comes

Time 
(median, 
months)

Paz-Ares L et 
al. 2018
Keynote-407

≥18 years; squamous NSCLC stage IV, with-
out prior systemic therapy for metastatic 
disease, ECOG performance status score of 
0 or 1, with at least one measurable lesion 
according to Recist version 1.1, provided a 
tumor sample for determining the PD-L1 
state.

Excluded if: symptomatic metastases of the 
CNS, history of non-infectious pneumonitis 
that required the use of glucocorticoids; 
autoimmune disease that required systemic 
therapy in the past two years; medical con-
dition requiring immunosuppression.

Pembrolizumab 200 
mg for up to 35 cycles 
+ carboplatin and 
paclitaxel or nanopar-
ticle albumin-bound 
[NAB] - paclitaxel for 
the first four cycles.

Saline (placebo) for up to 35 
cycles + carboplatin and pacl-
itaxel or nanopartícula albu-
min-bound [NAB] - paclitaxel 
during the first four cycles.

SFP

OS

Adverse 
events

7.8 

Langer CJ et 
al. 2016
Keynote-021

No previous systemic treatment for 
non-squamous NSCLC, cytologically or his-
tologically confirmed, Stage IIIB or IV, and 
absence of EGFR target mutations or ALK 
translocations; ECOG performance status of 
0 or 1, at least one measurable lesion eval-
uated by Recist version 1.1, life expectancy 
of three months or more, and supply of a 
sample of the tumor for evaluation of the 
PD-L1expression.

Excluded if: received more than 30 Gy 
of radiation to the lungs in the previous 
six months; continuous use of systemic 
corticosteroids or other immunosuppressive 
treatment, active autoimmune disease that 
required systemic treatment in the past 
two years (excluding replacement therapy), 
untreated brain metastases (allowed treated, 
stable metastasis), or active interstitial lung 
disease, history of pneumonitis requiring 
intravenous glucocorticoids.

Pembrolizumab 200 
mg + carboplatin 
AUC 5 mg/mL/min 
and pemetrexed 
intravenous 500 mg/
m² every three weeks 
followed by pembroli-
zumab for 24 months 
and maintenance 
therapy with unde-
fined pemetrexed.

Four cycles of carboplatin 
and pemetrexed, followed by 
maintenance therapy with 
undefined pemetrexed.

Ob-
jective 
Response

SFP
OS
Adverse 
events

23.9 

FIGURE 6. FLOWCHART
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TABLE 9. STUDIES EXCLUDED AND REASON FOR 
EXCLUSION

Study Reason for exclusion
Barlesi F, et al. 2019 Docetaxel intervention and 

quality of life outcome
Reck M, et al. 2019 Follow-up time of 2 years
Brahmer JR, et al. 2017 Outcome of quality of life
Herbst RS, et al. 2016 Docetaxel intervention

Application of evidence - Recommendation 

The available evidence will follow some principles 
of exposure– it will be by outcome and will have as 
components: number of patients, type of compari-
son, magnitude, and precision (standard deviation 
and 95% CI).

Its strength will be estimated (Oxford16/Grade8) as 

1b and 1c (grade A) or strong, and as 2a, 2b and 2c 
(grade B) or moderate weak, or very weak.
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information contained in this project must be submit-
ted to the evaluation and criticism of the physician 
responsible for the conduct to be followed, given the 
reality and clinical condition of each patient.
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Question: What are the results (overall survival time) 
according to the tumor resection extent?

Answer: The mean combined overall survival time 
(COS) was 13.13 months in patients in whom total 
resection was possible, 7.52 months in those who 

underwent partial resection, and 2.56 months in pa-
tients who underwent biopsy alone.1
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INTRODUCTION

Autoimmune polyglandular syndromes are 
a rare group of polyendocrine conditions that 
included multiple glandular deficiencies associ-
ated with other autoimmune diseases1, such as 
hypergonadotropic hypogonadism, vitiligo, chronic 
atrophic gastritis, pernicious anemia, chronic 
autoimmune hepatitis, and celiac disease. Auto-
immune polyendocrine syndrome type 2 (APS II) is 

defined by the presence of Addison’s disease (AD) 
associated with autoimmune thyroid disease and/
or diabetes mellitus (DM) type 1². It is a rare condi-
tion, affecting approximately 1.4-2 cases/100,000 
inhabitants3. Its least frequent clinical presenta-
tion is the combination of Graves’ disease and dia-
betes mellitus type 1. We present a case of APS II 
with the complete triad. 

SUMMARY

Autoimmune polyglandular syndrome type 2 (APS 2) is defined by the presence of Addison’s disease (AD) associated with autoim-
mune thyroid disease and/or Type 1 diabetes mellitus (T1DM). It is a rare disease, affecting about 1.4-2 cases/100,000 inhabitants. Its 
less frequent clinical presentation is the combination of AD, Graves‘ disease, and T1DM. We present the case of a 42-year-old woman 
with a history of total thyroidectomy due to Graves’ disease, type 2 diabetes mellitus, and hypertension, who sought the ED due to 
asthenia, dizziness, nausea, and vomiting. She reported having stopped antihypertensive therapy due to hypotension and presented a 
glycemic record with frequent hypoglycemia. On physical examination, she had cutaneous hyperpigmentation. She had no leukocyto-
sis, anemia, hypoglycemia, hyponatremia or hyperkalemia, and a negative PCR. Serum cortisol <0.5 ug/dl (4,3-22,4), urine free cortisol 
9 ug/24h (28-214), ACTH 1384 pg/mL (4,7-48,8), aldosterone and renin in erect position of 0 pg/ml (41-323) and 430.7 uUI/ml (4.4-46.1) 
respectively. Quantiferon TB was negative; computerized axial tomography of the adrenals showed no infiltrations, hemorrhage, or 
masses. The 21-hydroxylase antibody assay was positive.  B12 vitamin was normal, anti-GAD antibodies were positive, anti-insulin, 
anti-IA2, and anti-transglutaminase antibodies were all negative. The patient started insulin therapy and treatment for AD with pred-
nisolone and fludrocortisone with good clinical response. This case aims to alert to the need for high clinical suspicion in the diagnosis 
of AD. Since this is a rare autoimmune disease, it is important to screen for other autoimmune diseases in order to exclude APS.

KEYWORDS: Polyendocrinopathies, Autoimmune. Addison’s Disease. Diabetes Mellitus, Type 1. Thyroid Diseases
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or hyperkalemia, and CRP was negative. Morning 
serum cortisol <0.5 ug/dl (4.3-22.4), free cortisol in 
urine 9 ug/24h (28-214), ACTH 1384 pg/mL (4.7-48.8), 
aldosterone and renin in an upright position of 0 pg/
mL (41-323) and 430.7 IU/mL (4.4-46.1), respectively 
(Table 1). An additional study was conducted to inves-
tigate the cause of primary suprarenal insufficiency. 
Negative Quantiferon TB, suprarenal computed axial 
tomography without infiltrations, hemorrhage, or 
masses. Results for 21-hydroxylase antibodies were 
positive. After the autoimmune cause was confirmed 
and with a previous history of autoimmune thyroid 
disease, the investigation continued with normal vita-
min B 12, positive anti-GAD, and negative anti-insu-
lin, anti-IA2, anti-transglutaminase. In this context, 

CLINICAL CASE

We present a 42-year-old woman, who was emi-
grated from France between age 19 and 36, with a 
history of total thyroidectomy due to Graves’ disease 
11 years ago, DM type 2 with four years of evolution 
and hypertension, who sought the DE due to a con-
tinued condition, with three months of evolution, 
asthenia, weight loss (12 kg in three months), diz-
ziness, abdominal pain predominantly in the right 
quadrants, nausea, and vomiting. She reported 
having suspended anti-hypertension therapy due 
to hypotension and presented a glycemic record 
with frequent hypoglycemia. Other medical history 
included dyslipidemia, asthma, and repeated urinary 
tract infections (ITUs). She was medicated with 100 
mg sitagliptin, 5 mg folic acid, 0.1 mg levothyrox-
ine, 10 mg atorvastatin, 320 µg budesonide+formo-
terol + 9 µg SOS. She had complementary diagnostic 
exams from a DE context, from 1.5 months before, 
due to a similar clinical scenario: analytical assay 
with slight microcytic anemia, negative CRP (Table 
1), abdominal/pelvic/kidney/bladder ultrasound and 
combur without abnormalities. She was discharged 
with an indication for symptomatic treatment and 
an iron kinetics analysis, video colonoscopy, and 
outpatient EGD. The iron kinetics and video colo-
noscopy showed no abnormalities. The EGD was still 
pending completion. Upon physical examination at 
DE, TA was 104/77 mmHg, without orthostatic hypo-
tension, FC: 83/min, no fever, discolored mucosa, 
with skin hyperpigmentation (Figures 1A and 1B); 
the rest of the exam showed no other abnormali-
ties. After suspected suprarenal insufficiency, the 
examination proceeded. Analytically, there was no 
leukocytosis, anemia, hypoglycemia, hyponatremia, 

FIGURES 1A AND 1B. SKIN HYPERPIGMENTATION.

TABLE 1. ANALYTICAL STUDY.

Test Results 1.5 
months 
before

Results in 
hospitaliza-
tion

Reference 
values

Leukocytes 4.8x10^9/L 5.0x10^9/L 4.5 – 11.50
Hemoglobin 11.4 g/dL 13.4 g/dL 12 – 15
Glucose 171 mg/dL 154 mg/dL 74 - 106
Sodium 134 mEq/L 136 mEq/L 136 - 145
Potassium 4.3 mEq/L 4.7 mEq/L 3.4 – 4.4
CRP 0.09 mg/dL 1 mg/dL <0.50
AST 56 UI/L 3 – 31
ALT 61 UI/L 3 – 31
Urea 26 mg/dL 47 mg/dL 16 – 42
Creatinine clearance 0.5 mg/dL 0.7 mg/dL 0.5 – 1.2
Urinary cortisol 9 ug/24h 28-214
Morning serum cortisol <0.5 ug/dl 4.3-22.4
ACTH 1.384 pg/mL 4.7-48.8
Renin 430.7 UI/mL 4.4-46.1
Aldosterone 0 pg/mL 41-323
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RESUMO 

A síndrome poliglandular autoimune tipo 2 (SPGA2) é definida pela presença de doença de Addison (DA) associada à doença tiroideia 
autoimune e/ou diabetes mellitus tipo 1 (DMT1). Trata-se de uma doença rara, afetando cerca de 1,4-2 casos/100.000 habitantes. A 
apresentação clínica menos frequente é a combinação de DA, doença de Graves e DMT1.

Apresenta-se mulher de 42 anos, com antecedentes de tiroidectomia total por doença de Graves, diabetes mellitus tipo 2 e hipertensão, 
que recorre ao SU por quadro arrastado de astenia, emagrecimento, tonturas, náuseas e vômitos. Referia ter suspendido terapêutica 
anti-hipertensora por hipotensão e apresentava registro glicêmico com hipoglicemias frequentes. Ao exame físico, salientava hiper-
pigmentação cutânea. Analiticamente sem leucocitose, anemia, hipoglicemia, hiponatremia ou hipercaliemia, PCR negativa. Cortisol 
sérico matinal <0,5 ug/dl (4,3-22,4), cortisol livre na urina 9 ug/24h (28-214), ACTH 1.384 pg/mL (4,7-48,8), aldosterona  e renina em 
posição ereta de 0 pg/mL (41-323) e 430,7 uUI/mL (4,4-46,1), respectivamente. Realizado estudo complementar para averiguar causa 
de insuficiência suprarrenal primária. Quantiferon TB negativo, tomografia axial computadorizada das suprarrenais sem infiltrações, 
hemorragia ou massas. Anticorpos anti-21-hidroxilase positivos. Foi aprofundada a investigação com vitamina B12 normal, anti-GAD 
positivo, anti-insulina, anti-IA2, antitransglutaminase, negativos. Nesse contexto,  a doente iniciou insulinoterapia e tratamento dirigido 
para a DA com prednisolona e fludrocortisona, com boa resposta clínica.

Este caso tem como objetivo alertar para a necessidade de elevada suspeição clínica no diagnóstico de DA. Sendo esta uma doença 
autoimune rara, é importante rastrear outras doenças autoimunes no sentido de excluir SPGA.

PALAVRAS-CHAVE: Poliendocrinopatias autoimunes. Doença de Addison. Diabetes mellitus tipo 1. Doenças da glândula tireoide.

the patient started insulin therapy and targeted treat-
ment to AD with hydrocortisone and fludrocortisone, 
with good clinical response, maintaining a follow-up 
in external consultations.

DISCUSSION

There are three types of APS, of which SPGA2 
is the most common and most frequent in women 
between the third and fourth decades of life. 

Our patient was a middle-aged woman, precisely 
at the peak of APS II incidence. The coexistence of 
Graves’ disease, DM type 1, and AD is in line with the 
APS II diagnosis.

Approximately 50% of patients with suprarenal 
insufficiency have other autoimmune diseases asso-
ciated with it, and thyroid disease is the most frequent 
of them — however, only 1% of patients with autoim-
mune thyroid disease suprarenal insufficiency4.5. 

Suprarenal insufficiency is the first manifestation in 
50% of cases. It appears simultaneously with diabetes 
mellitus or autoimmune thyroid disease in 20% of cases, 
and after these pathologies in approximately 30% 6.7. 

In this case, the first manifestation was the thy-
roid disease, with adrenal insufficiency emerging 11 
years later.

Since this was a patient with a history of recur-
rent UTIs, complaints of abdominal pain, nausea, and 
vomiting, in the first approach at the DE exams were 
conducted in order to exclude acute pathologies, such 
as UTIs, acute cholecystitis/cholangitis, renal colic, 
and adnexal pathology.

Since there was a nonspecific and continued 

clinical presentation of anorexia with weight loss, 
nausea, and vomiting associated with mild microcytic 
anemia, an outpatient examination was conducted in 
order to exclude gastrointestinal pathologies, in par-
ticular, neoplastic disease. 

The early diagnosis of AD significantly reduces 
the morbidity and mortality of the disease. However, 
since the clinical presentation can by inaccurate and 
nonspecific, in most cases, the diagnosis is delayed. 
The concept of APS consists in the fact that a patient 
with autoimmune disease has a higher probability of 
developing a new autoimmune disease than the gen-
eral population. It is described that the circulating 
autoantibodies associated with a particular type of 
disease may be present months to years prior to its 
development5. Thus, after the diagnosis of an auto-
immune disease, it is crucial to screen for other asso-
ciated pathologies. In this patient, the fact that she 
was emigrated without a medical follow-up may have 
influenced her medical guidance and the late diagnosis 
of Lada DM and AD. 

CONCLUSION 

This case report aims to alert to a rare entity (AD), 
with a not very specific clinical presentation, that 
requires a high degree of suspicion to reach an early 
diagnosis, reinforcing the idea that it is necessary to 
make the appropriate screening for other associated 
autoimmune diseases.

Contribution of the authors
All authors contributed equally to the development 

of this work.
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INTRODUCTION

Artificial intelligence (AI) is a field of computer 
science that seeks to mimic the human thought pro-
cesses, learning ability, and the storage of knowledge. 
In the 21st century, the paradigm is shifting from the 
use of traditional statistical tools to AI in cardiovascu-
lar (CV) medicine to allow for better accuracy.

Big Data
There are a series of demographic data (such 

as electronic records and standardized platforms) 
available today that alone bring no benefits, but, 
when processed by AI, these Big Data improve the 
practice of clinical care. Big Data analysis by AI can 
predict the identification of new phenotypes, such as 
of heterogeneous syndromes, support clinical deci-
sions such as the selection of anticoagulant agents 
in patients with nonvalvular atrial fibrillation, and 
assist in the identification of unknown risk factors, 

such as in acute coronary syndrome. With that, the 
availability of automated tools for real-time decision 
support using AI in standardized electronic records 
also grows1.2.

Machine Learning
Machine learning is a subdiscipline of AI and can be 

categorized into three types of learning, i.e., supervised, 
unsupervised, and by reinforcement. The learning 
curves and the area under the curve (AUC) are import-
ant considerations when choosing a machine learning 
algorithm, while C-statistic is important in the choice of 
traditional methods of data processing. As in traditional 
statistics, machine learning requires a sufficient data 
set for training (the sample size in traditional statistics), 
and there should be no lack of adjustments, i.e., under-
fitting and overfitting (and alfa should not be greater 
than 0.05 in traditional statistics).

SUMMARY

Artificial intelligence (AI) is a field of computer science that aims to mimic human thought processes. AI techniques have been applied 
in cardiovascular medicine to explore novel genotypes and phenotypes in existing diseases, improve the quality of patient care, enabling 
cost-effectiveness, and reducing readmission and mortality rates. The potential of AI in cardiovascular medicine is tremendous; however, 
ignorance of the challenges may overshadow its potential clinical impact. This paper gives a glimpse of AI’s application in cardiovascular 
clinical care and discusses its potential role in facilitating precision cardiovascular medicine.

KEYWORDS: Machine learning. Artificial Intelligence. Algorithms.
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Big Data (Genetics, Social Networks, Environment, and lifestyle-related factors, or ‘omics’ data”) can be stored in Electronic Health Records or Platforms of Precision Medicine 
and can be shared on clouds with other researchers or doctors for data analysis using secure technology systems. Big Data analysis using artificial intelligence (Machine Learning, 
Deep Learning, or Cognitive Computing) and the three main types of learning algorithms (Supervised, Unsupervised, and Reinforcement) will allow for Precision Cardiovascular 
Medicine.

FIGURE 1. ILLUSTRATION OF ARTIFICIAL INTELLIGENCE IN THE DIAGNOSIS OF CARDIOVASCULAR DISEASE
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Adapted from Krittanawong, C. et al. J Am Coll Cardiol. 2017;69(21):2657-64.

neurons and present good results for processing elec-
trocardiogram (ECG) data and can be used on deep 
knowledge4.5. The random forests decision tree and 
Naive Bayes classifier algorithms are less accurate 
than ANN and SVM but are easier to be used and 
require fewer data. Random forests present each 
independently trained forest and have been used in 
coronary computed tomography angiography6.7. The 
system of the decision tree is easy to understand, 
unlikely to find overfitting, and used to predict CV 
risk8. The naive Bayes classifier is a simple classifier 
derived from Bayes theorem and can be used in prob-
lems of text classification, in the identification of CV 
risk factors9. Fuzzy logic is similar to human reason-
ing, in which the logic returns values (for example, 
30% of probability of acute myocardial infarction)10. 
KNN runs quickly on small training data sets and can 
be used to interpret ECGs but requires more space 

Supervised Learning

Supervised learning has algorithms that use a 
data set labeled by humans to predict the desired 
and known outcome; these are successfully applied 
in the prediction, diagnosis, and treatment of CV dis-
eases, as well as in the analysis of CV images. Such 
learning is great for classification and regression. The 
algorithms that can be used include artificial neu-
ral networks (ANN), support vector machine (SVM), 
random forests, decision tree, naive Bayes classifier, 
fuzzy logic, and K-nearest neighbor (KNN). The selec-
tion variables of a particular algorithm include the 
characteristic of the data and training time. ANN 
and SVM are the most popular types because they 
are compatible with “omics” data (genomic, metab-
olomic, and proteomic). ANN and SVM feature good 
performance in the classification of text in electronic 
health records3. ANN algorithms mimic the human 
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RESUMO 

A inteligência artificial (IA) é um campo da ciência da computação que tem como objetivo imitar os processos de pensamento humano. 
Técnicas de IA têm sido aplicadas na medicina cardiovascular para explorar novos genótipos e fenótipos em doenças existentes, melhorar 
a qualidade do atendimento ao paciente, possibilitar custo-efetividade e reduzir taxas de readmissão e mortalidade. Existe um grande 
potencial da IA na medicina cardiovascular; no entanto, a ignorância dos desafios pode ofuscar seu impacto clínico. Esse artigo fornece a 
aplicação da IA no atendimento clínico cardiovascular e discute seu papel potencial na facilitação da medicina cardiovascular de precisão.

PALAVRAS-CHAVE: Aprendizado de máquina. Inteligência artificial. Algoritmos.

for the large amount of data11. In supervised learn-
ing, small training data sets can lead to inaccurate 
decisions in the data sets test if the training data set 
is skewed.

Unsupervised Learning
Unsupervised learning is based on finding hidden 

patterns in data without human feedback. This type 
of learning is often used in deep knowledge and can 
allow for the identification of new phenotypes of car-
diomyopathy and be used on blood bank platforms 
to identify hypertension genotypes. The algorithms 
used can be classified into clustering or association 
rule algorithms. Clustering algorithms can be used to 
group unlabeled data. Algorithms for association-rule 
learning help discover relationships between data 
items that are apparently unrelated (for example, 70% 
of patients who have had angioedema with angiotensin 
receptor-neprilysin inhibitors). Since the final cluster 
pattern depends on the initial cluster, one limitation 
of this learning process is the difficulty in identifying 
the pattern of the initial cluster.

Learning by Reinforcement
Learning by reinforcement can be seen as a hybrid 

of supervised and unsupervised learning. The objective 
of this type of learning is to maximize the accuracy of 
the algorithms by trial and error.

Deep Knowledge
Deep knowledge mimics the functioning of the 

human brain by using multiple layers of artificial 
neural networks that can generate automatic fore-
casts from a training data set. This knowledge can 
be widely used to recognize images (cardiac angi-
ography and magnetic resonance)12. It can also be 
trained to perform an unsupervised learning task, 
such as a drug-drug interaction. Furthermore, there 

is no limitation regarding working memory. Deep 
knowledge has proved to be superior to other tech-
niques of machine learning, such as SVM, because 
it can use multiple layers and transformations, in 
comparison to the two layers of MVR. Since deep 
knowledge is usually a non-linear analysis with 
many parameters and multiple layers, overf it-
ting may be large, leading to a weak predictive 
performance13.14.

Cognitive Computing
Cognitive Computing involves a self-learning sys-

tem that uses machine learning, pattern recognition, 
and natural language processing to mimic the func-
tioning of the human thought processes (Figure 1). A 
machine algorithm of cognitive learning, the classifier 
of associative memory (accuracy: 93.7%; AUC: 96.2%) 
used to classify constrictive pericarditis of restrictive 
cardiomyopathy for automated interpretation of data 
from tracking echocardiography of stains has proved 
to be superior than the random forest (accuracy: 
88.3%; AUC: 94.2%) and SVM (accuracy: 87.4%; AUC: 
92.2%)15.

CONCLUSION

Over the past decade, several machine learning 
techniques have been used to diagnose and predict 
cardiovascular diseases. Each problem requires 
some degree of understanding, regarding CV med-
icine and statistics, to apply the optimal algorithm 
for machine learning. In the near future, AI will 
cause a paradigm shift toward precision cardiovas-
cular medicine.

Contribution of the authors:
All authors contributed equally to the development 

of this work.



ZERON, R. M. C. ET AL

1441 REV ASSOC MED BRAS 2019; 65(12):1438-1441

REFERENCES
1.	 Harrell FE Jr., Lee KL, Mark DB. Multivariable prognostic models: issues in 

developing models, evaluating assumptions and adequacy, and measuring 
and reducing errors. Stat Med. 1996;15(4):361-87.

2.	 van den Ham HA, Klungel OH, Singer DE, Leufkens HG, van Staa TP. 
Comparative performance of ATRIA, CHADS2, and CHA2DS2-VASc risk 
scores predicting stroke in patients with atrial fibrillation: results from a 
national primary care database. J Am Coll Cardiol. 2015;66(17):1851-9.

3.	 Brown MP, Grundy WN, Lin D, Cristianini N, Sugnet CW, Furey TS, et al. 
Knowledge-based analysis of microarray gene expression data by using 
support vector machines. Proc Natl Acad Sci U S A. 2000;97(1):262-7.
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INTRODUCTION

It is known that the pathological stage detected at 
the time of diagnosis in colorectal carcinoma (CRC) is 
the most important factor in determining the behavior 
and clinical course of tumors1. Recent studies have 
shown that patients at the same stage can show dif-
ferent prognosis, and, thus, new prognostic factors 
are being investigated, such as tumor budding. Tumor 
budding is thought to be a histological reflection of 
epithelial-mesenchymal transition (EMT). Cancer cells 
lose their epithelial properties such as polarity and 

adhesion during EMT; with the mesenchymal feature, 
they gain migratory capacity and become more resis-
tant to apoptotic signals. The tumor cells that acquire 
these properties begin to separate, individually or in 
small groups, from the main mass2. Tumor budding 
was first described by Imai in 1954 as a morphological 
feature on the invasive front of the tumor, called tumor 
sprouting3. In 2002, Ueno et al. described tumor bud-
ding as a tumor cell or tumor-cell clusters of up to five 
cells, isolated from the main tumor on the invasive 

SUMMARY

OBJECTIVE: Tumor budding is a parameter that is increasingly understood in colorectal carcinomas. We aimed to investigate the rela-
tionship between tumor budding, prognostic factors, and survival.

METHODS: A total of 185 patients who had undergone colorectal surgery were observed. Tumor budding, the tumor budding score, and 
the relationship between these and prognostic factors, and survival investigated.

RESULTS: Tumor budding was found in 91 (49.2%) cases. The relationship between the tumor budding score and histological grade, 
lymphovascular invasion, perineural invasion, pathological lymph node stage, and mortality rates were significant.

CONCLUSION: In our study, the relationship between tumor budding and survival is very strong. Considering these findings and the 
literature, the prognostic significance of tumor budding becomes clear and should be stated in pathology reports.
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budding were assessed based on the College of Ameri-
can Pathologists’ (CAP) colorectal carcinoma reporting 
protocol. Accordingly, isolated tumor cells separated 
from the main tumor mass on the invasive front of 
the tumor or tumor cell clusters of up to 5 cells were 
classified as tumor budding7.

Tumor buds were counted on the invasive margin 
at an area of 0.785 mm2. First, the cases were grouped 
as ‘positive tumor budding’ or ‘negative tumor bud-
ding’. Then, positive tumor budding cases were scored 
according to the number of tumor buds. Cases with 
0-4 tumor buds were scored as low grade, cases with 
5-9 as moderate grade, and cases with ≥10 as high 
grade4,7. Routine immunohistochemical examination 
was not performed according to CAP protocol and 
ITBCC recommendations. Again, according to the CAP 
protocol and the recommendations of the ITBCC, an 
immunohistochemical examination was performed 
in 30 cases because of the inflammatory reaction sur-
rounding the tumor, which was masking the tumor 
buds and the tumoral gland destruction by inflamma-
tory cells, which simulates the tumor buds. For these 
cases, paraffin-embedded tissue blocks were cut at 2.5 
µm thickness and immunostained for pan-cytokeratin 
(panCK) , a marker of epithelial cells that served to 
highlight areas of tumor budding.

SPSS 15.0 for Windows was used for statistical 
analysis. The ratios were compared by chi-square 
analysis, and the relationships between ratios were 
analyzed with Linear-by-Linear Association. The rela-
tionships between numerical and ordinal variables 
were analyzed by Spearman Correlation Analysis. As 
the numerical variables did not meet the normal distri-
bution condition, the two groups were compared with 
the Mann Whitney U test. Statistical significance was 
accepted as p <0.05.

RESULTS

A total of 185 cases were included in the study. Of 
these, 107 were male, and 78 were female. The mean 
age of the patients was 60.5 years. Tumors were local-
ized at the ascending colon in 59 cases (31.9%), trans-
verse colon in 11 cases (5.9%), descending colon in 27 
cases (14.6%), sigmoid colon in 47 cases (25.4%), and 
at the rectum in 41 cases (22.2 %). The tumor diame-
ter was 6.1 cm. The histological subgroup was classic 
adenocarcinoma in 170 (91.9%) cases and mucinous 
adenocarcinoma in 15 (8.1%) cases. The histologic 
grade was low in 30 (16.2%) cases, moderate in 124 

front. In the International Tumor Budding Consensus 
Conference (ITBCC), which was held on April 2016 
with participants from 11 different countries, tumor 
budding was defined as a single tumor cell or a cell 
cluster of up to 4 tumor cells4.

Numerous studies have demonstrated that tumor 
budding is an independent prognostic factor associ-
ated with lymph node metastasis, local recurrence, 
and survival. The European Society for Medical Oncol-
ogy (ESMO) and ITBCC guidelines included tumor 
budding as a criterion for identifying high-risk patient 
groups4-6.

In the present study, we aimed to investigate 
the presence of tumor budding and the relationship 
between tumor budding and prognostic factors and 
survival in patients with colorectal carcinoma.

METHODS

A total of 240 patients who had undergone col-
orectal surgery at the Haseki Training and Research 
Hospital in Istanbul, Turkey, between 2008-2010 were 
observed. Fifty-five patients were excluded from the 
study. Among those, 20 patients received neo-adjuvant 
therapy, the slides of 20 patients could not be found, 
14 patients died within a month, and one patient could 
not be reached for survival information. Colon and 
rectum resection materials of 185 patients were eval-
uated retrospectively. All histomorphologic data was 
reviewed based on the corresponding hematoxylin 
and eosin (H&E) stained slides, whereas clinical data, 
tumor localization, tumor size, and surgical margins 
were obtained from corresponding reports. The sur-
vival information of the patients was observed from 
the records of the hospital information-record system 
and also from the patients by contacting them.

The H & E stained preparations were re-evaluated 
for the presence of tumor budding, tumor budding 
score, tumor type, grade, invasion depth, lymphovas-
cular invasion, perineural invasion, regional lymph 
node involvement, pT, pN stages. Tumors were 
grouped as ascending colon, transverse colon, 
descending colon, sigmoid colon, and rectum accord-
ing to their location.

We evaluated the histological subtypes following 
the World Health Organization (WHO) classification. 
Tumor invasion depth and lymph node evaluation were 
performed according to the 8th edition of the Ameri-
can Cancer Committee (AJCC) tumor-nod-metastasis 
(TNM) classification. The presence and score of tumor 
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(67%, and high in 31 (16.8%). Lymphovascular invasion 
was detected in 110 (59.5%) cases and perineural inva-
sion in 60 (32.6%) cases. A total of 2 cases (1.1%) were 
evaluated as pT1, 22 cases (11.9%) as pT2, 125 (67.6%) 
as pT3, and 36 (19.5%) as pT4. The number of lymph 
nodes was between 0-44, and the average number was 
14. The lymph node involvement stage was N0 in 99 
(53.5%) cases, N1a in 23 (12.4%) cases, N1b in 29 (15%), 
N2a in 19 (10.3%), and N2b in 15 (8.1%) cases. The mean 
follow-up period was 68.7 months and ranged from 2 
to 108 months. A total of 104 cases (56.2%) were alive, 
and 81 (43.8%) died.

Tumor budding was found in 91 (49.2%) cases; 49 
cases (26.5%) with low grade, 17 (9.2%) with moderate, 
and 25 (13.5%) with high-grade tumor budding.

No significant difference was observed between 
tumor budding and sex, age, tumor localization, tumor 
size, histological type of tumor, histological grade of 
the tumor, or pathologic T stage (p >0.05). Tumor bud-
ding was detected in 63 (69.2%) of 110 cases with lym-
phovascular invasion and 39 (42.9%) of 60 cases with 
perineural invasion. Both were significant (p=0.008 
p=0.003), (Table 1).

There were significant differences between the 
cases with and without tumor budding in terms of 
pathologic lymph node stages (p = 0.026). İn addition, 
the rate of patients with tumor budding was lower than 
those without metastatic lymph nodes (p = 0.0049).

Also, the relationship between tumor budding 
and cumulative survival was significant; 48 (52.7%) of 
the 91 cases with tumor budding died, and 43 (47.3%) 
were still alive. The mortality rate of patients with 
tumor budding was significant (p = 0.016), as shown 
in Table 1.

The relationship between the tumor budding score 
and histological grade, lymphovascular invasion, peri-
neural invasion, pathological lymph node stage and 
mortality rates were significant (p = 0.007, p <0.001, 
p <0.001, p = 0.002, p = 0.001). As the tumor budding 
scores increased, lymphovascular invasion, perineural 
invasion, pN, and mortality rates increased too. As the 
tumor budding score increased, the rates of those with 
histological grade 1 decreased (Table 2).

The tumor budding score was found to be posi-
tively correlated with the number of metastatic lymph 
nodes, amd negatively correlated with the follow-up 
times (p = 0.011 p = 0.001)

The cumulative survival rate of patients with tumor 
budding was significantly lower than of those without 
tumor budding (p = 0.023) (Table 3).

There was a significant difference in the survival 
rates of tumor budding scores (p <0.001). The survival 
rates of patients with high tumor budding were sig-
nificantly lower than those without tumor budding, 
or with low and moderate tumor budding scores. (p 
<0.001 p <0.001 p = 0.021) (Table 3).

TABLE 1. DISTRIBUTION OF TUMOR BUDDING BY LYMPHOVASCULAR AND PERINEURAL 
INVASION AND BY PN AND SURVIVAL INFORMATION

Tumor budding
 negative  positive p
n % n %

lymphovascular invasion 47 50
.0
63
69.2

0.008

perineural invasion 21 22
.6
39
42.9

0.003

pN 0 61 64.9 38 41.8

0.026
1a 7 7.4 16 17.6
1b 12 12.8 17 18.7
2a 7 7.4 12 13.2
2b 7 7.4 8 8.8
Lymph nodes Ave.±SD (Median) 14.2±9.2 (13) 13.8±8.2 (13) 1.000
Metastatic lymph nodes Ave.±SD (Median) 1.5±3.1 (0) 2.2±2.9 (1) 0.004
Follow up time Ave.±SD (Median) 72.6±32,8 (84) 64.5±36.1 (84) 0.189

Survival
alive 61 64.9 43 47.3

0.016
death 33 35.1 48 52.7
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TABLE 2. THE RELATIONSHIP BETWEEN THE TUMOR BUDDING SCORE AND CLINICOPATHOLOGICAL 
PARAMETERS

Tumor budding
negative low moderate high
n % n % n % n % p

Histologic grade
1 20 21.3 8 16.3 1 5.9 1 4.0

0.0072 59 62.8 36 73.5 14 82.4 15 60.0
3 15 16.0 5 10.2 2 11.8 9 36.0

lymphovascular invasion 47 50 27 55.1 13 76.5 23 92 <0.001
perineural invasion 21 22.6 17 34.7 5 29.4 17 68 <0.001

pN

0 61 64.9 27 55.1 4 23.5 7 28.0

0.002
1a 7 7.4 8 16.3 4 23.5 4 16.0
1b 12 12.8 6 12.2 3 17.6 8 32.0
2a 7 7.4 5 10.2 3 17.6 4 16.0
2b 7 7.4 3 6.1 3 17.6 2 8.0

Survival
alive 61 64.9 28 57.1 9 52.9 6 240

0.001
death 33 35.1 21 42.9 8 47.1 19 76.0

TABLE 3. THE RELATIONSHIP BETWEEN TUMOR BUDDING AND SURVIVAL
Cumulative survival(%)

12 month 36 month 60month 100 month Log Rank p

Tumor budding
negative 95.7 89.4 70.2 64.0 0.023
positive 89.0 69.2 56.0 47.3

Tumor budding score

negative 93.7 76.6 70.2 64.0
<0.001

low 93.9 79.6 67.3 58.3
moderate 100.0 76.5 58.8 50.4
high 72.0 44.0 32.0 24.0

DISCUSSION

The number of colorectal carcinoma cases ranks 
3rd worldwide. Every year, 1.4 million people are diag-
nosed with CRC, and more than 600 thousand people 
lose their lives due to the disease8,9. After 50 years of 
age, it increases significantly, reaching the highest 
incidence in the second half of the eighth decade10.

The most important independent prognostic factor 
in CRCs is the stage of the tumor1. However, the fact 
that patients at the same pathological stage in the post-
operative period present differences in terms of local 
recurrence and invasion suggests that pathological stag-
ing (TNM) is insufficient in these patients11. The situa-
tion required the investigation of biological, molecular, 
and morphological factors that may be related to the 
aggressive behavior of the tumor in the cancer tissue. 
Recent studies have focused on tumor budding, which 
is thought to be the first step of the metastatic process, 
among these morphological factors12-14.

In the literature, there is no significant relation-
ship between tumor budding, age, sex and localization, 
diameter, or histologic subtype of tumor; we did not 

find any significant relationship either5,12,15-21.
The relationship between tumor budding and the 

degree of histological differentiation of the tumor was 
not significant. However, the relationship between the 
tumor budding score and the degree of histological 
differentiation revealed a significant decrease in the 
rate of good differentiation. The relationship of tumor 
budding with pathological T stages has been investi-
gated in many studies, and it was found that tumor 
budding is associated with advanced stages2,15-18,21-23. 
Koelzer et al.18 showed no significant relationship with 
pT. In our study, we found more tumor budding in pT3 
stage, but this was not significant.

Few studies have demonstrated a significant cor-
relation between tumor budding and perineural inva-
sion18,23,24. In our study, a significant correlation was 
found between the presence of tumor budding and 
the score of tumor budding and perineural invasion.

A significant relationship between tumor budding 
and lymphovascular invasion has been shown in 
most studies2,15-18,21,23,24. In our study, the relationship 
between tumor budding and lymphovascular invasion 
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RESUMO 

OBJETIVO: Brotamento de tumor é um parâmetro que é cada vez mais conhecido em carcinomas colorretais. Nosso objetivo foi investigar 
a relação entre brotamento tumoral e fatores prognósticos e sobrevida.

MÉTODOS: Um total de 240 pacientes observados, submetidos à cirurgia colorretal. Brotamento de tumor, escore de brotamento tumoral 
e a relação entre estes e fatores prognósticos, sobrevida investigada.

RESULTADOS: Brotamento de tumores foi encontrado em 91 (49,2%) casos. A relação entre o escore de brotamento tumoral e o grau 
histológico, invasão linfovascular, invasão perineural, estadiamento linfonodal patológico e taxas de mortalidade foram significativas.

CONCLUSÃO: Em nosso estudo, a relação entre brotamento tumoral e sobrevida é muito forte. Em conjunto, todos esses achados e 
literatura são avaliados simultaneamente, o significado prognóstico da brotação do tumor é claramente visto e deve ser indicado nos 
relatórios de patologia.

PALAVRAS-CHAVE: Neoplasias Colorretais. Sobrevida. Estadiamento de Neoplasias.

was significant. In addition, as the degree of tumor 
budding increases, the rate of cases with lymphovas-
cular invasion increases too, so there is a significant 
relationship between the tumor budding score and 
lymphovascular invasion.

Numerous studies have examined the relationship 
of tumor budding with lymph node metastasis. In 
2012, Kye et al.25 compared the relationship between 
regional lymph node metastasis and all other prog-
nostic factors in 55 patients with stage pT1; among all 
parameters, only tumor budding was found to be an 
independent prognostic factor for lymph node metas-
tasis. In our study, the relationship of tumor budding 
with metastatic lymph node number and lymph node 
stage was significant. In addition, the relationship 
between the tumor budding score and pN stage is sig-
nificant; as the degree of tumor budding increases, the 
pN is also increased.

As the prognostic importance of tumor budding 
was understood, the number of studies investigat-
ing the relationship with survival also increased. All 
these studies have shown that the presence of tumor 
budding is associated with significant poor clinical 
outcomes and shorter survival time.

In the study by Ohtsuki et al.23, the disease-free 
survival rate was 40.9% for cases with tumor budding 

and 75.1% in cases without tumor budding. Rogers et 
al.26 reported that tumor budding was an independent 
prognostic factor related to cancer-related death in 
univariate and multivariate analyses. When we look 
at the relationship between tumor budding and cumu-
lative survival, of the 91 cases with tumor budding, 
48 (52.7%) died, and 43 (47.3%) were still alive. The 
mortality rate of patients with tumor budding was sig-
nificant. There was a significant correlation between 
the tumor budding degrees and follow-up periods in 
patients with tumor budding. The cumulative survival 
rate of patients with tumor budding was significantly 
lower than those without tumor budding. In addition, 
the relationship between the score of tumor budding 
and cumulative survival is significant. The cumula-
tive survival rate of patients with high tumor budding 
rates is significantly lower than other scores and no 
tumor budding.

CONCLUSION

In our study, the relationship between tumor bud-
ding and survival is very strong. Considering these 
findings and the literature, the prognostic significance 
of tumor budding becomes clear and should be stated 
in pathology reports.
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INTRODUCTION
Urethral stricture is a relatively common and 

debilitant disease, with an incidence of 0.6%, which 
occurs due to several different etiologic reasons in 
different age groups.1 Etiology mostly consists of 
iatrogenic reasons (catheterization/endoscopic pro-
cedures), as well as trauma, infections, prostatecto-

my, and other post-prostate cancer treatments, li-
chen sclerosis, and idiopathic reasons.2 Its incidence 
is higher in older and African-American men.1 The 
main pathophysiological factor for urethral stricture 
is spongiofibrosis, causing scar tissues in the corpus 
spongiosum and narrowing the urethral lumen as a 

SUMMARY

INTRODUCTION: Due to spongiofibrosis and inflammatory processes underlying the pathogenesis of urethral stricture, it is possible that 
the neutrophil-lymphocyte ratio (NLR) may give essential information about the course of the disease and recurrence possibilities. Our 
study aims to evaluate the correlation between NLR and recurrence rates. 

METHODS: A total of 512 patients who underwent direct visual internal urethrotomy (DVIU) due to urethral stricture in our clinic between 
February 2010 and January 2018 were evaluated retrospectively.

RESULTS: The median follow up for non-recurrent and recurrent groups after DVIU was 30 and 36 months, respectively. During the 
follow-up, 280 (54.7%) of the patients had recurrences, and 232 (45,3%) had no recurrences. The mean time for recurrence after DVIU 
was 6,5±1,4 months, with a range of 1-36 months. The mean NLR in the non-recurrence group was 2,02±0,87, with a median of 1.9, 
and 3,66±2,30, with a median of 3 in the recurrence group. A highly significant statistical difference was observed between two groups 
in terms of neutrophil count and NLR (p: 0.000 – both). The area under curve value for NLR was 0.767, with a standard error of 0.021 
(95% CI 0.727-0.808). The cut-off value of NLR was determined as 2.25, with a 70% sensitivity and 67,7% specificity. 

CONCLUSION: By using NLR, the inflammatory features of the urethral tissue can be predicted, and possible recurrences after surgery can 
be estimated. Consequently, open urethroplasty techniques can be used in cases with a significant NLR value instead of the recurrent 
endoscopic procedure.
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groups, one with no recurrence after the DVIU pro-
cedure, and the other with one or more recurrence. 
Patients with malignancies, uncontrolled diabetes 
mellitus, hematologic, liver, or kidney dysfunction, 
who received blood transfusions, and with a previous 
open urethral surgery were excluded. Urine culture 
tests were performed on each patient preoperatively, 
and the surgeries of patients with active infections 
were postponed until the treatment was completed. 
Blood counts of all patients were made on a station-
ary device in the hospital’s central laboratory, which 
is regularly checked.

In our clinic, DVIU is applied as a standard to pa-
tients who are surgery-naïve and have short segment 
bulbar urethral stricture (<1.5 cm, mostly <1 cm). Af-
ter admitting an appropriate prophylactic single dose 
of antibiotics, all operations were performed in a 
lithotomy position. The standard procedure of DVIU 
in our clinic is performed with a single incision using 
a cold-knife at 12 o’clock position. A 16-18F silicone 
catheter is applied after the surgery and is removed 
routinely on the 2nd day postoperatively. Open ure-
throplasty is the choice of treatment in long segment 
strictures and recurrence after DVIU. Our clinic is a 
reference center for open urethroplasty, and patients 
with recurrent strictures after DVIU are referred 
from many other clinics. Most of the patients includ-
ed in our study with one or more recurrence after 
DVIU consists of these kinds of patients. In our clin-
ic, self-catheterization or bougie dilatation procedure 
is not applied to avoid or delay recurrences. Patients 
underwent clinical evaluation and uroflowmetry ev-
ery three months for one year after DVIU and, later, 
every six months for two years. The time for recur-
rence was defined as the time from DVIU to the first 
clinical sign of recurrence (symptoms and uroflow-
metric evaluation) or the date of subsequent repeat 
DVIU or urethroplasty surgery. 

STATISTICAL ANALYSIS

Statistical analysis was performed using the IBM 
SPSS Statistics 25 software. The study data was 
evaluated by the Shapiro-Wilks test in terms of dis-
tribution, and the parameters were assessed as not 
normally distributed. Descriptive statistical methods 
(mean, standard deviation, frequency), as well as the 
Mann-Whitney U test, were used for the comparison 
of the two groups when evaluating the study data. P 
<0.05 was assessed as significance.

result. The process leading to this fibrosis is primar-
ily subepithelial inflammation and hemorrhage, and 
later stages are characterized as sclerosis and fibro-
sis.3 The latest molecular studies show that there is a 
disproportion between collagen type 1 over collagen 
type 3. It has also been found that this spongiofibrot-
ic process may be induced by inflammatory medi-
ators such as neuronal nitric oxide synthase 1 and 
transforming growth factor beta (TGF-β) in connec-
tive tissue.4,5

White blood cells differentiate as neutrophils and 
lymphocytes as a response to inflammation. Elevat-
ed neutrophil to lymphocyte ratio (NLR) is associated 
with chronic inflammation and found to be a marker 
to estimate the progression and prognosis of many 
diseases and types of cancer.6-8 Since the endoscopic 
procedures are a factor of urethral stricture, which 
disfigures the smoothness and continuity of the ure-
thral mucosa and the microstructure of the corpus 
spongiosum, recurrence is frequent. Recurrence 
rates vary from 23-92% in endoscopic procedures and 
5-14% in open reconstructive surgery techniques.9,10 
Direct visual internal urethrotomy (DVIU) is the most 
common type of surgery in cases of strictures most-
ly in the bulbar urethra and short stricture length.9 
Its lower complexity and effort-time efficiency make 
this technique an eligible choice.11

Due to the spongiofibrosis and inflammatory pro-
cesses underlying the pathogenesis of urethral stric-
ture, NLR may give essential information about the 
course of the disease and recurrence possibilities. 
Our study aims to evaluate the correlation between 
NLR and recurrence rates.

METHODS 

After obtaining approval by the institutional re-
view board, 512 patients who underwent DVIU due 
to urethral stricture in our clinic between February 
2010 and January 2018 were evaluated retrospec-
tively. Patients’ age at the time of the surgery, loca-
tion, and length of stenosis in the operation reports, 
follow-up period, and previous DVIU history of the 
patients who were referred from outer centers were 
recorded. In addition, neutrophil, lymphocyte, neu-
trophil/lymphocyte ratio, hematocrit, and albumin 
levels were recorded from complete blood count and 
biochemistry analyses done for preoperative anes-
thesia assessment. After a descriptive analysis of the 
patients, comparative statistics were performed in 2 
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RESULTS

A total of 512 patients were included in the study. 
The mean age of the patients with and without re-
currence after DVIU was 52,9±11,6 and 50,6±10,8, 
respectively. There was no significant difference be-
tween the mean ages of both groups. The mean fol-
low-up for the non-recurrent group after DVIU was 
31,7±6,4 months, with a range of 6-63 months, and 
the median follow up was 30 months. The mean 
follow-up for the recurrent group after DVIU was 
35,2±9,1 months with a range of 6-72 months, and 
the median follow up was 36 months. During the fol-
low-up, after the first DVIU procedure, 280 (54.7%) 
of the patients had recurrences, and 232 (45,3%) had 
no recurrences (Table 1). The mean time to recur-
rence after DVIU was 6,5±1,4 months with a range 
of 1-36 months, and the median time to recurrence 
was seven months. The total number of recurrences 
seen in patients varies from 1 to 7, with an average of 
1.83±1.34 and a median of 1. Neutrophil, lymphocyte, 
and hematocrit levels were present in all patients 
since they were routinely performed during anesthe-
sia assessment, while preoperative albumin values ​​
were present in 249 of 512 patients. A total of 144 of 
the 249 patients were in the non-recurrence group, 
and 105 were in the recurrence group. 

In the non-recurrence group, mean neutrophil 
levels were 4,43±1,61, with a median of 4.4. The 
mean neutrophil levels in the recurrence group 
were 5,79±2,34, with a median of 5.4. The mean 
lymphocyte levels in the non-recurrence and re-
currence groups were 2,38±1,08, with a median of 
2.2 and 1,87±0,8 with a median of 1.8, respective-
ly. The mean NLR in the non-recurrence group was 
2,02±0,87 with a median of 1.9, and 3,66±2,30 with 
a median of 3 in the recurrence group. The mean 
hematocrit levels were 40,31±5,27 (median 41.4) 
and 40,24±5,69 (median 40.9) respectively. Finally, 
mean albumin levels were 4,2±3,32 (median 4) in 
the non-recurrence group, and 3,91±0,41 (median 
3.9) in the recurrence group. A highly significant 
statistical difference was observed between two 
groups in terms of neutrophil count and neutro-
phil-lymphocyte ratio. (p: 0.000 – both). The area 
under curve (AUC) value for NLR was 0.767, with a 
standard error of 0.021 (95% CI 0.727-0.808)(Figure 
1). The cut-off value of NLR in the detection of recur-
rence after internal urethrotomy was determined 
as 2.25, with a 70 % sensitivity, 67,7 % specificity. 
There was no statistically significant difference be-
tween the groups in terms of lymphocyte, hemato-
crit, and albumin levels (p>0.05)(Table 1). 

DISCUSSION

Managing urethral strictures is a challenge for 
surgeons and can be a burden to both the patient 
and the surgeon. It is still uncertain which patients 
need which kind of procedure. Endoscopic inter-
ventions are simple and easy to apply but have high 
recurrence rates. Contrarily, open techniques are 
promising with better long-term results but require 
high expertise, precise technique, and special instru-
mentation.12 Predicting the recurrence rates before 
deciding on the technique for each patient can help 
surgeons offer the most beneficial procedure. While 
many studies on NLR have been performed in many 
different fields in the literature, as far as we know, 
our study is the first involving urethral strictures.

In recent years, it has been shown that NLR may 
be a marker of chronic systemic inflammation and 
is associated with prognosis in many cardiovascular 
diseases, malignancies, and chronic inflammatory 
diseases. These markers were previously assessed in 
various uro-oncologic cases and have been shown to 
have an effective role in both predicting postoperative 

Neutrophil 
(mean)

4 .43±1.61 (4.41)
5.79±2.34 (5.4)
0.000*

Lymphocyte 
(mean)

2 .38±1.08 (2.24)
1.87±0.80 (1.79)
0.000*

NLR (mean) 2 .02±0.87 (1.9)
3.66±2.30 (3.04)
0.000*

Hematocrit 
(mean)

40 .31±5.27 (41.4)
40.24±5.69 (40.9)
0.950

Albumin (mean) 4.2±3.32 (4) 3
.91±0.41 
(3.9)

0.531

Mann Whitney U Test. NLR: neutrophil to lymphocyte ratio         * p<0.005

TABLE 1. EVALUATION OF BASIC PARAMETERS, 
HEMATOLOGIC PARAMETERS AND NLR ACCORDING 
TO THE PRESENCE OF RECURRENCE

Recurrence

No (n:232) Yes (n:280)

Mean±SD (Range) Mean±SD (Range)p

Patient age (year) 52.9±11.6 (23-78) 50.6±10.8 (21-75)

Follow up (months) 31.7±6.4 (6-63) 35.2±9.1 (6-72)

Time to recurrence 
(months)

6.5±1.4 (1-36)
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surgical margin status and progression-free surviv-
al.13,14 In a study that regarded a NLR of 2.7 as a limit, 
it was shown that a combination of tumor stage and 
NLR could be used to assess the risk of recurrence in 
patients with non-metastatic renal cell carcinoma.15 
Another study showed that NLR in non-clear-cell kid-
ney tumors was an independent prognostic factor for 
disease-free survival after curative surgery. As such, 
NLR has been reported to be a significant marker for 
patient counseling and clinical trial design.16

Inflammation, especially chronic inflammation 
in organs with lumens, can lead to stenosis and 
obstruction by causing fibrosis. Based on this hy-
pothesis, inflammation markers can be used as a 
predictive factor in the development of restenosis 
and obstruction. In a study conducted by Qian et 
al.17 on 261 coronary artery patients, inflammation 
markers were evaluated in groups with and with-
out restenosis, and it concluded that these markers 
could be used as an independent predictive factor 
for restenosis development. In 2019, Velioglu and 
Yuksel18 investigated the relationship between in-
flammation and peripheral arterial disease. They 
concluded that the higher the NLR, which is used as 
an indicator of inflammation, the higher the sever-
ity of the peripheral arterial disease. In this study, 
the severity of inflammation in tissues with a lumen 
is used to predict the pathology inside the lumen. 
This has been evaluated in internal urethrotomy 
patients. By using NLR, especially in frequent and 

multiple recurrent patients, the inflammatory fea-
tures of the tissue could be predicted and possible 
recurrences after surgery estimated.

Recurrences after DVIU can be due to infection 
and inflammation after the operation. When urethral 
strictures are considered, fibroblasts are probably re-
sponsible for the development of the urethral stric-
ture; however, the reason for the urethral stricture 
is related to the urinary extravasation into the sub-
epithelial space causing increased inflammation and 
subsequent scar formation. With this knowledge, 
many authors have used colchicine, mitomycin-C, 
triamcinolone, corticosteroids, and anti-inflamma-
tory drugs locally or systemically to reduce urethral 
stricture after urethral procedures.19 In this context, 
the urethral stricture is a result of inflammatory 
changes in the epithelium of the urethra and can be 
treated by interfering with the inflammatory pro-
cess. We used anti-inflammatory drugs (COX-2 in-
hibitors) for three days after the operation to reduce 
inflammation in our cases. 

In patients with urethral stricture, anti-fibro-
sis agents were used to prevent a recurrence. In a 
very recent study conducted in 2018, patients who 
received 10 mg tamoxifen daily for six months after 
internal urethrotomy were compared with the con-
trol group, and tamoxifen was shown to significantly 
reduce re-fibrosis and stricture development. Again 
in 2016, in a study with 83 patients, Yıldırım et al.20 
showed that recurrence is significantly lower in pa-
tients who received a local urethral steroid injection 
compared with a control. Sinanoglu et al.21 conducted 
a similar study with 84 patients and used colchicine 
as an anti-inflammatory agent, and the recurrence in 
this group was significantly lower. 

It is known that white blood cells differ in system-
ic inflammation, such as neutrophilia and lymphope-
nia.6 This inflammatory response and tissue necrosis 
leads to fibrosis and poor recipient vascularity, which 
likely has a key role in deficient wound healing, 
which, in turn, threatens urethroplasty success.22 
In a related study of 208 patients with a history of 
urethral stricture after transurethral resection of 
the prostate, it was shown that the NLR was relative-
ly higher in relapsed patients but not significant.19 
Chronic inflammation in the urethral tissue, as well 
as inflammation of the prostate tissue, may be ef-
fective in the development of urethral stricture, es-
pecially after endoscopic procedures. Grechenkov et 
al.23 found that patients who have chronic prostatic 

FIGURE 1. ROC CURVE OF NEUTROPHIL-LYMPHOCYTE 
RATIO IN THE PREDICTION OF RECURRENCE AFTER 
INTERNAL URETHROTOMY
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RESUMO 

INTRODUÇÃO: Devido à espongiofibrose e processos inflamatórios subjacentes à patogênese da estenose uretral, pode-se pensar que a 
relação de linfócitos neutrofílicos (NLR) pode fornecer informações essenciais sobre o curso da doença e as possibilidades de recorrência. 
O objetivo do nosso estudo é avaliar a correlação entre NLR e taxas de recorrência.

MÉTODOS: Quinhentos e doze pacientes submetidos à uretrotomia interna visual direta (DVIU) devido à estenose uretral em nossa 
clínica entre as datas de fevereiro de 2010 e janeiro de 2018 foram avaliados retrospectivamente.

RESULTADOS: A mediana de acompanhamento para os grupos não recorrentes e recorrentes após a DVIU foi de 30 e 36 meses, respec-
tivamente. Durante o seguimento, 280 (54,7%) dos pacientes tiveram recidivas e 232 (45,3%) não tiveram recidivas. O tempo médio de 
recorrência após a DVIU foi de 6,5±1,4 mês, com variação de 1-36 meses. A média da RNL no grupo sem recorrência foi de 2,02±0,87 
com mediana de 1,9 e 3,66±2,30 com mediana de 3 no grupo com recidiva. Uma diferença estatística altamente significativa foi obser-
vada entre dois grupos em termos de contagem de neutrófilos e NLR (p: 0,000 - ambos). A área sob o valor da curva para NLR foi de 
0,767 com um erro padrão de 0,021 (IC 95% 0,727-0,808). Valor de corte de NLR determinado como 2,25 com uma sensibilidade de 
70%, especificidade de 67,7%.

CONCLUSÃO: Ao utilizar a RNL, as características inflamatórias do tecido uretral podem ser previstas e possíveis recidivas após a cirurgia 
podem ser estimadas. Dessa forma, técnicas de uretroplastia aberta podem ser usadas em casos com valor significativo de NLR em 
vez de procedimento endoscópico recorrente.

PALAVRAS-CHAVE: Inflamação. Uretra/cirurgia. Recidiva. Estreitamento uretral. Procedimentos cirúrgicos urológicos masculinos.

inflammation after TUR-P have a significantly high-
er risk of developing urethral stricture than patients 
without prostatic inflammation.

Acute or chronic inflammation-fibrosis-sclerosis 
may be effective in the recurrence of urethral stric-
tures. Some histological studies support this theory. 
Ekerhult et al.24 examined the stenosis segment his-
topathologically in 45 patients with open urethro-
plasty and found a significantly increased risk of de-
veloping stenosis after urethroplasty in patients with 
sclerosis, compared to those without it. Inflamma-
tion and established sclerosis are prominent, espe-
cially in patients with recurrent urethral strictures. 
Recurrent endoscopic urethrotomy procedures in 
sclerotic tissue may cause recurrence and not pro-
vide curative results. In these cases, NLR can be used 
as a predictive value. Open urethroplasty techniques 
can be used in cases with a significant NLR value by 
using grafts or flaps instead of recurrent endoscopic 
procedures. Also, in our study, there were statistical-
ly significant differences between neutrophils and 
NLR in patients with and without stricture recur-
rence after DVIU.

Our study is not free of limitations because of its 
retrospective design. There are deficiencies related 
to the previous follow-up of patients referred to our 
clinic from outer centers, especially after repeated 
urethrotomy procedures from outer centers. The 
main limitations of our study are its single-center 
design, the relatively limited number of patients, its 
retrospective nature, and the exclusion of older pa-
tients due to additional comorbidities.

CONCLUSION

By using NLR, the inflammatory features of the 
urethral tissue can be predicted, and possible recur-
rences after surgery can be estimated. In this man-
ner, open urethroplasty techniques can be used in 
cases with a significant NLR value instead of the re-
current endoscopic procedure.
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INTRODUCTION

The quality of sleep of health students1-4 has been 
studied, and some evidence suggests that their poor 
sleep quality can be associated with the use of com-
puters at night5 and the excessive use of cell phones6.

University students are recognized as one of the 
groups with greater sleep deprivation and one of the 
most technologically-oriented7. The use immediately 
before bedtime of portable electronic devices that emit 
light, depending on its intensity, variation, and dura-
tion projected on the retina, can lead to the inhibition 
of the melatonin secretion. These biological effects can 
perpetuate sleep deficiency and disrupt the circadian 

rhythm, with consequences on performance, health, 
and safety8.

This is a subject of great importance since the 
use of technology is present in many aspects of the 
life of young adults, and its impact is still uncertain. 
In addition, data from Brazilian literature on the 
quality of sleep and its association with the use of 
computers and cell phones by health university stu-
dents are still limited. This study aimed to evaluate 
the quality of sleep and its association with the use 
of computers and cell phones in medical and den-
tistry students.

SUMMARY

OBJECTIVE: Evaluate the quality of sleep and its association with the use of computers and cell-phones among medicine and den-
tistry students.
METHODS: Cross-sectional and comparative study, which evaluated 425 students through a socioeconomic questionnaire, the Pittsburgh 
Sleep Quality Index(PSQI), and a questionnaire on their use of computers and cell phones.
RESULTS: Poor sleep quality was observed in 61.4% of medical students and in 60.1% of dentistry students.  Medical students with poor 
sleep quality had a higher mean time of computer use at night when compared to those with good sleep quality (p=0.04), as well as for 
computer (p<0.001) and cell phone use (p<0.01) immediately before bedtime. Dentistry students with poor sleep quality had a higher 
average time of computer use before bedtime than those with good sleep quality (p=0.03).
CONCLUSION: Students should receive guidance on prevention strategies and quality of sleep care.
KEYWORDS: Sleep. Students, Medical. Students, Dental. Technology.
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Poor sleep quality (PSQI-BR) was found in 61.4% 
of the total number of students of medicine and in 
60.1% of dentistry students (Figure 1). Both medical 
and dentistry students reported, respectively, an aver-
age duration of sleep per night of 6.3(+1.1) and 6.7(+1.1) 
hours, taking 23.2(+24.9) and 23.8(+19.6) minutes to 
fall asleep, and 9.7% and 8.7% used medication to help 
them sleep once or more times per week.

A sleep efficiency greater than 85% was observed 
in 78.3% of medical students and 77.1% of dentistry 
students (p=0.47). Moderate and severe daytime dys-
function was 49.3% for medical students and 47.2% for 
dentistry students (p=0.69).

METHODS

This is a cross-sectional and comparative study, 
conducted at a university in southern Brasil. A total of 
243 medical students and 294 dentistry students were 
regularly enrolled. A total of 21 medical students and 
52 dentistry students did not participate because they 
were not in the classroom or were not available due to 
internship activities at the time of collection, as well 
as in another attempt to include them. We excluded 
18 students under the age of 18 years and data of 21 
questionnaires that were incomplete. Thus, we ana-
lyzed 425 students, 207 of medicine (85.2%) and 218 
of dentistry (74.2%).

The collection was carried out between March and 
April 2017, period in which no tests were being carried 
out. We collected socioeconomic and quality of sleep 
data using the Pittsburgh Sleep Quality Index (PSQI), 
translated and validated into Portuguese. Based on 
the global score, between 0 and 21, students quality of 
sleep with scores >5 were classified as poor and ≤5 as 
good9. Since we found no instrument in the literature 
validated on the use of mobile phones and computers, 
we drew up questions about the use of cell phones 
and computers, referring to the previous 30 days, on 
average time of use of computers and cell phones in 
24 hours, during the night (between 18h and 6h), and 
immediately before bedtime.

The association between categorical variables was 
performed by Pearson’s chi-square test and Fisher’s 
exact test. Comparisons regarding the quality of 
sleep were adjusted for the variables age, gender, 
and income, when necessary, using logistic regression 
(enter method ). Continuous variables were compared 
using the Mann-Whitney test, with their normality 
checked by histograms and the Shapiro-Wilk test.

We used the Statistical Package for Social Sciences 
(SPSS15.0) with a significance level of 5%. The study 
was approved by the Research Ethics Committee, 
decision 1,846,977 and CAAE 62388416.3.0000.5215 

RESULTS

Most students of medicine were aged ≥21 years 
(78.3%), male (53.6%), and single (95.2%). Dentistry stu-
dents were aged <21 years (54.6%), female (73.9%), and 
single (98.2%). Most had a monthly per capita house-
hold income ≤R$ 2,000.00 (57.0% for medicine and 
71.5% for dentistry). In comparison, dentistry students 
had a greater proportion of age <21 years (p<0.001), 
females (p<0.001), and lower-income (p<0.01).

FIGURE 1. PREVALENCE OF POOR QUALITY OF SLEEP FOR 
MEDICINE AND DENTISTRY PROGRAMS, FOR THE TOTAL 

number of students and per each year

* 6th-year students included.

Total     1st       2nd      3rd      4th      5th Total     1st       2nd      3rd      4th      5th

year   year   year   year   year* year   year   year   year   year*

There was no significant difference between good 
and bad sleep quality between the total number of 
medicine and dentistry students and between the 
years of each program. These comparisons were made 
by logistic regression after adjustments for age, gen-
der, and income, when necessary (Table 1).

For medicine, there was a difference between the 
mean times of use of computers during the night 
(p=0.04) and computer (p<0.001) and cell phone use 
(p<0.001) immediately before sleep, which were 
greater among students with poor sleep quality. For 
dentistry, the average time of computer use immedi-
ately before sleep (p=0.03) was higher among those 
with poor sleep quality (p=0.03). The power of all these 
tests was 100% (Table 2).

Considering only students with poor sleep quality, 
in the comparison between the programs, dentistry 
students presented greater averages of cell phone use 
in 24 hours (p<0.001) and during the night (p<0.001), 
and medicine students had higher averages of com-
puter use in 24 hours (p=0.01) and immediately before 
sleep (p=0.01). None of these variables were associated 
with socioeconomic factors.
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TABLE 1. COMPARISON BETWEEN MEDICINE AND DENTISTRY 
STUDENTS REGARDING THE QUALITY OF SLEEP, IN TOTAL AND FOR 
EACH YEAR OF EACH PROGRAM.

Variables
Quality of sleep

p* P (CI 95%)**Poor Good 
n (%) n (%)

All Years 0.79 0.89 (0.63-1.69)
      Medicine 127(49.2) 80(47.9)
      Dentistry 131(50.8) 87(52.1)
First-year 0.35 0.86 (0.24-3.29)
      Medicine 22(59.5) 17(48.6)
      Dentistry 15(40.5) 18(51.4)
Second-year 0.42 0.33 (0.53-6.49)
      Medicine 31(51.7) 11(42.3)
      Dentistry 29(48.3) 15(57.7)
Third-year 0.07 0.49 (0.51-4.05)
      Medicine 20(36.4) 15(40.5)
      Dentistry 35(63.6) 22(59.5)
Fourth-year 0.49 0.89 (0.30-2.82)
      Medicine 17(37.8) 12(46.2)
      Dentistry 28(62.2) 14(53.8)
Fifth-year 0.80 0.71 (0.42-3.58)
      Medicine# 37(60.7) 25(58.1)
      Dentistry 24(39.3) 18(41.9)

* Chi-square

** Values after adjustment by logistic regression. All years (age, gender, and income). First-year (age and 
income). Second-year (age, gender, and income). Third and fourth years (age and gender). Fifth-year (gender 
and income).

#6th-year students included.

TABLE 2. COMPARISON OF MEDICINE AND DENTISTRY STUDENTS WITH GOOD AND POOR 
SLEEP QUALITY REGARDING THE USE OF COMPUTERS AND CELL PHONES.

Variables
Poor Quality of Sleep Good Quality of Sleep 

p**
Mean (SD) * Median Mean (SD) * Median

Medicine
Use of the computer
      In 24 hours (hours) 2.6 (0.1) 2.0 2.4 (0.2) 2.0 0.24
      During the night (hours) 1.9 (0.1) 2.0 1.6 (0.1) 2.0 0.04
      Immediately before sleep (minutes) 28.0 (0.33) 15.0 16.2 (3.7) 0.0 <0.001
Use of the cell phone
      In 24 hours (hours) 3.9 (0.3) 3.0 3.1 (0.3) 2.7 0.19
      During the night (hours) 1.8 (0.1) 2.0 1.4 (0.1) 1.0 0.09
      Immediately before sleep (minutes) 33.3 (2.8) 30.0 17.4 (2.4) 10.0 <0.001

Dentistry
Use of the computer
      In 24 hours (hours) 2.1 (0.1) 2.0 1.9 (0.1) 2.0 0.35
      During the night (hours) 1.7 (0.1) 2.0 1.5 (0.1) 1.2 0.39
      Immediately before sleep (minutes) 21.9 (3.1) 0.0 14.4 (3.5) 0.0 0.03
Use of the cell phone
      In 24 hours (hours) 5.3 (0.6) 4.0 6.0 (0.4) 4.0 0.93
      During the night (hours) 2.5 (0.1) 2.0 2.7 (0.2) 3.0 0.90
      Immediately before sleep (minutes) 40.5 (3.1) 30.0 37.3 (3.5) 30.0 0.33

* SD = standard deviation

**Mann-Whitney Test
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DISCUSSION

Poor quality of sleep was a frequent complaint 
among medicine and dentistry students, with a 
prevalence of 61.4% and 60.1%, respectively. Similar 
prevalences (PSQI) were found in medical students 
from other universities, from the 1st to the 6th year 
in Paraíba (61.5%)³ and from the 2nd year in Niterói 
(64.6%)2. There were higher prevalences among medi-
cal students (1st to 4th year) of Mogi das Cruzes (84%)6, 
from the 1st to the 8th term in Tubarão (76.1%)4, in a 
university of India (72.9%)10, and in 564 women stu-
dents of dentistry in an university in Saudi Arabia 
(72.5%)11. Whereas in 1st-year medical students of 
Taiwan, there was a prevalence of 33.8%12.

A study that included medical students found 
poor sleep quality in only 19.17% of them in China13 

and in 14.9% of the 234 medical students and 42 
medical residents of a University in Goiás. Despite 
the low percentage, the authors concluded that the 
group researched slept, on average, a lower number 
of hours, had greater daytime sleepiness, and made 
greater use of hypnotic drugs in comparison with the 
general adult population1.

It is important to highlight that the prevalence of 
poor sleep quality can be related to methodological 
aspects, such as the collection of data in different 
periods of the year. For example, there was a signifi-
cant difference in the prevalence of poor sleep quality 
(PSQI) between periods pre-test (59%), post-test (8%), 
with no tests (29%)14. These results increase the con-
cern with students in this study since they presented 
a high percentage of poor quality of sleep when there 
were no tests.

In this study, the mean times of computer use 
during the night and computer and cell phone use 
immediately before bedtime among students with 
poor sleep quality were higher than among those with 
good quality. Among 710 students from different pro-
grams of the University of Minas Gerais, the use of the 
computer between 19h and 22h or 19h and 24h was 
associated with a greater frequency of poor quality of 
sleep (PSQI), with no difference between the groups 
regarding watching tv and sleep quality5. In a Univer-
sity of Mogi das Cruzes, 76 medical students (1st to 
4th year) were evaluated regarding their normal use of 
cell phones and after not using it one hour before bed-
time, for 15 days. After the intervention, there were 
significant increases in the average sleep duration and 
reduction in the proportion of poor quality of sleep 
(PSQI), besides a reduction of daytime sleepiness6. 

Whereas with 301 medical students from a university 
of Tubarão, among other findings, the multivariate 
analysis showed that the greater the time of internet 
use per day, the greater the chance of poor sleep qual-
ity (PSQI), as well as with the use of YouTube4.

Similar results were found in other countries. In 
India, academic females of the 1st year of medicine 
who used their cell phones for more than 2 hours at 
night showed a significant correlation between more 
hours of use and worse quality of sleep (PSQI)15. 
Among 450 students of five universities of medical 
sciences in Iran, there was a significant correlation 
between the excessive use of cell phones and the total 
score of general health and worse quality of sleep 
(PSQI)16. In a study with 350 students of psychology 
in the United States, there was no correlation between 
the general use of cell phones and the quality of sleep 
(Sleep Quality Index). However, the problematic use of 
cell phones, addictive, problematic, and pathological 
texting was correlated to a worse quality of sleep7. 
In a university from Turkey, 319 students showed, 
among other factors, a significant correlation between 
greater severity of cell phone use (Smartphone Addic-
tion Scale) and global PSQI scores (poorer quality of 
sleep)17.

The use of electronic devices that emit light before 
bedtime prolongs the time to fall asleep, slows the 
circadian clock, suppresses melatonin levels, reduces 
the amount and delays the time of REM sleep, and 
reduces the state of alert the next morning8.

Generally, when using their cell phones or com-
puters, users are very close to the light emitted by the 
screen and interact actively with the appliances, which 
differs from the use of passive technology.

From the findings of this study, there is a need 
to focus on the sleep care of students related to the 
use of computers and cell phones in the evening and 
immediately before bedtime. In addition to sleep 
hygiene measures, psychological interventions should 
be considered18.

The limitations of this study include its cross-sec-
tional nature and the fact that it was carried out in a 
single institution. Students in the use of psychotropic 
substances19 and/or in treatment for mental health 
problems may have altered quality of sleep. A greater 
sample number could find differences in the preva-
lence of poor sleep quality. Despite these limitations, 
the results can contribute to a better understanding 
of the quality of sleep and the use of computers and 
cell phones in the population studied.
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RESUMO 

OBJETIVO: Avaliar a qualidade de sono e sua associação com uso de computadores e celulares em estudantes de medicina e odontologia.

MÉTODOS: Estudo transversal e comparativo, que avaliou 425 estudantes por meio de questionário socioeconômico, Índice de Qualidade 
do Sono de Pittsburgh (PSQI) e uso de computador e telefone celular.

RESULTADOS: Sono de má qualidade foi observado em 61,4% dos estudantes de medicina e em 60,1% de odontologia. Para os estudantes 
de medicina, os tempos médios de uso de computador durante a noite (p=0,04) e computador (p<0,001) e celular (p<0,001) imediat-
amente antes de dormir foram maiores para os estudantes com má qualidade de sono. Para os estudantes de odontologia, o tempo 
médio de uso do computador imediatamente antes de dormir foi maior para aqueles com má qualidade de sono (p=0,03).

CONCLUSÃO: Os estudantes devem receber orientações sobre estratégias de prevenção e cuidados com a qualidade do sono.

PALAVRAS-CHAVE: Sono. Estudantes de medicina. Estudantes de odontologia. Tecnologia.

CONCLUSION

We observed a high prevalence of poor quality 
of sleep among students of medicine and dentistry, 
without difference between them. The mean times 
of computer use during the night, computer and 
cell phone use immediately before bedtime (med-
icine), and the computer immediately before bed-
time(dentistry) were higher among students with 
poor sleep quality were higher than among those 
with good quality.
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INTRODUCTION

Uterine f ibroids or leiomyomas are benign 
tumors that originated from the smooth muscle of 
the uterus. Their estimated incidence reaches 75% 
of childbearing-age women. They are characterized 

histologically by areas of disordered growth of smooth 
muscle fibers and extracellular matrix1. These tumors 
arise naturally during the reproductive age. They are 
usually related to biological changes in growth and 

SUMMARY

OBJECTIVE: Evaluate the expression of KI-67 in uterine leiomyomas and adjacent myometrial tissue and verify the existence of a cor-
relation between clinical parameters and KI-67 expression in tumors.
METHODS: This is a cross-sectional, controlled, analytical study. Samples of leiomyomas and myometrium were obtained from patients 
who underwent hysterectomy. The samples were processed by immunohistochemistry using KI-67 antibody, and the expression was 
evaluated by two blinded observers. Student›s T-test was used for comparison of means, and Pearson›s P test for correlation with 
clinical parameters.
RESULTS: A total of 9 patients were included in the study. The mean age was 40.7 years, ranging from 35 to 44 years. The mean expression 
of KI-67 in myometrium was 1.63%, and, in leiomyomas, 5.96% (p <0.001). The highest expression of KI-67 was moderately related to 
the severity of anemia, bleeding, and pain level.
CONCLUSION: The expression of KI-67 in normal myometrium was significantly lower than in leiomyomas. The highest expression of 
KI-67 was moderately related to the severity of anemia, bleeding, and pain level in the patients of this study.
KEYWORDS: Ki-67 Antigen. Leiomyoma. Myometrium.
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a total hysterectomy by laparotomy. The exclusion 
criteria were: menopausal women, patients with a can-
cer diagnosis or with clinical suspicion of malignancy, 
previous hormone therapy or surgical intervention for 
uterine fibroids.

Collection of samples
After the hysterectomy, two tissue samples were 

collected of one-centimeter diameter. One sample 
was composed of uterine leiomyoma and the other 
one of myometrial tissue. The healthy myometrium 
was located at least five centimeters away from any 
leiomyoma. Then, the samples were submitted to the 
following procedures: 1) Formalin fixation; 2) Dehydra-
tion through ethyl alcohol; 3) Diaphonization in xylol; 
3) Impregnation with paraffin at an oven temperature 
of 59 º C. After this process, part of the samples under-
went the consecutive serial cuts of four micrometers. 
Next, they were kept on glass slides and stained with 
hematoxylin and eosin for diagnostic confirmation of 
normal myometrial tissue (figure 1) and uterine leio-
myomatosis (figure 2).

In addition, the following data were collected from 
medical records: age, gestational age, fibroids with 
greater volume, uterine volume, intensity of men-
strual bleeding (mild, moderate, or severe), post-opera-
tive hemoglobin, Body Mass Index (BMI) and ethnicity. 
Due to the intense menstrual irregularity that some 
participants presented, it was not possible to accu-
rately assess their stage of the menstrual cycle.

Immunohistochemical method
A monoclonal antibody to KI-67 was used. The 

samples were dewaxed in xylol at 110 ° C and, soon 
after, subjected to multiple washouts with water at 

development mainly influenced by sex hormones, 
especially estrogen, in addition to other causes such 
as genetic changes and growth factors1.

Leiomyomas can have a significant impact on the 
quality of life of women in reproductive age2. Depend-
ing on their anatomical position, quantity, and size, 
these tumors can cause menstrual irregularity in 
about 30% of cases, with hemorrhage being the most 
frequent symptom. Increased uterine volume may 
induce an elevated pelvic pressure, leading to pain and 
compression of other structures, such as the rectum 
and bladder, causing constipation and urinary incon-
tinence. Moreover, uterine fibroids have a negative 
impact on reproductive function and are associated 
with infertility and adverse gestational outcomes, such 
as miscarriages, fetal anomalies, premature births, 
and an increase of indications for cesarean sections3.

Due to its high prevalence in the population and 
its impact, its pathogenesis must be fully understood 
in order to develop better therapeutic strategies. The 
aim of this study was to evaluate the expression of 
the KI-67 cell proliferation marker in uterine leiomy-
omas and adjacent myometrial tissue. Furthermore, 
this paper aims to verify the existence of a connec-
tion between clinical parameters and KI-67 expression 
in tumors.

METHODS
Type of study and sample design

This study is part of a research project whose goal 
is to evaluate several markers (KI-67, BCL-2, IGF-1, 
among others) and their clinical correlations in the 
symptomatology of uterine leiomyomatosis. A signif-
icant sample size of 60 was determined based on the 
number of patients treated at our service. Because this 
is a pilot study, it was decided to reduce the sample to 
10 to analyze the viability of the research. In addition, 
we selected KI-67 as the first marker to be studied 
due to the greater experience of the pathology team 
with this marker. In addition, its qualitative analysis 
is simpler when compared to the others.

This is a cross-sectional, controlled, and analytical 
study. This study included ten women with symptom-
atic uterine leiomyomatosis who underwent a total 
abdominal hysterectomy at a tertiary hospital in Ter-
esina-PI. They were randomly selected by batch from 
March 2017 to December 2017. The inclusion criteria 
were: women over 18 years of age with symptomatic 
uterine leiomyomatosis and a surgical indication of 

FIGURE 1. HEALTHY MYOMETRIUM (400X 
MAGNIFICATION)
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room temperature. After this, the cuts were placed in 
ethyl alcohol at concentrations 100, 80, and 50 percent 
consecutively. Then, they were washed in running tap 
water. Lastly, the sections underwent distillation. 
Endogenous peroxidase activity was blocked with 
hydrogen peroxide (H2O2) 3% three times for 10 min-
utes each. This last step was followed by washing the 
samples with Phosphate-Buffered Saline (PBS) solution 
(pH 7.4 to 7.6). In order to unmask antigens, the slides 
were boiled at 95°C for 30 minutes in sodium citrate 
buffer solution (pH 6.0) in a T-fal streamer. After cool-
ing for 20 minutes, the sections were washed in tap 
and distilled water and, ultimately, placed in PBS. The 
incubation time with a specific primary antibody was 
overnight at 4° C.

After incubation, the slides were washed three 
times in PBS, dried and incubated with «EnVisionTM 
System (DAKO, Code K 1672)» for 1 hour at 37 ° C. 
Once again, the sections were washed in tap and 
distilled water and then stained with Mayer›s hema-
toxylin for 30 seconds. The cuts underwent alcohol- 
xylol dehydration and, lastly, placed on coverslips with 
Entellan resin.

Samples evaluation
The expression of the biomarkers was evaluated by 

two blinded observers with no information regarding 
sample identification. These observers counted the 
number of cells with positively stained nuclei under 
400x magnification using an optical microscope 
attached to a video camera.

For the quantification of KI-67 biomarker expres-
sion, 500 cells were counted on each slide. The per-
centage of stained cells was calculated from the ratio 
of the number of cells with stained nuclei and the 
total number of cells multiplied per 100, as in the for-
mula below:

Percentage of stained cells = (cells with colored 
nuclei x 100)/Total number of cells

Statistical analysis
The data were tabulated using Microsoft Excel 

16.0 and summarized in tables and graphs; Student›s 
t-test was used for statistic comparisons. The signif-
icance level was set at p<0.05. Pearson›s correlation 
coefficient was used for paralleling the clinical find-
ings and the KI-67 expression according to the follow-
ing parameters:

0.9 to 1.0 indicates a very high correlation.
0.7 to 0.9 indicates a high correlation.
0.5 to 0.7 indicates a moderate correlation.
0.3 to 0.5 indicates a low correlation.
0 to 0.3 indicates a negligible correlation.

Ethical aspects
The research was approved by the Research 

Ethics Committee of our institution under protocol 
number 2.061.409. All patients signed an informed 
consent form.

RESULTS 

A total of 9 patients were included in the study 
because one of the samples was not considered satis-
factory. The mean age was 40.7 years, ranging from 35 
to 44 years. Regarding ethnicity, eight patients were 
African American, and one was white. The mean size 
of fibroids was 5.4 cm, ranging from 2.1 to 10.5 cm. 
The mean uterine volume was 345 cm3 ranging from 
127 to 449 cm3.

Three (33.3%) patients classified the pain as mild, 
and six (66.7%) as severe. Bleeding was considered mild 
in three (33.3%) patients and intense in the remain-
der (66.7%). Only three patients had preoperative 

FIGURE 2. PANEL A: UTERINE LEIOMYOMA (400X MAGNIFICATION). PANEL B: UTERINE LEIOMYOMA WITH CELLS 
EXPRESSING KI-67 (40X MAGNIFICATION). PANEL C: UTERINE LEIOMYOMA WITH CELLS EXPRESSING KI-67 (400X 
MAGNIFICATION)
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hemoglobin lower than nine; in one case, it was nec-
essary to perform a perioperative blood transfusion. 
Two patients were nulliparous, two had two gesta-
tions, and five became pregnant three or more times. 
The mean BMI was 24.2, ranging from 21.3 to 29.1; 
therefore, five patients had adequate BMI (19-24.9), 
and the remainder were overweight.

Regarding KI-67 expression, there were posi-
tively stained cells in all samples included (Figure 
2). The mean expression of KI-67 in the myome-
trium was 1.63%, and, in leiomyomas, it was 5.96% 
(p <0.001). The correlation between clinical param-
eters and KI-67 expression in leiomyomas is pre-
sented in Table 1.

probable origin of this neoplasm derives from injuries 
and successive repairs of the myometrium. Therefore, 
we can state that, initially, non-hormonal factors are 
responsible for the onset of the myoma. In a second 
moment, estrogen and progesterone would play their 
role in allowing tumor growth1.

Classically, leiomyomas are described more fre-
quently in African American women. In addition, 
the symptomatology is more intense in this group. 
Other contributors, such as nulliparity, use of pro-
gesterone-based contraceptives, obesity, hyperten-
sion, and early menarche, have also been associated 
as risk factors for this disease. On the other hand, 
the use of combined contraceptives and a diet rich in 
vegetables seem to exert a protective effect4,5. In fact, 
some of these agents do not have their mechanisms of 
action completely clarified, but they can act by dereg-
ulating specific pathways, allowing a greater cellular 
proliferation1,4,5.

KI-67 is a biomarker that has been researched 
for years in oncology. It is used to assess the degree 
of proliferation of a given tissue. When the nucleus 
of the cell binds to the antibody and produces a 
characteristic coloration, it indicates that the cell 
is advancing in the cell cycle. This marker is use-
ful because it allows evaluating the aggressiveness 
of a tumor: the higher the number of positive cells, 
the higher the cell proliferation index. Thus, tumors 
with a greater expression of KI-67 are classically 
described as more aggressive6,7.

At this moment, a few studies have focused on the 
expression of KI-67 in fibroids. They usually focus on 
using it only as a reference to distinguish fibroids from 
malignant neoplasms. As a result, it is not known how 
the greater or lesser expression of this marker may 
influence the presentation or prognosis of uterine 
leiomyomatosis. The authors concluded that the rate 
of cell proliferation is lower in myomas than in uter-
ine sarcomas, which is a useful parameter in cases of 
unclear diagnoses8-10.

In our study, KI-67 expression was significantly 
higher in fibroids than in healthy myometrium. In 
addition, we found a moderate correlation between 
KI-67 expression and the reported severity of ane-
mia, level of pain, and bleeding. The value of 0.55 
for the correlation between KI-67 expression, pain, 
and bleeding suggests that the greater the expres-
sion of the marker, the greater the intensity of 
these clinical parameters. Even though the values 
of correlation of this study are not considered high 

TABLE 1. CORRELATION BETWEEN KI-67 EXPRESSION 
IN UTERINE LEIOMYOMAS AND CLINICAL PARAMETERS 
ACCORDING TO PEARSON’S CORRELATION 
COEFFICIENT.

Variable P

Age -0.46

Parity -0.04

Tumor size 0.12

Uterine volume 0.21

Pain 0.55

Bleeding 0.55

Preoperative hemoglobin -0.55

Body Mass Index (BMI) 0.05

Weight 0.1

DISCUSSION

Uterine leiomyomas are benign neoplasms of 
the smooth muscle of the uterus. They are usu-
ally asymptomatic, although they may manifest as 
abnormal uterine bleeding, pelvic pain, and various 
combinations of other symptoms that may impair 
the quality of life of women. They account for 30% 
of hysterectomies in women during reproductive 
age and 9.4 billion dollars in medical expenses in 
the United States4.

In recent years, there has been a significant advance 
in the knowledge of the biology of leiomyomas, but the 
fundamental mechanisms of their formation are not 
yet fully understood. More than 200 altered genes 
have been reported in these tumors, although a few 
remain prevalent in several populations1. Several sig-
naling pathways may also be altered, reflecting the 
complexity of this neoplasm. It is believed that the 
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RESUMO 

OBJETIVO: Avaliar a expressão do KI-67 em leiomiomas uterinos e tecido miometrial adjacente e verificar a existência de correlação entre 
parâmetros clínicos e expressão do KI-67 em tumores.
MÉTODOS: Estudo transversal, controlado e analítico. Amostras de leiomiomas e miométrio foram obtidas de pacientes que realizaram 
histerectomia. As amostras foram processadas por imuno-histoquímica utilizando anticorpo para KI-67 e a expressão avaliada por 
dois observadores cegos. O teste t de Student foi utilizado para comparação de médias e o teste P de Pearson para correlação com 
parâmetros clínicos.
RESULTADOS: Um total de 9 pacientes foi incluído no estudo. A idade média foi de 40,7 anos, variando de 35 a 44 anos. A expressão média 
do KI-67 no miométrio foi de 1,63% e nos leiomiomas de 5,96% (p <0,001). A maior expressão do KI-67 foi moderadamente relacionada 
com a gravidade da anemia, sangramento e nível de dor.
CONCLUSÃO: A expressão do KI-67 no miométrio normal foi significativamente menor que nos leiomiomas. A maior expressão do KI-67 
foi moderadamente relacionada à gravidade da anemia, sangramento e nível de dor nos pacientes deste estudo.
PALAVRAS-CHAVE: Antígeno KI-67. Leiomioma. Miométrio.

(0,7 – 1), they are calculated in a small sample size, 
suggesting that there is an important relationship 
among the data studied in this article. Compara-
tively, the value of - 0.55 calculated for the correla-
tion between KI-67 and preoperative hemoglobin 
indicates that the higher the marker expression, 
the lower the level of hemoglobin. The presence of 
a negative correlation between these two parame-
ters is probably due to the greater bleeding inten-
sity in patients with higher KI-67 expression.

Due to the low number of cases included in this 
initial study, it is still very early to state that the cell 
proliferation index is a prognostic factor to be incor-
porated into clinical practice. However, the results 
suggest that it probably relates to higher symptom-
atology. Furthermore, we can conclude that the 
methodology of this article can be applied to analyze 
a large number of patients and that the sample size 
should be increased in order to improve the statis-
tical analysis.

 CONCLUSION

The expression of KI-67 in normal myometrium 
was significantly lower than in leiomyomas. The 
highest expression of KI-67 was moderately related 
to the severity of anemia, bleeding, and pain level in 
the patients of this study.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic non-transmis-
sible disease, resulting from the inability to produce 
and/or the non-use of endogenous insulin, which 

causes hyperglycemia and, consequently, abnor-
malities in glucose, lipid, and protein metabolism.1.2 
According to the International Diabetes Federation, 

SUMMARY

INTRODUCTION: Type 2 diabetes mellitus compromises physical, psychological, economic, and social life. 

OBJECTIVES: To identify and compare the quality of life, depression, functional performance, and physical activity in patients with type 
2 diabetes mellitus who use insulin or not. 

METHODS: A observational, descriptive, cross-sectional, comparative study involving 100 patients (50 use insulin and 50 do not) from a 
Teaching Hospital. Questionnaires used: Identification and Socioeconomic Profile; SF-36; Hospital Anxiety and Depression Scale; Visual 
Analogue Scale for Pain; Canadian Occupational Performance Measure, and International Physical Activity Questionnaire. 

RESULTS: Sample composed predominantly by middle-aged, female, married, retired, and with incomplete elementary school individuals. 
There is impairment in all domains of quality of life, being more intense in functional capacity, physical limitations, pain, social aspects, 
limitation by emotional aspects, and mental health (P<0.05). There is a significant prevalence of anxiety or depressive symptoms in 
the groups, especially in those using insulin. However, the occurrence of the corresponding psychiatric disorders is unlikely (P<0.05). 
There was no significant difference in neuropathic pain between the groups (P=0.2296). Functional impairment is similar in both groups 
regarding self-care activities (P=0.4494) and productivity (P=0.5759), with a greater deterioration of leisure time in patients on insulin 
(P=0.0091). Most of them practice physical activity, predominantly walking, with no significant difference when comparing the groups 
(P>0.05), as well as in the other modalities. 

CONCLUSION: Insulinized patients present greater impairment of functional capacity and socialization, as well as greater neuropathic 
pain, anxiety, and depressive symptoms.

DESCRIPTORS: Diabetes mellitus, type 2. Insulin. Quality of life. Mental health. Occupational therapy. Exercise.
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METHODS

This is an individual, observational, descriptive, 
cross-sectional, comparative study carried out at the 
Outpatient Clinic of Endocrinology of the Hospital de 
Base in São José do Rio Preto, from August 2016 to 
April 2017, approved by the Research Ethics Commit-
tee of Famerp, decision No. 1,575,216. A total of 100 
DM2 patients were included - 50 in the Hypoglycemic 
Drugs Group- MG - and 50 in the Insulin Group - IG. 
They were approached while waiting for their medical 
consultations and agreed to participate by signing the 
Informed Consent Form.

The participants are patients with a confirmed diag-
nosis of DM2, who use medications or insulin, aged over 
18 years, regardless of sex, socioeconomic conditions, 
and ethnicity enrolled from a convenience sample. 

These patients responded to six questionnaires: 
Identification Sheet and Socioeconomic Profile; SF-36 
Inventory of Quality of Life, grading the general state 
of health; Hospital Anxiety and Depression Scale - 
HADS, evaluating, separately, anxiety (HADS-A) and 
depression (HADS-D); the Canadian Occupational 
Performance Measure - COPM, analyzing the func-
tional capacity; Visual Analogue Scale of Pain - VAS, 
measuring the intensity of pain; and International 
Physical Activity Questionnaire - IPAQ, reporting the 
frequency and duration of physical activities based on 
the previous week.

Using techniques of descriptive and inferential 
statistics, we calculated absolute frequencies, per-
centages, measures of central tendency, and disper-
sion. We used the Kolmogorov-Smirnov normality test 
or Fischer’s Test and, subsequently, for comparison 
between groups, the Student’s t-test or Mann-Whit-
ney test. A p-value < 0.05 was considered statistically 
significant. The software used was Graphpad Instat 
3.10 (2009).

RESULTS

After analyzing the socioeconomic data, we found 
an average age of 56.12±13.78 years and the aver-
age time of diagnosis of 10.46 years in the MG and  
59.46±11.48 years and 12.86 years in the IG, respec-
tively. In our sample, most individuals were female, 
married, with incomplete basic education, and retired. 

The SF-36 Inventory of Quality of life (Table 1), 
comprising eight scales, scored from 0 to 100, shows 
a better quality of life, the higher the score obtained. 
Among diabetic individuals, all areas were affected, 

there are 415 million diabetics in the world, 14 mil-
lion in Brasil, of which 90% are type 2, 5-10% type 1, 
and 2% are other types or associated syndromes.2-4 
There is an estimated increase of 50% in its preva-
lence in the next 20 years, and its main risk factors 
are: female gender, age, high body mass index (BMI), 
systemic arterial hypertension (SAH), and family his-
tory of diabetes.5.6 

This disease generates profound impacts related 
to complications that can be acute (hypoglycemia, 
ketoacidosis, and hyperosmolar coma) or chronic 
(cardiovascular disease, renal insufficiency, ampu-
tation of limbs, neuropathy, nephropathy, and reti-
nopathy).7 Although mortality due to complications 
has decreased, the quality of life and well-being of 
diabetic individuals are still very much affected, with 
changes in work, family, sexuality, physical, social, 
and emotional well-being, physical changes, and the 
significance of these changes.1

After the diagnosis, it is common to react with 
anger, revolt, and depression due to biological, psycho-
logical, and social changes that influence acceptance 
and adherence to the treatment of the disease since 
it requires self-care (adopt healthy behaviors) and the 
use of long-term medications to avoid complications, 
thus making the prognosis of type 2 diabetes mellitus 
(DM2) unfavorable.8

Mild/moderate physical exercise increases insu-
lin sensitivity and the muscle uptake of glucose, 
reduces body fat, improves the heart frequency, 
and the lipid and glycemic control, among others, 
in all individuals, promoting physical and mental 
well-being.9 

In DM2, often the mere change of lifestyle is not 
enough; therefore, the combined treatment with medi-
cations (oral hypoglycemic agents and/or insulin) aims 
to achieve levels of glycated hemoglobin (Hba1c) lower 
than 7% in order to reduce the risk of micro and mac-
rovascular complications.10

Several factors influence the quality of life of 
diabetic individuals, such as the use of insulin, age, 
chronic complications, socioeconomic and educational 
level, psychological factors, knowledge about the dis-
ease, and care received. This study will evaluate the 
different influences of the treatment used - oral hypo-
glycemic agents or insulin - in quality of life, depres-
sion, functional performance, and physical activity 
in patients with DM2, enabling the development of 
strategies and intervention programs to promote inte-
gral care to diabetic patients. 
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in different intensities individually and per domain, 
with an statistical significance in functional capac-
ity (P=0.0002), limitation due to physical aspects 
(P=0.0002), pain (P=0.0076), social aspects (P<0.0001), 
limitation due to emotional aspects (P<0.0001) and 
mental health (P<0.0001), indicating a greater impair-
ment in the IG. 

The analysis of the Hospital Anxiety and Depres-
sion Scale - HADS (Figure 1) indicated the presence 

of anxiety or depression symptoms in a large portion 
of participants in both groups, but anxiety disorders 
or depression are unlikely. We can also conclude that 
individuals in the IG have a significantly higher inci-
dence of anxiety (P<0.0001) or depression (P=0.0001).

The intensity of neuropathic pain, as assessed by 
Visual Analog Scale of Pain - VAS, showed, in the MG, a 
mean ± SD of 4.5 ± 4.036; mode 0; median 5 and max-
imum and minimum scores of 0 and 10, respectively, 

TABLE 1. STATISTICAL DESCRIPTION OF THE SF-36 INVENTORY OF QUALITY OF LIFE SCORE IN 
EACH DOMAIN OF THE MG AND IG GROUPS

Domain score Minimum Maximum Median Mean ± SD P

Functional capacity MG 35 100 85 83.6 ± 16.84 0.0002

IG 5 100 67.5 59.9 ± 31.72

Limitation due to physical aspects MG 0 100 75 66 ± 35.26 0.0002

IG 0 100 0 35.5 ± 43.76

Pain MG 0 100 61 61.59 ± 32.11 0.0076

IG 0 100 40 43.32 ± 32.49

Overall health condition MG 25 67 52 50.28 ± 10.22 0.0844

IG 0 100 41 45.03 ± 27.01

Vitality MG 20 85 55 54.6 ± 14.06 0.0929

IG 0 100 45 44.7 ± 27.81

Social aspects MG 50 100 100 91 ± 12.88 <0.0001

IG 0 100 50 54 ± 37.15

Limitation due to emotional aspects MG 33.4 100 100 78.68 ± 29.13 <0.0001

IG 0 100 33.33 52.65 ± 42.10

Mental health MG 56 96 80 77.68 ± 10.44 <0.0001

IG 0 100 60 58.56 ± 25.28
SD - Standard deviation. MG - Group who used hypoglycemic medication. IG - Group who used insulin

FIGURE 1. HOSPITAL ANXIETY AND DEPRESSION SCALE (HADS) OF DM2 PATIENTS USING 
MEDICATION (MG) OR INSULIN (IG)
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and 62% (31) of these participants presented NPP, with 
16% (n=8) reporting living with the worst pain ever 
experienced (score 10). Regarding the IG, the mean ± 
SD obtained was 5.58 ± 3.703; mode 0; median 5 and 
maximum and minimum scores of 0 and 10, respec-
tively; in this group, 74% (n=37) presented NPP, with 
16% (n=8) reporting living with the worst pain ever 
experienced. Therefore, there was no significant dif-
ference in NPP between both groups (P=0.2296).

The Canadian Occupational Performance Measure 
- COPM (Table 2) analyzed the impairment of function-
ality in self-care, productivity, and leisure activities; 
independence outside the home, domestic activities, 
and active recreation were the activities most affected 
in each class, respectively, in both groups. After com-
paring the results of the MG and the IG, no statistical 
significance was found regarding impairment of self-
care activities (P=0.4494) and productivity (P=0.5759), 
whereas in relation to leisure, the greatest impairment 
in the IG was significant (P=0.0091), highlighting an 
important impairment of socialization. 

Finally, the International Physical Activity Ques-
tionnaire - IPAQ showed that 76% of individuals of the 
MG and 68% of the IG practice physical activity, and 
walking was the modality with most practitioners in 
the MG, with 42%, and in the IG, with 52%. However, 
when comparing both groups, there was no significant 
difference in adherence to this practice (P=0.1636), 
but there was in the following modalities: moderate 
activities, practiced by 22% of members in the MG 
and 44% in the IG (p = 0.0696); and vigorous activities, 
with only 2% of practitioners in the MG and 6% in the 
IG (P=0.3248).

DISCUSSION

In this study, the mean age of participants was 
greater than 55 years, with a predominance of 
females, married, with incomplete basic education, 
and retired, which is in line with other studies.11

The SF36 - Inventory of Quality of Life scores indi-
cate that the areas most affected - worst scores - are 
in the MG, general health state (50.28), vitality (54.6), 
and pain (61.59), in comparison with physical aspects 
(35.5), pain (43.32) and vitality (44.7) in the IG. In spite 
of equivalences in two domains, the GI, with lower 
averages, presented greater impairment. The best 
domains were social aspects (91), functional capacity 
(83.6), and limitation due to emotional aspects (77.68) 
in the MG, and functional capacity (59.9), mental 
health (58.56), and social aspects (54) in the IG. We 
also found, based on the means, equivalence in two 
areas, but there is a greater impairment in the IG. The 
lowest scores of the IG are consistent with the liter-
ature, due to the influence of therapy in the patient’s 
quality of life.12

We conclude by examining the emotional state 
of the participants, a high presence of anxiety and/
or depression symptoms in both groups; however, it 
is not possible to say that those represent a diagnosis 
of depressive and/or anxiety disorder. Despite this, 
the probability of symptoms and/or presence of these 
disorders is significantly greater among individuals 
in the IG, which is consistent with previous stud-
ies and correlates with more advanced disease and 
more comorbidities and/or complications, which have 
a direct emotional impact and do not derive directly 
from insulin.13.14 The emotional state is directly related 

TABLE 2. DIFFICULTIES REPORTED BY THE PARTICIPANTS IN THE USE OF MEDICATION (MG) AND 
INSULIN (IG) ACCORDING TO THE CANADIAN OCCUPATIONAL PERFORMANCE MEASURE - COPM

MG IG
Activity n % n % P
Self-Care
Personal Care 2 4 2 4 0.4494
Functional Mobility 3 6 10 20
Independence away from home 10 20 14 28
Productivity
Work 11 22 10 20 0.5759
Domestic Activities 17 34 11 22
Leisure activities
Calm Recreation 6 12 4 8
Active recreation 7 14 18 36 0.0091
Socialization 1 2 16 32

MG - Group who used hypoglycemic medication. IG - Group who used insulin
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to the quality of life, interfering in adherence to treat-
ment and other activities beneficial to health.13,15,16 

Neuropathic pain (NPP), present in both groups 
with no statistically significant differences in prev-
alence in the Mg and the IG, differs from previous 
studies, which showed a higher occurrence of NPP in 
type 2 diabetic patients from the MG, because those 
on insulin (IG) get lower blood glucose levels, thus 
preventing the development and progression of micro-
vascular complications.17 The involvement of a large 
number of the patients studied (62% in the MG and 
74% in the IG) also differ in relation to other analyses 
with a lower percentage.18.19 The discrepancy in the 
prevalence of diabetic neuropathy has been reported in 
some studies, and its possible causes include the age 
of the population studied, time of diagnosis, control of 
blood glucose levels, the presence of peripheral arte-
rial disease, and the diagnostic methods employed.19.20 

There is also interference of the diagnostic instru-
ment, because, through the Visual Analogue Scale of 
Pain - VAS, patients graded their pain intensity. It is 
known that comorbidities are confounding factors, 
because patients may report pain without this nec-
essarily being neuropathic, thus raising results of 
prevalence, which is an important limitation of the 
present study.18-20  

The functional capacity of the participants was 
evaluated by the Canadian Occupational Performance 
Measure - COPM and indicated commitment in self-
care activities, productivity, and leisure, the latter 
with greater impairment in the IG. Similar results 
have been observed in other studies.21 Therefore, DM2 
influences functional capabilities, and hyperglycemia, 
the time of evolution of the disease, and the treatment 
in use can be aggravating factors.22.23

The International Physical Activity Questionnaire - 
IPAQ revealed that the participants are predominantly 
active, without statistically significant differences 
when comparing the practice of physical exercises 
in both groups; the less intense modalities - walking - 
were preferred; adhesion progressively decreases with 
the increase of activity intensity. This behavior differs 
from the one described in the literature regarding the 
percentage of diabetic patients adherents to physical 

activities; however, it converges regarding the type of 
activity practiced. Thus, the use of strategies that are 
simple, inexpensive, and of rapid implementation by a 
health professional is important and has an impact on the 
behavior related to physical activity in this population.24.25 

CONCLUSION

Diabetes mellitus, a disease caused by the lack of 
production or difficulty in using endogenous insulin, 
generates hyperglycemia and metabolic abnormali-
ties, causing loss of functional capacity and quality of 
life due to the development of peripheral neuropathic 
pain, retinopathy, nephropathy, anxiety, depression, 
and changes in lifestyle. Thus, emphasis should be 
given to the importance of physical exercises for the 
treatment of endocrinopathy and emotional changes.

In this study, we found that the patients on insu-
lin have, in general, greater impairment of quality of 
life, functional capacity, and socialization, and report 
greater neuropathic pain and anxious and depressive 
symptoms in relation to those who use medications.

These outcomes are explained by the greater phys-
ical and emotional discomfort from the use of insulin 
for blood glucose control, a more advanced stage of 
the disease, and a greater presence of comorbidities. 
Therefore, we must develop strategies and interven-
tion programs to promote the integral care of patients 
with DM2, from the time of diagnosis, to prevent the 
progression of the disease and its complications, con-
sidering the physical and emotional impact of each 
therapeutic option, and not just the indications based 
on the control of blood glucose levels.
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RESUMO

INTRODUÇÃO: Diabetes mellitus tipo 2 compromete física, psicológica, econômica e socialmente. 

OBJETIVOS: Identificar e comparar qualidade de vida, depressão, desempenho funcional e exercício físico em pacientes com diabetes 
mellitus tipo 2 insulinizados ou não. 
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MÉTODOS: Estudo individuado, observacional, descritivo, transversal, comparativo envolvendo 100 pacientes (50 utilizam insulina e 
50 não) em um hospital escola. Instrumentos utilizados: Ficha de Identificação e Perfil Socioeconômico; SF-36; Escala Hospitalar de 
Ansiedade e Depressão; Escala Visual Analógica de Dor; Medida Canadense de Desempenho Ocupacional e Questionário Internacional 
de Atividade Física. 

RESULTADOS: Amostra composta, predominantemente, por indivíduos de meia-idade, sexo feminino, casados, ensino fundamental 
incompleto e aposentados. Há comprometimento de todos os domínios da qualidade de vida, sendo mais intenso nos insulinizados em 
capacidade funcional, limitação por aspectos físicos, dor, aspectos sociais, limitação por aspectos emocionais e saúde mental (P<0,05). 
Importante prevalência de sintomas ansiosos ou depressivos nos grupos, principalmente nos em uso de insulina, porém a ocorrência dos 
transtornos psiquiátricos correspondentes é improvável (P<0,05). Não houve diferença significativa da DNP entre os grupos (P=0,2296). 
O prejuízo da funcionalidade é semelhante em relação a atividades de autocuidado (P=0,4494) e produtividade (P=0,5759) nos dois 
grupos, havendo maior deterioração do lazer em usuários de insulina (P=0,0091). A maioria pratica atividade física, tendo a caminhada 
a maior adesão, sem diferença significativa ao comparar os grupos (P>0,05), repetindo-se nas demais modalidades. 

CONCLUSÃO: Pacientes insulinizados apresentaram maior prejuízo da capacidade funcional e na socialização, assim como referem 
maiores dores neuropáticas e sintomas ansiosos e depressivos. 

PALAVRAS-CHAVE: Diabetes mellitus tipo 2. Insulina. Qualidade de vida. Saúde mental. terapia ocupacional. Exercício.
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INTRODUCTION

Chronic hepatitis C (CHC) infection is a serious 
global health problem that affects more than 170 mil-
lion people worldwide. According to reports, 500,000 
people worldwide die because of hepatitis C virus 
(HCV) related liver disease every year.1  The national 

prevalence of HCV should be known in order to allow 
the national healthcare authorities to prioritize pre-
ventive measures and manage the use of treatment to 
reduce resources. Hepatitis C seroprevalence is about 
1% in our country. 2  The prevalence of HCV infection 

SUMMARY

OBJECTIVE: The recent development of direct-acting antiviral agents (DAAs) has dramatically changed the treatment of chronic hepatitis 
C, and interferon-based regimes have become a poor treatment choice in clinical practice. Today DAAs offer shorter, well-tolerated, 
highly effective curative therapies. This study aimed to evaluate the effectiveness and safety of DAAs in patients with end-stage renal 
disease and HCV genotype 1 infection in real clinical practice.
METHODS: Thirty-six patients who attended our clinic, were diagnosed with chronic hepatitis C (CHC), undergoing hemodialysis, and 
fulfilled the criteria of age >18 years,  genotype 1 infection, with a detectable HCV RNA level were considered for the study. Patients 
with GT1a infection received  OBV/PTV/r plus DSV plus RBV for 12 weeks; GT1b infected patients received this regimen without RBV 
for 12 weeks.
RESULTS: The study was conducted on 33 patients. The mean age was 52.30 ±13.77 years, and 70 % of them were male. By the fourth 
week of treatment, HCV RNA levels decreased below 15 IU/ml in all patients.  Sustained virologic response (SVR) 12 rate was 100%.  
Nine patients had side effects during treatment.  Of the patients with side effects, 89.9% were in group 1a and 11.1% in group 1b.  
CONCLUSION: In this study, treatment with OBV/PTV/r and DSV with or without RBV resulted in high rates of sustained virologic 
response in HCV GT1-infected patients with end-stage renal disease (ESRD). SVR was achieved in all patients with few side effects.  
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method and administered  subcutaneously, but also 
dose adjustment is not  necessary.10

This study aimed to evaluate the effectiveness and 
safety of OBV/PTV/R plus DSV with/without ribavirin 
(RBV) in patients with ESRD and HCV genotype 1infec-
tion in real clinical practice.

METHODS
Patient selection

Thirty-six patients, who attended our clinic 
between August 2016 and May 2017, were diagnosed 
with CHC ( anti HCV positivity > 6 months), undergo-
ing hemodialysis, and fulfilled the criteria of age >18 
years,  genotype 1 infection, with a detectable HCV 
RNA level were coinsidered for the study.  

Patients with coinfection by hepatitis B virus or 
human immunodeficiency virus, non-genotype 1 infec-
tion, a history of solid organ transplantation, or on 
peritoneal hemodialysis were excluded.

At baseline, patients were tested for Anti HCV, 
HBsAg, Anti HBs, Anti HBcIGg, Anti HIV (ELISA, 
Liaison, Diasorin, Italy), HCV RNA (Roche COBAS 
TaqMan real-time reverse transcriptase-polymerase 
chain reaction assay, version 2.0, lower limit of quan-
tification<15 ıu/ml), genotype (Versant HCV Genotype 
Inno LiPA Assay, version 2.0), hemogram (Beckman 
Coulter LH780), and biochemical test (AU 5800 Beck-
man Coulter kinetical UV method).

Informed consent was obtained from all partici-
pants included in the study.

Treatment Regimen
Patients with GT1a infection received  OBV/PTV/R 

(25/150/100 mg once daily) plus DSV (250 mg twice 
daily) plus RBV (200 mg once daily) for 12 weeks; GT1b 
infected patients received this regimen without RBV 
for 12 weeks; the treatments they received for their 
additional diseases were re-adjusted.

During treatment, patients were monitored at 
1, 2, 4, 8, and 12 weeks. At each visit, HCV, RNA, 
ALT, AST, and hemoglobin levels were measured. 

STATISTICS

The analysis was performed using  IBM SPSS 
Statistics version 22.0 (IBM Corp., Armonk, New 
York, ABD). The descriptive statistics were given 
as a unit number (n), percentage (%), mean ± stan-
dard deviation (x ± ss), median (IQR). Pearson 

in patients undergoing hemodialysis is higher than in 
the general population. In our country, 8.2% of patients 
undergoing hemodialysis and  4.8 % of patients under-
going peritoneal dialysis are infected with HCV.3 

The genotype 1 is the most common and includes 
11 subgenotypes, of which 1a and 1b are responsible 
for the vast majority of infections, according to gen-
eral worldwide statistics. Genotype 1 is also the most 
common in our country.4   

Hemodialysis (HD) is one of the great risk factors 
for HCV, due to contaminated blood-blood product 
transfusions or exposure to contaminated HD equip-
ment during treatment in uncontrolled places.  Thus, 
HD patients are in risk group lists by the CDC (Center 
for disease control and prevention) and are recom-
mended to test for HCV routinely. HCV related mor-
bidity and mortality significantly increased in HD 
patients, especially in developing countries. It is well 
known that HCV is closely related to kidney function, 
approximately 10–16% of the patients with HCV infec-
tion develop renal disease.5  In HCV infected patients 
with renal dysfunction, complications increase due 
to liver disease, while chronic HCV infection contrib-
utes to deteriorating renal function. The incidence 
of cirrhosis, hepatocellular carcinoma, liver-related 
mortality, and progression to end-stage renal disease 
(ESRD) is significantly higher in HCV-infected patients 
with chronic kidney disease (CKD).6  In addition, the 
survival period is shorter in infected patients than that 
in noninfected ones.

Previously, interferon/pegylated interferon therapy 
was used in the hepatitis C treatment. Low renal clear-
ance in CKD patients caused interferon-related side 
effects and increased toxicity.7  Ribavirin was admin-
istered in this group at low doses because renal dose 
adjustment is required, and anemia is aggravated with 
ribavirin and interferon.8  For these reasons, sustained 
virologic response  (SVR) rates are also low ( 33-37%).9 

 The recent development of direct-acting antiviral 
agents (DAAs) has dramatically changed the treatment 
of CHC, and interferon-based regimes have become 
a poor treatment choice in clinical practice. Today 
the new direct-acting antiviral regimens (DAAs) offer 
shorter, well-tolerated, highly efficacious curative 
therapies. Rates of SVR approach 95%–100% for the 
treatment of HCV genotype 1 infection. Also, ombi-
tasvir (OBV), paritaprevir (PTV), ritonavir (R) and 
dasabuvir (DSV) are mainly eliminated by the liver; 
so, with DAAs, not only the oral use has advantages 
compared to IFN based therapy, which is an invasive 
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Chi-square and Ficher’s exact test were used to 
evaluate the categorical variables. Normal distribu-
tions of the quantitative variables were evaluated 
by Shapiro Wilk, normality test, and Q-Q graphs.  
Mann-Whitney U analysis was used for the normal 
distribution of the two groups, and the Independent 
Sample T-test was used for the normal distribution. 
Mann-Whitney U analysis was used in variables with 
no normal distribution. Values of p < 0.05 were con-
sidered statistically significant. 

RESULTS 

Thirty-six ESRD patients who were followed with 
the diagnosis of CHC were included in the study.  Of 
these, three patients were excluded due to death, 
missed visits, and abandoning treatment. The study 
was conducted on 33 patients. The mean age was 
52.30 ±13.77 years (22-74), and 70 % of them were 
male. All patients had been on hemodialysis for 7.6 
± 4.5years.

The mean body mass index (BMI) was 23.52 ±3.77. 
Demographics, disease characteristics, and laboratory 
values are presented in Table 1.  Thirteen patients were 
infected with genotype 1b, and 15 with genotype 1a. In 
five patients, the subtype of genotype 1 could not be 
analyzed, so it was considered as genotype 1a. 

Nineteen patients were treatment-naive, 11 patients 
had received pegylated IFN,  three had received a tela-
previr-based regimen. Of the 14 treatment-experienced 
patients, ten (seven received pegylated IFN, and three 
received a telaprevir-based regimen) had a partial 
response, and four had a virologic breakthrough. 

Before the start of direct-acting antiviral thera-
pies, median HCV RNA was 2048176±5037964 IU/mL 

FIGURE 1. VIROLOGIC RESPONSE RATES OF GENOTYPE 
1A AND 1B GROUPS.

TABLE 1. DEMOGRAGHICS AND DISEASE 
CHARACTERISTICS (MEAN±STANDART DEVIASION) 

1A 1B P-value
Age (year) 51.4±12.1 55.6±13.9 .393
BMI (kg/m2) 24.3±3.2 22.6±3.9 .282
Serum urea (mg/dl) 76.8±36.9 71.5±48.2 .744
Serum creatin (mg/dL) 6.2±2.0 5.9±1.7 .745
Hb (gr/dL) 12.9±1.5 13.8±1.5 .137
WBC (x10^3/u) 7189±2026 7897±2297 .452
ALT (U/L) 33.0±24.1 23.9±13.5 .35
AST (U/L) 26.9±18.2 25.2±12.4 .92
Total Bilirubine (mg/dL) 0.7±0.3 0.6±0.2 .46
PLT (x10^3/uL) 178±65 193±65 .539
AFP (µg/L) 5.3±3.1 2.6±1.5 .019

( BMI; Body Mass Index, Hb; hemoglobin, WBC; White Blood Cell, ALT;  Alanine ami-
notransferase, AST; aspartate aminotransferase, PLT;  Platelet, AFP; alpha-fetoprotein)

(2170- 18400000). Virologic response rates of genotype 
1a and 1b groups at baseline and weeks 1, 2, 4, and 12, 
and SVR 12 are presented in Table 2. By the fourth 
week of treatment, HCV RNA levels decreased below 
15 IU/ ml in all patients.  SVR 12 rate was 100%. 

Nine patients had side effects during treatment.  Of 
these, 89.9% were in group 1A and 11.1% in group 1B.  
Most side effects were mild, and the most common 
were fatigue, headache, arthralgia, pruritus, loss of 
appetite, and stomach pain.  Two patients had urtice-
ria, and one had scleral icterus.  During the treatment, 
total bilirubin levels were elevated in five patients for 
the first two weeks and decreased below normal limits 
in the first month. (Hyperbilirubinemia was defined 
as a total bilirubin level of >1.2 mg/dL).  During the 
follow-up, there was no elevation in aminotransferase 
levels ( > 35 U/L). Hemoglobin, leukocyte, and platelet 
counts at the 12th week after the end of treatment 
were not significantly different from the baseline val-
ues during treatment. There was no difference in the 
hemoglobin values between treatment regimens with 
or without RBV.

By the fourth week of treatment, HCV RNA levels 
decreased below 15 IU/ml in all patients.  SVR 12 rate 
was 100% ( Figure 1).

DISCUSSION

Our study showed that ombitasvir/paritaprevir/
ritonavir and dasabuvir are safe and effective in HCV 
infected CKD patients, and all patients achieved SVR 12. 

According to old literature, IFN with or without 
RBV combination used to be the standard treat-
ment for CHC. Interferon-based therapies in CKD 
patients have low efficacy, high toxicity, and poor 
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drug tolerance. Furthermore, side effects such as 
flu-like symptoms, gastrointestinal, hematological, 
psychological, and thyroid function test disorders are 
more common in comparison to patients with normal 
renal function. Ribavirin also exacerbates anemia. As 
a result, side effects lead to premature discontinuation 
of IFN-based therapy protocols.7,9-11   

 Currently, the new DAAs regimens are shorter, 
interferon-free, well-tolerated, and highly effective 
therapies.  Studies have shown that rates of SVR 
approach 95%–100% for HCV genotype 1.12-14

In the RUBY-I clinical trial, 20 treatment-naive, 
non-cirrhotic patients with stage 4 or 5 CKD and 
infected with genotype 1 were evaluated.15 Thirteen 
patients with GT1a were administered OBV/PTV/R 
and DSV, plus RBV (200 mg once daily), and seven 
patients with GT1b received this regimen without 
RBV for 12 weeks; the SVR rate reported was 90%.  In 
a study from our country performed by Torun et al. 
the efficacy and safety of combined therapy of OBV/
PTV/R and DSV, with or without ribavirin, were stud-
ied in patients who were awaiting a kidney transplant. 
Patients were divided into two groups according to the 
genotype; 3/10 were genotype 1a, 7/10 genotype 1b, 
and the reported SVR 12 rate was 100%.16 The study 
published by Etik et al. evaluated 30 CHC patients(18 
patients with ESRD and 12 kidney transplant recipi-
ents).  They reported that SVR 12  was 94% of patients 
in the ESRD group and 92% in the kidney transplant 
group.17

Sperl et all. evaluated 23 CKD patients infected 
with HCV GT1 (21 GT1b, 2 GT1a). Six of them had 

compensated liver cirrhosis.18 All patients treated with 
OBV/PTV/R and DSV ± RBV for 12 weeks achieved SVR 
12. In our study, the rate of SVR 12 was 100%. Simi-
larly, in the multicenter study carried out by Abad 
et al., 35 CKD patients infected with genotypes 1 or 
4 HCV (seven were cirrhotic) were included, and the 
SVR rate found was 100%.19 Although ribavirin was 
administered at a low dose in hemodialysis patients, 
there was no decrease in SVR rates.

Miyasaka et al. studied the effectiveness and safety 
of PTV/OBV/R  in 58 (18 were compensated liver cir-
rhosis) genotype-1 HCV infected patients.20 The SVR 
24 rate reported was 96.6%.  Adverse events occurred 
in 15 patients, but none were severe.  They reported 
that PTV/OBV/R treatment was effective and safe for 
patients who had chronic hepatitis or compensated 
hepatic cirrhosis.

We observed that the rate of side effects in geno-
type 1a was more frequent than in genotype 1b.  This 
also suggests that ribavirin is responsible for side 
effects.  Most side effects were, and the most common 
were fatigue, headache, arthralgia, pruritus, loss of 
appetite, and stomach pain.  Two patients had urti-
caria, and one had scleral icterus.  Sperl et al. reported 
that  the most common adverse events were nausea, 
hypotension, diarrhea, and hyperkalemia.18

No significant difference was observed in hemoglo-
bin, leukocyte, platelet, and aminotransferase values 
from baseline and between genotype 1a and 1b. It is 
known that ribavirin causes dose-dependent anemia; 
however, anemia was not observed in our study. That 
may be due to low-dose and short-term use. Torun et 

TABLE 2. VIROLOGIC RESPONSE RATES OF GENOTYPE 1A AND 1B GROUPS (MEDIAN - IQR)

Genotype Number Mean Median St.Deviation Minimum Maximum p
HCVRNA (IU/ml) Baseline 1A 20 2048176 248000 5037964 2170 18400000 0.828

1B 13 1716952 149000 2861566 4180 9940000
HCVRNA(IU/ml)
 1st week 

1A 10 525 .4
7.5
1479.1

0 4720 0.679

1B 5 23 .4
0
44.4

0 102

HCVRNA(IU/ml)
2nd week 

1A 12 25 0 79.6 0 277 -
1B 7 0 - - 0 0

HCVRNA (IU/ml)
4th week 

1A 17 0 0 - 0 0 -
1B 12 0 0 - 0 0

HCVRNA (IU/ml) 12th 
week

1A 20 0 0 - 0 0 -
1B 13 0 0 - 0 0

HCVRNA  (IU/ml) 
post-treatment 12th week

1A 20 0 0 - 0 0 -
1B 13 0 0 - 0 0
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al. reported that hemoglobin level, white cell blood 
count, and thrombocyte count were similar to pre-
treatment levels and  SVR12.16

 During treatment, total bilirubin levels were 
elevated in f ive patients during the f irst two 
weeks and decreased below normal limits in the 
first month.

In a study conducted by Miyasaka et al., 11 of 58 
patients had hyperbilirubinemia during treatment. 
Their focus was that no patient had  grade 3 elevated 
bilirubin levels.20

This study has several limitations; The first was 
its single-center design and the limited number of 
patients included. The second was that the fibrosis 
score was not evaluated, and treatment response of 
other genotypes was lacking; however, the most preva-
lent genotype in our country is genotype 1. Finally, the 
post-treatment  follow-up period was short to evaluate 
virologic relapse.

CONCLUSION

In this study, treatment with OBV/PTV/R and DSV, 
with or without RBV, resulted in high rates of sus-
tained virologic response in HCV GT1-infected patients 

with ESRD. SVR was achieved in all patients with few 
side effects.

All HD patients infected with HCV  should neces-
sarily be treated if there is no contraindication since 
they are candidates for renal transplantation, and it 
is important to prevent HCV complications, such as 
rejection, proteinuria, diabetes, infection, glomerulop-
athy associated with HCV, and liver complications in 
the post-transplant period. 
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RESUMO

O recente desenvolvimento de agentes antivirais de ação direta (DAAs) mudou drasticamente o tratamento da hep-
atite C crônica, e os regimes livres de interferon tornaram-se pobres escolhas para tratamento na prática clínica.  
Hoje os DAAs oferecem terapias curativas mais curtas, bem toleradas e altamente eficazes. O objetivo deste estudo foi avaliar a eficácia 
e segurança dos DAAs em pacientes com doença renal em estágio terminal e infecção pelo genótipo 1 do HCV na prática clínica real.

MÉTODOS: Trinta e seis pacientes, que se inscreveram em nossa clínica com diagnóstico de hepatite C crônica (CHC), inclusive no 
programa de hemodiálise, e preencheram os critérios de idade >18 anos, foram considerados para infecção pelo genótipo 1 com nível 
detectável de RNA do HCV. Os pacientes com infecção por GT1a receberam OBV/PTV/r mais DSV mais RBV por 12 semanas. Os 
pacientes infectados com GT1b receberam este regime sem RBV por 12 semanas.

RESULTADOS: O estudo foi realizado em 33 pacientes. A idade média foi de 52,30±13,77 anos e 70% deles eram do sexo masculino. Na 
semana 4 do tratamento, os níveis de ARN do VHC diminuíram para menos de 15 UI/ml em todos os pacientes. A taxa de resposta 
virológica sustentada (RVS) 12 foi de 100%. Nove pacientes apresentaram efeitos colaterais durante o tratamento. Dos pacientes com 
efeitos colaterais, 89,9% estavam no grupo 1a e 11,1% no grupo 1b.

CONCLUSÃO: Neste estudo, o tratamento com OBV/PTV/r e DSV com ou sem RBV resultou em altas taxas de resposta virológica sus-
tentada em pacientes infectados pelo VGC GT1 com doença renal em estágio final (ESRD). A RVS foi alcançada em todos os pacientes 
com poucos efeitos colaterais.

PALAVRAS-CHAVE: Hepatitícos C. Doença renal em estágio terminal. Resposta virológica sustentada.



TATAR, B. ET AL

1475 REV ASSOC MED BRAS 2019; 65(12):1470-1475

REFERENCES
1.	 Ghany MG, Strader DB, Thomas DL, Seeff LB; American Association for 

the Study of Liver Diseases. Diagnosis, management, and treatment of 
hepatitis C: an update. Hepatology. 2009;49(4):1335-74.  

2.	 Gower E, Estes C, Blach S, Razavi-Shearer K, Razavi H. Global epidemiol-
ogy and genotype distribution of the hepatitis C virus infection. J Hepatol. 
2014;61(1 Suppl):S45-57.

3.	 Altuglu I, Soyler I, Ozacar T, Erensoy S. Distribution of hepatitis C 
virus genotypes in patients with chronic hepatitis C infection in Western 
Turkey. Int J Infect Dis. 2008;12(3):239-44.

4.	 Messina JP, Humphreys I, Flaxman A, Brown A, Cooke GS, Pybus OG, 
et al. Global distribution and prevalence of hepatitis C virus genotypes. 
Hepatology. 2015;61(1):77-87.

5.	 Lens S, Rodriguez-Tajes S, Llovet LP, Maduell F, Londoño MC. Treating 
hepatitis C in patients with renal failure. Dig Dis. 2017;35(4):339-46. 

6.	 Lee JJ, Lin MY, Chang JS, Hung CC, Chang JM, Chen HC, et al. Hepatitis C 
virus infection increases risk of developing end-stage renal disease using 
competing risk analysis. PLoS One. 2014;9(6):e100790.  

7.	 Russo MW, Goldsweig CD, Jacobson IM, Brown RS Jr. Interferon monother-
apy for dialysis patients with chronic hepatitis C: an analysis of the literature 
on efficacy and safety. Am J Gastroenterol. 2003;98(7):1610-5.

8.	 Bunchorntavakul C, Maneerattanaporn M, Chavalitdhamrong D. Man-
agement of patients with hepatitis C infection and renal disease. World J 
Hepatol. 2015;7(2):213-25.

9.	 Fabrizi F, Dulai G, Dixit V, Bunnapradist S, Martin P. Meta- analysis: inter-
feron for the treatment of chronic hepatitis C in dialysis patients. Aliment 
Pharmacol Ther. 2003;18(11-12):1071-81.  

10.	 Gordon CE, Uhlig K, Lau J, Schmid CH, Levey AS, Wong JB. Interferon 
treatment in hemodialysis patients with chronic hepatitis C virus infection: 
a systematic review of the literature and meta-analysis of treatment efficacy 
and harms. Am J Kidney Dis. 2008;51(2):263-77. 

11.	 Alavian SM, Tabatabaei SV. Meta-analysis of factors associated with 
sustained viral response in patients on hemodialysis treated with stan-
dard or pegylated interferon for hepatitis C infection. Iran J Kidney Dis. 
2010;4(3):181-94.

12.	 Pawlotsky JM. New hepatitis C therapies: the toolbox, strategies, and chal-
lenges. Gastroenterology. 2014;146(5):1176-92. 

13.	 Ferenci P. Treatment of hepatitis C in difficult-to-treat patients. Nat Rev 
Gastroenterol Hepatol. 2015;12(5):284-92. 

14.	 Muñoz-Gómez R, Rincón D, Ahumada A, Hernández E, Devesa MJ, Izqui-
erdo S, et al. Theray with ombitasvir/paritaprevir/ritonavir plus dasabuvir 
is effective and safe for the treatment of genotypes 1 and 4 hepatitis C virus 
(HCV) infection in patients with severe renal impairment: a multicentre 
experience. J Viral Hepat. 2017;24(6):464-71.

15.	 Pockros PJ, Reddy KR, Mantry PS, Cohen E, Bennett M, Sulkowski MS, et 
al. Efficacy of direct-acting antiviral combination for patients with hepatitis 
C virus genotype 1 ınfection and severe renal ımpairment or end-stage renal 
disease. Gastroenterology. 2016;150(7):1590-8.  

16.	 Torun D, Soydas B, Tekkarısmaz N, Ozelsancak R, Mıcozkadıoglu H, 
Haberal M. Experience with antiviral agents for treatment of hepatitis C 
virus infection in hemodialysis patients on the kidney wait list. Hemodial 
Int. 2019;23(3):E78-E82.  

17.	 Özer Etik D, Suna N, Öcal S, Selçuk H, Dağlı Ü, Çolak T, et al. Successful 
treatment with direct-acting antiviral agents of hepatitis C in patients with 
end-stage renal disease and kidney transplant recipients. Exp Clin Trans-
plant. 2019;17(1):52-8.

18.	 Sperl J, Kreidlova M, Merta D, Chmelova K, Senkerikova R, Frankova S. 
Paritaprevir/ritonavir/ombitasvir plus dasabuvir regimen in the treatment 
of genotype 1 chronic hepatitis C ınfection in patients with severe renal 
ımpairment and end-stage renal disease: a real-life cohort. Kidney Blood 
Press Res. 2018;43(2):594-605.

19.	 Abad S, Vega A, Hernández E, Mérida E, Sequera P, Albalate M, et al. 
Universal sustained viral response to the combination of ombitasvir/pari-
taprevir/ritonavir and dasabuvir with/without ribavirin in patients on hemo-
dialysis ınfected with hepatitis C virus genotypes 1 and 4. Am J Nephrol. 
2017;45(3):267-72.

20.	Miyasaka A, Yoshida Y, Yoshida T, Murakami A, Abe K, Ohuchi K, et al. 
The real-world efficacy and safety of ombitasvir/paritaprevir/ ritonavir for 
hepatitis C genotype 1. Intern Med. 2018;57(19):2807-12.

https://www.sciencedirect.com/science/article/pii/S1201971207001543#!
https://www.sciencedirect.com/science/article/pii/S1201971207001543#!
https://www.sciencedirect.com/science/article/pii/S1201971207001543#!
https://www.sciencedirect.com/science/article/pii/S1201971207001543#!
https://www.ncbi.nlm.nih.gov/pubmed/?term=Messina JP%5BAuthor%5D&cauthor=true&cauthor_uid=25069599
https://www.ncbi.nlm.nih.gov/pubmed/?term=Flaxman A%5BAuthor%5D&cauthor=true&cauthor_uid=25069599
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cooke GS%5BAuthor%5D&cauthor=true&cauthor_uid=25069599
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pybus OG%5BAuthor%5D&cauthor=true&cauthor_uid=25069599
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hung CC%5BAuthor%5D&cauthor=true&cauthor_uid=24971499
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen HC%5BAuthor%5D&cauthor=true&cauthor_uid=24971499
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hern%C3%A1ndez E%5BAuthor%5D&cauthor=true&cauthor_uid=27976490
https://www.ncbi.nlm.nih.gov/pubmed/?term=Devesa MJ%5BAuthor%5D&cauthor=true&cauthor_uid=27976490
https://www.ncbi.nlm.nih.gov/pubmed/?term=Izquierdo S%5BAuthor%5D&cauthor=true&cauthor_uid=27976490
https://www.ncbi.nlm.nih.gov/pubmed/?term=Izquierdo S%5BAuthor%5D&cauthor=true&cauthor_uid=27976490
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohen E%5BAuthor%5D&cauthor=true&cauthor_uid=26976799
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bennett M%5BAuthor%5D&cauthor=true&cauthor_uid=26976799
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sulkowski MS%5BAuthor%5D&cauthor=true&cauthor_uid=26976799


1476REV ASSOC MED BRAS 2019; 65(12):1476-1481

Reducing overcrowding in an emergency 
department: a pilot study

Fábio Ferreira Amorim1

Karlo Jozefo Quadros de Almeida1

Sanderson Cesar Macedo Barbalho2

Vanessa de Amorim Teixeira Balieiro1

Arnaldo Machado Neto1

Guilherme de Freitas Dias1

Levy Aniceto Santana1

Cristhiane Pinheiro Teixeira Gico de Aguiar3

Cláudia Cardoso Gomes da Silva1

Sriram Dasu4

1. Escola Superior de Ciências da Saúde, Brasília, DF, Brasil.
2. Universidade de Brasília, Brasília (DF). Centro de Apoio e Desenvolvimento Tecnológico - Campus Universitário Darcy Ribeiro, Brasília, DF, Brasil.

3. Secretaria de Estado de Saúde do Distrito Federal, Brasília, DF, Brasil.
4. University of Southern California, USA.

http://dx.doi.org/10.1590/1806-9282.65.12.1476

DATE OF SUBMISSION: 07-Dec-2018 
DATE OF ACCEPTANCE: 31-Maar-2019
CORRESPONDING AUTHOR: Fabio Amorim 
SMHN Quadra 03, conjunto A, Bloco 1 - 71908000 - Brasilia, DF, Brasil
E-mail: ffamorim@gmail.com

SUMMARY

OBJECTIVE: Exploring the use of forecasting models and simulation tools to estimate demand and reduce the waiting time of patients 
in Emergency Departments (EDs).

METHODS: The analysis was based on data collected in May 2013 in the ED of Recanto das Emas, Federal District, Brasil, which uses 
a Manchester Triage System. A total of 100 consecutive patients were included: 70 yellow (70%) and 30 green (30%). Flow patterns, 
observed waiting time, and inter-arrival times of patients were collected. Process maps, demand, and capacity data were used to build 
a simulation, which was calibrated against the observed flow times. What-if analysis was conducted to reduce waiting times.

RESULTS: Green and yellow patient arrival-time patterns were similar, but inter-arrival times were 5 and 38 minutes, respectively. Wait-
time was 14 minutes for yellow patients, and 4 hours for green patients. The physician staff comprised four doctors per shift. A simulation 
predicted that allocating one more doctor per shift would reduce wait-time to 2.5 hours for green patients, with a small impact in yellow 
patients’ wait-time. Maintaining four doctors and allocating one doctor exclusively for green patients would reduce the waiting time 
to 1.5 hours for green patients and increase it in 15 minutes for yellow patients. The best simulation scenario employed five doctors per 
shift, with two doctors exclusively for green patients.

CONCLUSION: Waiting times can be reduced by balancing the allocation of doctors to green and yellow patients and matching the avail-
ability of doctors to forecasted demand patterns. Simulations of EDs’ can be used to generate and test solutions to decrease overcrowding.

KEYWORDS: Time Management, Emergency Medical Services, Computer Simulation, Health Services Needs and Demand, 
Patient Satisfaction.
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and their respective levels of urgency are as follows: 
red, immediate care by a physician (0 minutes); 
orange, very urgent (10 minutes); yellow, urgent 
(60 minutes); green, standard care (2 hours); blue, 
non-urgent care (4 hours).8

The following method was employed in this study.

Step A - Data collection: In this step, the following 
information was collected

1) Mapping of the general process of patient flows 
for yellow and green levels (figure 1); 

2) Collection of arrival and processing times. This 
was done over six consecutive days.

3) Availability of physicians. This information was 
obtained from physicians’ work schedules

Step B: Model development and validations
The data collected was used to develop 

the following:
Flow patterns of patients through the ED for each 

patient class (MTS color),
Observed waiting time in the ED (the length of time 

when the patient is waiting for a physician),
 Inter-arrival times (the time-gap between arrivals 

of two consecutive patients in the ED), and the distri-
bution of the number of arrivals during the period of 
a day were determined (figure 2).

The process maps, demand, and capacity data were 
used to build a simulation tool in Simul8.

The simulation output was calibrated against the 
observed flow times, and what-if analyses were con-
ducted to reduce waiting times

INTRODUCTION

The primary concern of (medical) emergency 
departments (EDs) is the ability to provide timely and 
effective care.1-5 However, the operations of EDs are 
highly complex, and the ability of the staff to provide 
good care is affected by many factors. Overcrowding is 
one such factor and a very common problem that EDs 
face worldwide. It reduces the quality of care, worsens 
the work environment, increases the time necessary 
to initiate appropriate patient treatment, and raises 
the cost of the healthcare system.1-3,6

The number of patients entering EDs at a given 
time is the greatest factor influencing wait-times for 
an initial consultation, as well as an individual’s total 
time in an ED. The performance of the ED can also be 
exacerbated by other factors such as the mismanage-
ment of patient flows, lack of access to inpatient beds, 
demand from patients for specialized care instead of 
primary care, absence of or reduced access to primary 
care, and structural failure of the healthcare system 
to manage population health.2,6,7

While overcrowding is a widespread problem, it 
follows a predictable pattern—across hours, days, 
weeks, months, and seasons—of patients arriving at 
EDs.2 With the capabilities of information technology, 
it is possible to both understand this pattern and build 
simulation tools that can assist managers of health-
care systems. These tools can predict demand and 
wait times, which would help managers plan human 
resources and alter processes and patient flows to 
improve the quality of care while respecting budget 
constraints. Furthermore, these tools can be used 
to train staff and inform patients, thereby further 
improving the performance of EDs.1,2,4,6

The main purpose of this study was to build a fore-
casting model and a simulation tool that would predict 
the demand and waiting time of patients in an ED, 
assist in human resource planning, process design, 
guide educational strategies for staff, and improve the 
decision-making processes of healthcare managers.

METHODS

This study is based on data collected in May 
2013 in the ED of Recanto das Emas, Federal Dis-
trict, Brasil, which is a public ED of the Brazilian 
Single Health System (SUS). The Manchester Triage 
System (MTS) was used to triage patients. In the 
MTS, different colors indicate the level of urgency 
and its associated maximum wait time. The colors 

FIGURE 1. MAPPING OF THE GENERAL PROCESS OF 
PATIENT FLOWS FOR YELLOW AND GREEN LEVELS IN 
THE EMERGENCY DEPARTMENT OF RECANTO DAS 
EMAS, FEDERAL DISTRICT, BRASIL.
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RESULTS

The process maps and the simulation tool yielded 
the following findings. (figure 1):

1.	 Entry to the System: After a patient enters the 
system, they register at the front desk, where 
administrators and a nurse are present. That 
nurse’s function is to identify emergency care 
patients that should be taken directly to the 
“red room” where a “red doctor” works as a 
dedicated resource. Other walk-in patients 
wait an average of 20 minutes before being fur-
ther triaged by a nurse practitioner. The nurse 
assesses the MTS level and routes the patient.

2.	 Initial Triage and Perceived Lack of Progress: 
Of approximately 300 patients per day that 
enter the UPA system, approximately 210 
patients are green, approximately 35 are yel-
low, and the remainder are blue, orange, or 
red patients. Green patients get classified and, 

instead of moving forward to the Post-Clas-
sification Waiting Area, they return to the 
Waiting Area #1 or #2. The area allocated to 
green patients is small, leading to crowding. 
The green patients feel they are not moving 
through the system, which leads them to 
believe they are not important.

3.	 Consultations with a Physician and Delays: 
For each 8-hour shift, there are six doctors 
on call. One is dedicated to pediatrics. One is 
dedicated to the red-level. One is dedicated to 
yellow patients in the “yellow room” (patients 
with more urgent needs, staying in the sys-
tem, or in need of a transfer to the hospital). 
The three remaining doctors are stationed in 
the Classification Doctors Office area. These 
three doctors diagnose patients after classifi-
cation and control the flow subsequently in 
the system. Due to the priority label given to 

FIGURE 2. DISTRIBUTION OF THE NUMBER OF ARRIVALS DURING THE DAY AND TIME SPENT 
DURING A CONSULTATION FOR YELLOW AND GREEN LEVELS IN THE EMERGENCY DEPARTMENT 
OF RECANTO DAS EMAS, FEDERAL DISTRICT, BRASIL.

(a) Distribution of the number of arrivals during the day and the time spent during a consultation for yellow and green levels, (b) time spent during a con-
sultation for green level, and (c) time spent during a consultation for yellow level.
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yellow patients, green patients may, on aver-
age, spend to up to two hours waiting to see 
a doctor, and four hours in the system, while 
yellow patients typically get seen within 20 
minutes and move through the system at a 
quicker rate.

To address the problems identified above, the fol-
lowing solutions were proposed.

1.	 Initial Triage and Lack of Progress: One pos-
sible solution to address green patients’ dis-
satisfaction is to create a dual-door system out 
of the nurse’s Classification Office. The entry 
and exit doors would be different, as would 
in the waiting area. This could create a sense 
of progress.

2.	 Consultation with a Physician and Delays: 
The number of arrivals per hour was deter-
mined across all six days for green and yellow 
patients separately. The data shows that the 
arrival patterns according to the time of the 
day, both for yellow and green levels. The study 
included 100 consecutive patients: 70 yellow 
patients (70.0%) and 30 green patients (30%). 
The data shows that green and yellow patient 
hourly arrival patterns are similar across all 
days. For yellow patients, 9:00-11:00 a.m. was 
the peak arrival time, and 8:00-10:00 a.m. was 
the peak arrival time for green patients (figure 
2).

The mean inter-arrival time was 38 minutes for 
yellow patients, and 5 minutes for green patients. In 
the period of the study, the ED had a physician staff 
of four doctors per shift, at all times. The mean wait-
time was 14 minutes for yellow patients, and 4 hours 
for green patients (table 1). The time spent during a 
consultation with a doctor was 4.3 minutes for yellow 
patients and 4.1 minutes for green patients (figure 2).

A simulation model was built to conduct what-if 
analysis. The alternatives considered were (a) adding 
more physicians and (b) changing priorities.

(a) Adding an extra physician: The simulation 
model predicts that allocating one more doctor per 
shift (i.e., five doctors per shift) would be associated 
with a reduction in the average wait-time of 2.5 hours 
for green patients, as well as a small reduction in the 
average wait-time for yellow patients.

(b) Retaining the same 4 physicians but dedicating 
one to the green area: maintaining four doctors and 

allocating one exclusively for green patients would be 
associated with a reduction in the average waiting time 
of 1.5 hours for green patients and an increase in the 
average waiting time of 15 minutes for yellow patients,

(c) Adding an extra physician and dedicating two to 
the green area: this scenario employed five doctors per 
shift with two doctors allocated exclusively for green 
patients. In this scenario, the average waiting time was 
reduced to 2.8 hours for green patients and increased 
by 7 minutes for yellow patients (table 1).

TABLE 1. SIMULATION MODEL USED TO CONDUCT 
WHAT-IF ANALYSIS IN THE EMERGENCY DEPARTMENT 
OF RECANTO DAS EMAS, FEDERAL DISTRICT, BRASIL.

4 
Ph

ys
ici

an
s No Dedicated “Green” Doctor 

(Status Quo)
1 Dedicated “Green” Doctor

Yellow waiting time: 14 min Yellow waiting time: 29 min

Green waiting time: 4 hours Green waiting time: 2.5 hours
5 

Ph
ys

ici
an

s No Dedicated “Green” Doctor 2 Dedicated “Green” Doctors

Yellow waiting time: 15 min Yellow waiting time: 21 min

Green waiting time: 1.5 hours Green waiting time: 1.2 hours

Assumption:
•	 80/20 split: 80% of green patients go to dedicated green 

doctors
•	 Inter-arrival time: “green” every 5 minutes vs. “yellow” every 

38 minutes
•	 Average doctor consultation time: 10 minutes for both “green” 

& “yellow” patients

DISCUSSION

The performance of healthcare services is under 
constant scrutiny. A dramatic increase in EDs visit 
rates—a global phenomenon—has led to overcrowding, 
long waiting times, and delays in critical treatments. 
This has become a major problem for health care 
managers, as a patient’s wait-time is one of the most 
important factors in health care management and 
a great determinant of patients’ satisfaction.2,3-6,10,11 

Because of this, the need for improvement in EDs 
with regards to overcrowding and patient satisfaction 
is broadly accepted.9 Data-driven analysis has been 
used successfully to improve patient flow in EDs. The 
resulting improvements consist of optimal provision-
ing of available resources.12 Healthcare managers can 
adjust staffing and flow rules based on the observed 
patterns and experience substantial improvement in 
the ED’s performance.1,2,4,6,9,12

 In this study, we used sample data to model the 
arrival rates, flow patterns, and processing times. This 
was used to set up a simulation model that can pre-
dict the impact of different staffing and flow control 
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rules on the wait-time in the ED for different patient 
classes. This enables healthcare managers to generate 
and evaluate solutions to improve the current over-
crowding situation under different scenarios.

In the present study, although yellow patients were 
being seen within the wait-time recommended by the 
MTS, the average wait-time for green patients was 
twice as long as recommended by the MTS. A simu-
lation tool was used to evaluate solutions that would 
reduce the waiting time for green patients. The most 
effective solution, which ensured no increase in the 
waiting time for yellow patients and brought the green 
waiting time down to conformance levels, employed 
five doctors per shift with two of those doctors allo-
cated exclusively for green patients.8 This analysis 
brings into sharp focus the trade-offs between the 
cost of additional resources and improved patient 
experience. 

If increasing the staff to five doctors is not pos-
sible, the simulation tool suggests that allocating a 
single doctor exclusively for green patients would be 
associated with a reduction in the average wait-time 
of 1.5 hours for green patients, while maintaining the 
wait-time for yellows patients under 60 minutes—the 
maximum waiting time suggested by MTS.8 The anal-
ysis also shows that priority rules can also alter the 
performance. In other words, even without adding 
resources, by managing the flows carefully, it is possi-
ble to yield significant improvements. This illustrates 
the importance of using data to develop optimal flow 
management rules, especially in budget-constrained 
environments where adding resources is not feasible.

Ideally, the human resources of an ED need to 
match the workload as dictated by patients’ arriv-
al-time patterns.1,2,6,13 . A mismatch between the arrival 
rates of patients and the number of employees on staff 
can be a major contributing factor to overcrowding 
and prolonged wait-times in EDs.1,6,13 . In this study, 
a pattern of patients’ arrival time was observed with 
peaks in the morning and trough at night. This pattern 
is similar to that of other studies.6,14-16 The patients’ 
arrival pattern suggests that the relocation of one 
doctor from the night-shift to the day-shift could also 
improve the wait-time without requiring additional 
human resources.

One of the main limitations of the study is its small 
sample size and short duration. Indeed, it should be 
highlighted that having a simulation tool and imple-
menting it to alter clinical practice are two different 
things. In this case, this tool has only been tested in 

simulation scenarios and, consequently, the research-
ers will need to determine if it has an impact on clini-
cal care. The next step is to apply the simulation tool 
as an automated system to predict wait-times and to 
manage patient flow on a real-time basis in an ED. 
In this case, the patients would be able to see the 
ED waiting times online. This information can help 
patients arrive at the ED during less-crowded hours.17 
Reduced waiting times not only increase patient satis-
faction but will also enhance patient safety. Previous 
studies have shown an association between ED over-
crowding and an increase in patients departing from 
the EDs without being seen by a physician, as well as 
adverse events such as medication errors and infection 
transmissions.18-22

CONCLUSION

Data-driven analysis can be used to assist health-
care managers in providing solutions to improve the 
current overcrowding situation. Data can be used to 
carefully balance resource availability with patient 
arrivals. This may entail changing staffing levels and 
rules used to manage flows. For example, the most 
effective of the different scenarios to reduce the 
extremely high wait-times for green patients —with-
out increasing the wait-times for yellow patients—was 
to employ five doctors per shift, with two of those 
doctors allocated exclusively for green patients. Also, 
shifting some capacity from relative slow evening peri-
ods to busier mornings can sharply reduce waiting 
times. Overcrowding can also be reduced by influenc-
ing arrival patterns. For example, a real-time tool that 
predicts waiting times can be used to inform patients. 
This, in turn, can cause the peak load to dissipate.

We observed some fragilities of the system that 
impact the patients’ perception of their value. This 
example illustrates that patient satisfaction can also 
depend on subjective factors. As discussed, one possi-
ble solution to improve patient experience is to create 
a dual-door system at the nurse’s Classification Office. 
This would help patients feel that they are moving 
forward in the system, and therefore are important.

This work shows that data analysis can facili-
tate optimal staffing and management of flows. In 
resource-constrained environments where adding 
resources is not easy, optimal usage of staff is crucial. 
Balancing the scheduling of available doctors to hourly 
demand patterns and allocating the right number of 
doctors to green and yellow patients can diminish 
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RESUMO 

OBJETIVO: Avaliar a frequência e a gravidade de erros em prescrições envolvendo medicamentos potencialmente perigosos (heparina e 
cloreto de potássio concentrado injetável) antes e após a introdução de um sistema de prescrição eletrônica.

MÉTODOS: Trata-se de estudo retrospectivo que comparou erros em prescrições manuais e pré-digitadas de 2007 (Fase 1) com prescrições 
eletrônicas de 2014 (Fase 2) (total = 1.028 prescrições), em dois hospitais de alta complexidade de Belo Horizonte.

RESULTADOS: Foi observado no hospital 1 aumento de 25% dos erros depois da intervenção (p<0,001), e no hospital 2 foi verificada redução 
de 85% (p<0,001). Para o cloreto de potássio, a frequência de erros permaneceu a mesma no hospital 1 (p>0,05), independentemente da 
fase e, no hospital 2, ocorreu redução significativa na fase 2 (p<0,001). Foi identificada redução da gravidade dos erros com a heparina 
(p<0,001), mas não houve alteração na gravidade dos erros com cloreto de potássio (p>0,05).

CONCLUSÕES: A frequência e a gravidade dos erros de medicação após a introdução de prescrição eletrônica foram impactadas de forma 
diferente nos dois hospitais, demonstrando necessidade de observação criteriosa quando o sistema de prescrição é modificado. Durante 
e após a implantação dessa tecnologia, deve existir controle dos novos erros potenciais introduzidos e suas causas para a adoção de 
medidas de prevenção desses eventos.

PALAVRAS-CHAVE: Segurança do paciente. Prescrição eletrônica. Erros de medicação. Prescrições de medicamentos.

waiting times and improve patient safety, even with-
out increasing staffing levels. Hence, the analysis also 
illustrates the importance of leveraging data and creat-
ing digitally ready emergency departments, especially 
in resource-constrained environments.
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INTRODUCTION
Over the past decades, traffic-related deaths and 

injuries have become an important global public health 
problem. In 2016 alone, 1.35 million people died world-
wide due to traffic accidents, and the mortality rate is 
three times higher in low-income countries1.

In that same year, 37,345 deaths were reported 
due to traffic accidents in Brasil, with a rate of 

18.1/100,000 inhabitants. Of these, 32% involved two- 
or three-wheel vehicles1. It is estimated that the risk 
of a fatal outcome in a motorcycle accident is 20 times 
higher than in car accidents2.

In 2008, in an attempt to reduce the number of 
traffic accidents, Law no. 11,705, popularly known 
as “Lei Seca”, was enacted. Assessing the impact of 

SUMMARY

OBJECTIVE: To analyze the epidemiological profile and the Spatio-temporal distribution of mortality in motorcycle accidents in Alagoas 
before (2001-2007) and after the “Lei seca” (2008-2015).

METHODS: This is a mixed ecologic study. All deaths in the state with the codes V20-V29 (ICD-10) as the basic cause were included in the 
study. Sociodemographic variables and mortality rates per sex were analyzed. For the temporal analysis, the inflection point regression 
model was used. For spatial analysis, the rates were smoothed by the Local Empirical Bayesian Model and, subsequently, the Global 
and Local Moran statistic was used to identify the spatial clusters of risk.

RESULTS: There were 1458 deaths caused by motorcycle accidents in the period studied; the following characteristics about the victims 
stand out: male (91.29%), economically active age (82.93%), and brown race (78.12%). In the male population, there was a growth trend 
between 2001 and 2007 (19.0%, p<0.001), and a decline from 2008 (-11.2%, p<0.001). Spatial modeling showed that the areas with the 
highest risk of mortality are located in the agreste and sertão of the state (p = 0.01).

CONCLUSION: Mortality in motorcycle accidents is an important public health problem in Alagoas, with an emphasis on male mortality 
and geographic concentration within the state.
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regression model6. The trends were classified as sta-
tionary, ascending, or descending, and the Annual 
Percentage change (APC) and the Average Annual 
Percent Change (AAPC) were calculated. We adopted 
a significance of 5% and a confidence interval of 95%.

Then, spatial analysis was conducted. Initially, 
we applied the local empirical Bayes model to the 
mortality rates to give greater stability to the data. 
After that, the spatial dependence of the indicators 
was evaluated using the statistic of the global Moran’s 
statistic and the pseudo-significance test. Once global 
spatial dependency was observed, we applied the Local 
Index of Spatial Association - Lisa. From the Lisa, each 
municipality was placed in one quadrant of the Moran 
scatter plot: Q1 - High/high (positive values and posi-
tive means), Q2 - low/low (negative values and nega-
tive means), Q3 - high/low values (positive values and 
negative means), and Q4 - low/High (negative values 
and positive means). Based on the results obtained, the 
thematic maps were built to identify spatial clusters of 
higher risk of deaths7. For the analyses, we used the 
Terra View 4.2.2, QGis 2.14.11, and Joinpoint Regres-
sion Program 4.5.0.1 software.

Since the study used secondary data from informa-
tion systems of public domain, it was waived approval 
by the Research Ethics Committee.

RESULTS

Between 2001 and 2015, 1,458 deaths were 
recorded due to motorcycle accidents in the state of 
Alagoas, 1,331 (91.29%) of the victims were males, 
39.09% (n=570) aged between 20 and 29 years, and 
78.12% (n=1139) of mixed race. There was a predom-
inance of deaths in hospital units (50.34%; n=734), 
followed by on public roads (44.58%; n=650) (Table 
1); 50.14% (n=731) of deaths resulted from transport 
accidents without collision (Table 1).

The mortality rate in the period was 3.06 
deaths/100 thousand inhabitants (5.69/100,000 for 
men, and 0.52/100,000 for women). In the period prior 
to the Lei Seca (2001-2007), there was a statistically 
significant growth of overall mortality (APC 18.9%; 
p<0.001) and among males (APC 19.0%; p<0.001). In 
the period after the law went into force (2008-2015), 
there was a trend reversal, with a decline of -11.3% 
(p<0.001) in the overall mortality and -11.2% (p<0.001) 
among men. Among women, the behavior was con-
stant in both periods (Table 2).

The spatial distribution showed expansion of 

the legislation on the temporal and spatial pattern of 
traffic mortality is imperative for public health and 
safety3.4, in view of the magnitude of the problem and 
the need to understand the phenomenon in different 
geographical regions of the country and identify pri-
ority areas for intervention4.

Considering alcohol as the main risk factor for 
traffic mortality and the motorcyclist population as 
the most vulnerable, this study aimed to analyze the 
epidemiological profile and the Spatio-temporal distri-
bution of mortality in motorcycle accidents in Alagoas 
before (2001-2007) and after the Lei Seca (2008-2015).

METHODS

This is a mixed ecologic study. This work was car-
ried out in Alagoas, considering the period 2001-2015. 
The temporal series was subdivided into two, and 
the temporal milestone adopted was the year 2008, 
when the law entered into force. The state comprises 
102 municipalities and a population of over 3 million 
inhabitants; it is the most densely populated area in 
the Northeast Region (112.13 inhabitants/km²)5.

We included all deaths due to transport accidents 
involving motorcycles and tricycles (driver/passenger), 
considering ICD-10, codes V20-V29: V20 - Motorcycle 
rider injured in collision with pedestrian or animal; 
V21 - Motorcycle rider injured in collision with pedal 
cycle; V22 - Motorcycle rider injured in collision with 
two- or three-wheeled motor vehicle; V23 - Motorcycle 
rider injured in collision with car, pick-up truck or van; 
V24 - Motorcycle rider injured in collision with heavy 
transport vehicle or bus; V25 - Motorcycle rider injured 
in collision with railway train or railway vehicle; V26 - 
Motorcycle rider injured in collision with other nonmo-
tor vehicle; V27 - Motorcycle rider injured in collision 
with fixed or stationary object; V28 - Motorcycle rider 
injured in noncollision transport accident V29 - Motor-
cycle rider injured in other and unspecified transport 
accidents - NE. These data were obtained from the Mor-
tality Information System (SIM) from the Datasus plat-
form (http://datasus.saude.gov.br/).

Sociodemographic variables were collected in 
order to characterize the population studied: sex, age, 
race/color, formal education, marital status, place of 
death, and the ICD category. These variables were 
subjected to descriptive analysis. Then, the mortality 
rates in the general population and according to sex 
were calculated.

For the temporal analysis, we used the joinpoint 
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TABLE 1. SOCIODEMOGRAPHIC CHARACTERISTICS OF DEATHS FROM MOTORCYCLE 
TRAFFIC ACCIDENTS. ALAGOAS, BRASIL, 2001-2015 (N=1,458).

Variable
Male
1,331 (91.29%)

Female
127 (8.71%)

Total
1,458 (100.0%)

n % n % n %
Age range
      < 10 years 4 0.31 1 0.79 5 0.35
      10 a 14 14 1.05 4 3.15 18 1.23
      15 a 19 140 10.52 20 15.75 160 10.97
      20 a 29 523 39.29 47 37.01 570 39.09
      30 a 39 319 23.97 28 22.05 347 23.80
      40 a 49 196 14.73 11 8.66 207 14.20
      50 a 59 78 5.86 7 5.51 85 5.84
      60 or more 57 4.29 9 7.09 66 4.52
Race/color
      White 96 7.21 17 13.39 113 7.75
      Black 16 1.20 2 1.57 18 1.23
      Yellow 2 0.15 1 0.79 3 0.21
      Brown 1,050 78.89 89 70.08 1,139 78.12
      Indigenous 1 0.08 0 0.00 1 0.07
      Ignored 166 12.47 18 14.17 184 12.62
Years of formal education
      None 19 1.43 2 1.57 21 1.44
      1 to 3 years 48 3.61 2 1.57 50 3.43
      4 to 7 years 182 13.67 16 12.60 198 13.58
      8 to 11 years 70 5.26 9 7.09 79 5.42
      12 or more 7 0.53 0 0.00 7 0.48
      Ignored 1,005 75.51 98 77.17 1103 75.65
Site
      Hospital 667 50.11 67 52.76 734 50.34
      Other health establishments 4 0.30 0 0.00 4 0.27
      Home 15 1.13 1 0.79 16 1.10
      Public Road 594 44.63 56 44.09 650 44.58
      Others 51 3.83 3 2.36 54 3.71
ICD-10 Category
      V20 10 0.75 0 0.00 10 0.69
      V21’ - - - - - -
      V22 18 1.35 1 0.79 19 1.30
      V23 82 6.16 14 11.02 96 6.58
      V24 30 2.25 4 3.15 34 2.33
      V25’ - - - - - -
      V26 11 0.83 0 0.00 11 0.75
      V27 15 1.13 1 0.79 16 1.10
      V28 674 50.64 57 44.88 731 50.14
      V29 491 36.89 50 39.37 541 37.11

Legend: V20 - Motorcycle rider injured in collision with pedestrian or animal; V21 - Motorcycle rider injured in collision with pedal cycle; V22 
- Motorcycle rider injured in collision with two- or three-wheeled motor vehicle; V23 - Motorcycle rider injured in collision with car, pick-up 
truck or van; V24 - Motorcycle rider injured in collision with heavy transport vehicle or bus; V25 - Motorcycle rider injured in collision with rail-
way train or railway vehicle; V26 - Motorcycle rider injured in collision with other nonmotor vehicle; V27 - Motorcycle rider injured in collision 
with fixed or stationary object; V28 - Motorcycle rider injured in noncollision transport accident V29 - Motorcycle rider injured in other and 
unspecified transport accidents - NE.  * No records of death in these categories.



SOUZA, C. D. F. ET AL

1485 REV ASSOC MED BRAS 2019; 65(12):1482-1488

TABLE 2. TEMPORAL EVOLUTION AND MORTALITY RATE TREND IN MOTORCYCLE TRAFFIC 
ACCIDENTS (PER 100,000 INHABITANTS), OVERALL AND ACCORDING TO SEX. ALAGOAS, BRASIL, 
2001-2015 (N=1,458).

(a) Mortality rate in motorcycle accidents
Year Overall mortality Male mortality Female mortality

No. deaths Rate/100,000 No. deaths Rate/100,000 No. deaths Rate/100,000
2001 33 1.12 29 2.00 4 0.27

2002 60 2.02 59 4.02 1 0.07

2003 70 2.32 64 4.31 6 0.39

2004 84 2.75 71 4.73 13 0.84

2005 103 3.34 94 6.19 9 0.57

2006 111 3.56 104 6.79 7 0.44

2007 129 4.10 118 7.63 11 0.69

2008 116 3.65 107 6.86 9 0.56

2009 118 3.68 109 6.94 9 0.55

2010 124 3.84 115 7.27 9 0.55

2011 118 3.62 108 6.78 10 0.60

2012 129 3.93 116 7.24 13 0.77

2013 142 4.30 126 7.83 16 0.95

2014 58 1.75 53 3.28 5 0.29

2015 63 1.89 58 3.57 5 0.29

2001-2015 1,458 3.06 1,331 5.69 127 0.52

(b) Joinpoint Regression Model

Period APC (CI 95%)
p-value

APC (CI 95%)
p-value

APC (CI 95%)
p-value

2001-2007a 18.9 (12.0 to 26.3)
p<0.001*

19.0 (9.9 to 28.9)
p<0.001*

4.9 (-3.3 to 13.9)
p=0.2

2008-2015b -11.3 (-18.5 to -3.6)
p<0.001*

-11.2 (-20.5 to -0.7)
p<0.001*

4.9 (-3.3 to 13.9)
p=0.2

Legend: * Statistical significance; APC: Annual Percent Change; AAPC: Average Annual Percent Change; CI 95%: Confidence interval of 95%; a Period 
before the Lei Seca went into force in Brasil; b Period the Lei Seca went into force in Brasil.

mortality over the time series, as well as a spatial depen-
dency (p=0.01). Before the Lei Seca, the greatest overall 
rates corrected were found in Coité do Noia (7.8/100,000), 
Craíbas (7.22/100,000), and Arapiraca (6.93/100,000). 
These municipalities also occupied the top three posi-
tions in the ranking of male mortality (14.32/100,000, 
13.8/100,000, and 6.93/100,000, respectively). In the 
female population, the municipalities of Coité do Noia 
(1.44/100,000), Feira Grande (1.56/100,000), and São 
Sebastião (1.51/100,000) stood out (Figure 1).

In the post-enforcement period, the municipalities 
of Taquarana (7.43/100,000), Arapiraca (6.91/100,000), 
and Cacimbinhas (6.86/100,000) stood out for the 
general mortality; Taquarana (14.13/100,000), Cacim-
binhas (13.59/100,000), and Porto Real do Colégio 
(12.95/100,000) for male mortality; and Pão de Açú-
car (2.11/100,000), São José da Tapera (2.11/100,000), 
and Monteirópolis (1,82/100,000) for female mortality 
(Figure 1).

The expansion of mortality was also observed in the 
Moran Map. For the overall mortality, the number of 
municipalities located in quadrant 1 (Q1) of the Moran 
scatter plot went from 20 (19.60%), before the Lei Seca, 
to 33 (32.35%) in the period after it went into force. In 
the male population, the growth was similar, from 21 
(20.58%) to 32 (31.37%). In both cases, the municipali-
ties were concentrated in the central region of the state 
(agreste of Alagoas and transition with the sertão). In 
the female population, the same number of municipal-
ities was observed (n=19; 18.62%) in both periods; how-
ever, there was a change in the spatial pattern, with an 
expansion of mortality to the sertão of the state.

DISCUSSION

The male mortality rate 10.9 times higher than 
that of females observed in Alagoas corroborates the 
national and international literature8 1. Of the 38,000 



MORTALITY IN MOTORCYCLE ACCIDENTS IN ALAGOAS (2001-2015): TEMPORAL AND SPATIAL MODELING BEFORE AND AFTER THE “LEI SECA”

REV ASSOC MED BRAS 2019; 65(12):1482-1488 1486

accidents with fatal victims recorded in Brasil in 2015, 
82% of deaths were of men1. Various aspects can justify 
this context, highlighting, initially, the higher con-
sumption of motorcycles by the male population9. 
Approximately 85% of purchases of such vehicles in 
the country are by men, and 83% of purchasers are 
less than 40 years old10.

In association with the consumption profile, the 
male population has a higher prevalence of risk behav-
iors, such as the consumption of alcohol11, excess speed-
ing8, no use of personal protective equipment11, driving 
without a license12, and lack of knowledge of traffic leg-
islation12. These factors explain why the risk of motor-
cycle accidents is substantially higher in this group10.

The prevalence of deaths in the mixed-race group 
can be explained by the Brazilian demographic char-
acteristic since 43.1% of the population belongs to this 
race/ethnicity13. In addition, a study by Malta et al.11 
pointed out that, in the Brazilian population, mixed-
race individuals wear a helmet less often than white 
individuals, both as the driver (82.1 and 87.9%, respec-
tively) and as a passenger (78.1 and 86.4%, respec-
tively). This points to the existence of sociocultural 

factors that determine the use of personal protec-
tive equipment.

In addition to all of these factors described, there has also 
been an increase in the number of motorcycles. In 2001, the 
number of two-wheeled vehicles in Alagoas was 33,209; 
in 2005, into was 58,579 (an increase of 76.3%)14. The epi-
demiological results of this entire context of vulnerabilities 
justify the upward trend in mortality, observed in our study 
between 2001 and 2007, with a percentage growth rate of 
18.9% in the general population and 19.0% among males, 
as well as the geographic expansion of occurrences.

In addition to the proximal social determinants, 
it is pertinent to highlight those of a more distant 
sphere, i.e., the socioeconomic changes of the first 
decade of the 21st century, such as improved purchas-
ing power, mainly in the North and Northeast regions 
of the country15, the percentage of the population that 
left the poverty range16, and the lower cost of motor-
cycles when compared to four-wheeled vehicles15. In 
addition, motorcycles assumed an important role in 
the dynamics of the Brazilian economy, since it has 
become an opportunity to scape unemployment17.

The approval of the Brazilian Traffic Code, in 

Period 2001 – 2007 (before the Lei Seca)

Mortality rate/100,000                                             Moran Map

Period 2008 – 2015 (after the Lei Seca)

Mortality rate/100,000                                             Moran Map
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199718, did not have the expected effect; there was a 
reduction only in the first years when the number of 
deaths from traffic accidents dropped from 35,000 
(1997) to 29,000 (2000)19.20. Due to the need for new 
mechanisms capable of making the Brazilian traffic 
safer, the Lei Seca (Law No. 11.705/2008) was created 
in an attempt to prevent drinking and driving21. A 
national study showed a less pronounced growth of 
mortality after it went into force20, resembling the 
temporal pattern observed in Alagoas from 2008. In 
2013, the decision 432 of the National Traffic Council 
lowered the levels of alcohol accepted in the blood-al-
cohol content test and raised the value of the fines for 
offenders22, making the law even more severe.

It is also necessary to discuss the geographical 
distribution of these deaths and raise potential local 
factors associated with patterns of mortality. In this 
study, the areas of greatest risk were concentrated in 
the agreste and sertão in municipalities with a smaller 
population. Similar results were found in Pernambuco, 
where the highest mortality rates were in the interior 
of the state23. In addition, national research pointed 
to municipalities with up to 20,000 inhabitants and 
from 20,000 to 100,000 at higher risk of mortality 
in comparison to larger municipalities23. In Alagoas, 
only Maceió and Arapiraca have a population of over 
200,000 inhabitants. In these municipalities, the 
determinant factors previously discussed are height-
ened by the absence of a state supervisory power23.

CONCLUSION

The study showed consistent evidence that mor-
tality from motorcycle traffic accidents is an import-
ant public health problem in the state of Alagoas, 
even after considering the positive impacts of the 
Lei Seca. We highlighted the male mortality and geo-
graphic expansion of deaths, which were concen-
trated on the interior of Alagoas (agreste and sertão 
regions).
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RESUMO 

OBJETIVO: Analisar o perfil epidemiológico e a distribuição espaço-temporal da mortalidade em acidentes motociclísticos em Alagoas 
antes (2001-2007) e após a lei seca (2008-2015).

MÉTODOS: Estudo ecológico misto. Foram incluídos no estudo todos os óbitos ocorridos no estado que tiveram como causa básica os 
códigos V20-V29 (CID-10). Foram analisadas as variáveis sociodemográficas e as taxas de mortalidade calculadas segundo sexo. Para 
a análise temporal, empregou-se o modelo de regressão por pontos de inflexão. Para análise espacial, as taxas foram suavizadas pelo 
Modelo Bayesiano Empírico Local e, posteriormente, foi empregada a estatística de Moran Global e Local para a identificação dos 
aglomerados espaciais de risco.

RESULTADOS: Foram registrados 1.458 óbitos em acidentes motociclísticos no período estudado, destacando-se: sexo masculino (91,29%), 
idade economicamente ativa (82,93%) e raça parda (78,12%). Na população masculina, verificou-se tendência de crescimento entre 
2001 e 2007 (19,0%; p<0,001) e de declínio a partir de 2008 (–11,2%; p<0,001). A modelagem espacial mostrou que as áreas de maior 
risco de mortalidade estão situadas no agreste e sertão do estado (p=0,01).

CONCLUSÃO: A mortalidade em acidentes motociclísticos é um importante problema de saúde pública em Alagoas, com destaque para 
a mortalidade masculina e concentração geográfica no interior do estado.

PALAVRAS-CHAVE: Acidentes de trânsito. Estudos ecológicos. Registros de mortalidade.
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INTRODUCTION

Metabolic syndrome (MS) is defined by the National 
Cholesterol Education Program Adult Treatment Panel 
III (NCEP-ATP III) as the presence of at least three 
of the following characteristics: abdominal obesity 
(abdominal circumference ≥88 cm), triglycerides 
≥150 mg/dL, cholesterol, high-density lipoprotein 

cholesterol (HDL-c) <50 mg/dL, blood pressure (BP) 
≥130/85 mmHg, and fasting glycemia ≥100 mg/dL1. 
Different criteria, however, are being used to classify 
the syndrome during pregnancy and in the postpar-
tum period, when the abdominal circumference is 
significantly changed.2-4

SUMMARY

OBJECTIVE: Evaluate the prevalence of metabolic syndrome (MS) and the main associated maternal factors in women without pre-ges-
tational conditions, in early pregnancy and in the immediate postpartum.

METHODS: Two hundred pregnant women were evaluated at the 16th week of pregnancy, and 187 were reassessed postpartum. MS was 
diagnosed according to the criteria by the National Cholesterol Education Program Adult Treatment Panel III. In addition to the diagnostic 
criteria, anthropometric measures, blood pressure, metabolic profile, and visceral and subcutaneous fat thickness (by ultrasonography) 
were collected from the pregnant woman. The student’s t-test was used to compare the prevalence of MS and its components in the 16th 
week and in the postpartum. Multiple logistic regression was performed to identify the principal factors associated with the syndrome.

RESULTS: The prevalence of the MS was 3.0% in early pregnancy and 9.7% postpartum (p=0.01). Following multiple logistic regression, 
the prepregnancy body mass index (BMI) (p=0.04) and high-density lipoprotein cholesterol (HDL-c) (p=0.02) remained associated with 
MS at 16 weeks, and triglyceride levels evaluated in postpartum (p<0.001) with MS in postpartum.

CONCLUSION: The frequency of the MS was high in the immediate postpartum. The factors associated were prepregnancy BMI and 
HDL-c at the 16th week, as well as triglyceride levels postpartum.

KEYWORDS: Metabolic syndrome. Pregnancy. Postpartum period. Risk factors.
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Data collection and procedures performed

In the 16th week of gestation (± 1 week), after sign-
ing the ICF, the women underwent an ultrasound to 
confirm their pregnancy and answered a questionnaire 
with information about biological, sociodemographic, 
and obstetric characteristics. Next, we evaluated the 
diagnostic criteria for MS, its prevalence, and the pos-
sibly related maternal risk factors.

MS was diagnosed according to the classification 
by the NCEP/ATP III1, and the maternal factors inves-
tigated were the thicknesses of visceral and subcu-
taneous fat, anthropometric measurements, blood 
pressure (BP), and metabolic profile. After these 
assessments, the pregnant women were scheduled 
to return at the 28th week and the immediate postpar-
tum period (≤10 days after delivery). In the 28th week, 
we carried out only the oral glucose tolerance test 
(OGTT) and, in the postpartum period, were repeated 
all previous assessments.

The ultrasound was carried out by the same pro-
fessional, a specialist in fetal medicine, who also mea-
sured the thickness of visceral and subcutaneous fat, 
according to the technique described by Armellini et 
al.10. The maternal BP was measured by the recom-
mended palpation and auscultation methods.11

The anthropometric assessment included weight, 
height, body mass index (BMI), weight gain, circumfer-
ences of the waist, arm, and thigh, and the triceps and 
suprailiac skinfolds. Based on their BMI, the women 
were classified as underweight, average weight, over-
weight, or obese.12 The weight gain was obtained from 
the difference between the women’s weight in each 
of these moments and their pre-gestational weight 
self-reported during the filling out of the question-
naire. The circumferences of the waist, arm, and thigh, 
and the skinfolds were evaluated according to Jackson 
and Pollock.13

The biochemical measurements included total cho-
lesterol, HDL-c, low-density lipoprotein cholesterol 
(LDL-c), triglycerides, insulin, homeostasis model 
assessment (HOMA-IR), and levels of fasting glucose. 
Insulin resistance was determined according to the 
HOMA-IR [fasting insulin (mUI/ml) x fasting glucose 
(mmol/l)/22.5].14

At the 28th week of gestation, the women returned 
to the PESQ to undergo the OGTT, as previously sched-
uled. The diagnosis of gestational diabetes mellitus 
(GDM) was based on the confirmed fasting glycemia 
≥92 mg/dl at the 16th week of gestation, in addition to 
an OGTT with any of the following abnormal values: 

Despite the contradictions regarding classification 
in these periods, studies showed a prevalence of MS 
of 12.4% in pregnant women and 29% in puerperal 
women.5.6 The factors often associated with the syn-
drome were age, parity, dyslipidemia, gestational dia-
betes mellitus (GDM), hypertension, and obesity.5,6-9

The high prevalence found by the studies, the meta-
bolic risks from the physiological changes of pregnancy 
and the postpartum period, the lack of established 
parameters to classify the syndrome, and the incon-
sistencies regarding its prevalence and associated fac-
tors in women with no previous diseases suggest the 
need for research on the topic. Thus, the objective of 
this study was to evaluate the prevalence of MS and 
the main maternal factors associated with it in women 
without pre-gestational diseases, at the beginning of 
pregnancy and in the immediate postpartum period.

METHODS
Study design

This is a cohort study with 200 pregnant women 
treated in basic health units of the city of Campina 
Grande, Paraíba, Brasil. The women were evaluated 
in the 16th week of gestation (n=200) and re-evaluated 
during the immediate postpartum period (n=187) in 
the Instituto Paraibano de Pesquisa Professor Joaquim 
Amorim Neto (IPESQ), between September 2014 and 
December 2015. The research was approved by the 
Research Ethics Committee of the Federal University 
of Paraíba (CAAE: 03649512.9.0000.5182), and all par-
ticipants signed an informed consent form (ICF).

Sample Size
The sample size was calculated by the OpenEpi, 

version 2.3 (Atlanta, GA, USA), assuming a rate of 
waist circumference increase of 22.8% in the imme-
diate postpartum.6 For a 85% power and a 95% confi-
dence level, 148 pregnant women would have to be 
included. This number was increased by 30% to com-
pensate for possible losses during follow-up.

Eligibility criteria
We included pregnant women, confirmed by ultra-

sound, with gestational age less than or equal to 16 
weeks. We excluded women with pre-gestational 
diabetes mellitus (DM), suffering from psychiatric 
disorders, chronic maternal diseases (hypertension, 
heart disease, kidney disease, epilepsy, kidney failure), 
congenital malformations, and multiple pregnancies.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Jackson AS%5bAuthor%5d&cauthor=true&cauthor_uid=14748950
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pollock ML%5bAuthor%5d&cauthor=true&cauthor_uid=14748950
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fasting glycemia ≥92 mg/dl; one-hour levels ≥180 mg/
dl, and two-hour levels ≥153 mg/dl.14

Data Analysis
Medcalc, version 15.6.1. (Medical Software bvba, 

Ostend, Belgium), and Epi Info, version 7.1.5 (Atlanta, 
GA, USA) were used for the statistical analysis. The 
Student t-test was used to compare the prevalence 
of metabolic syndrome and its components in these 
periods. A bivariate analysis was then performed to 
test the association between the variables ​​studied and 
MS (ANOVA and Kruskal-Wallis Test). Stepwise logistic 
regression was performed to identify the main mater-
nal factors associated with the syndrome, including 
the ​​variables that remained associated with a signifi-
cance level of 20% in the bivariate analysis. The final 
model included only the variables ​​that remained asso-
ciated with the outcomes at a significance level of 5%.

RESULTS

The prevalence of MS at the 16th week was 3.0% 
(n=6) in comparison to 9.7% (n=18) during the immedi-
ate postpartum period (p=0.01). Regarding the criteria 
for MS classification at the 16th week, the frequency 
of abdominal obesity (abdominal circumference≥88 
cm), HDL-c <50mg, triglycerides ≥150mg/L, fasting 
glycemia ≥100mg/dL, and BP ≥130/85mmHg was 100% 
and 34% (p<0.001), 83.3% and 40.7% (p=0.02), 83.3% 
and 11.8% (p<0.001), 0% and 0.5% (p=0.84), and 0% and 
1% (p=0.93) in the groups with and without the syn-
drome, respectively (Table 1). During the immediate 
post-partum period, the frequencies were 77.8% and 
40.8% (p<0.001); 88.9% and 39% (p<0.001); 83.3% and 
11.2% (p<0.001); 0% and 1.2% (p=0.84); 16.6% and 2.9% 
(p=0.01), in both groups (Table 1).

The mean age in the groups with and without MS 
were 31.5±8.4 and 25.4±5.7 years at the 16th week of 
gestation (p=0.01). In the postpartum period, these 

averages were 27.0±7.8 and 25.6±5.6 years in both 
groups, respectively (p=0.38). With respect to formal 
education, in both periods, the averages were 6.6±3.0 
and 9.7±3.8 years at the 16th week, and 8.8±3.2 and 
9.8±3.9 years in the postpartum period for the groups 
with and without the syndrome (p=0.05; p = 0.32) 
(Table 2).

Regarding the reproductive history of the women, 
those with MS at the 16th week of pregnancy had an 
average of 3.8±2.3 pregnancies, 0.0±0.5 abortions, and 
2.5±2.3 deliveries compared with 2.0±1.2 pregnancies, 
0.2±0.5 abortions, and 0.8±1.1 deliveries by the women 
without the syndrome (p=0.01; p=0.46; p<0.001, 
respectively). In the postpartum period, the averages 
were of 2.7±1.6 pregnancies, 0.3±0.6 abortions, and 
1.4±1.6 deliveries in the group with MS, while in the 
group without the syndrome the averages were 2.0±1.1 
pregnancies, 0.2±0.5 abortions, and 0.7±0.9 deliveries 
(p=0.02; p=0.82; and p=0.04, respectively). The aver-
age interval between pregnancies, at the 16th week, 
was 4.2±2.3 and 3.5±3.3 years in both groups (p=0.64), 
at the same time, compared to 3.5±2.4 and 3.4±3.4 
years (p=0.89) in the postpartum period (Table 2).

As to the nutritional status of the women, 13.0% 
(n=26) were classified with low weight at the 16th 
week of gestation, compared to 1.3% (n=2) in the 
postpartum period (p<0.001); 48.7% (n=91) and 57.3% 
(n=107) were classified as eutrophic in both periods 
(p=0.20), and the women considered overweight or 
obese were 38.1% (n=76) and 41.3% (n=77) (p=0.62), 
respectively.

The average maternal weight in the groups with 
and without the syndrome was 72.4±15.4 kg and 
62.4±11.2 kg (p=0.03) at the 16th week of gestation, 
while in the postpartum period, it was 68.7 ± 15.1 kg 
and 65.0±10.3 kg (p<0.20) (Table 3). The mean BMI 
was 28.3±5.1 and 24.5±4.0 (p<0.001) at the 16th week 
of gestation when compared to 28.3±3.0 and 25.7±4.1 
(p=0.01) in the postpartum period (Table 2). There was 

TABLE 1. DIAGNOSTIC CRITERIA FOR MS, ACCORDING TO THE NCEP/ATP III CLASSIFICATION, IN WOMEN WITH 
AND WITHOUT THE SYNDROME.  CAMPINA GRANDE, PARAÍBA, BRASIL, 2015.

MS at the 16th week (n=200) MS in the immediate postpartum 
period (n=187) p#

Yes % No % p-value Yes % (n) No % (n) p-value*
Abdominal circumference ≥88cm 100 (6) 34 (66) <0.001 77.8 (14) 40.8 (69) <0.001 0.02
HDL-c (mg/dl) <50mg/dL 83.3 (5) 40.7 (79) 0.02 88.9 (16) 39 (66) <0.001 0.49
Triglycerides (mg/dl) ≥150mg/dL 83.3 (5) 11.8 (23) <0.001 83.3 (15) 11.2 (19) <0.001 0.05
Fasting blood glucose (mg/dl) ≥ 100mg/dL 0 (0) 0.5 (1) 0.84 0 (0) 1.2 (2) 0.84 0.92
BP ≥130/85mmHg 0 (0) 1 (2) 0.93 16.6 (3) 2.9 (5) 0.01 0.15

MS: Metabolic syndrome; HDL-c: high-density lipoprotein cholesterol; BP: Blood pressure; *ANOVA. # Student’s t-test.
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TABLE 2. BIOLOGICAL, ANTHROPOMETRIC, AND SOCIODEMOGRAPHIC CHARACTERISTICS, VISCERAL AND 
SUBCUTANEOUS FAT, AND METABOLIC PROFILE OF WOMEN WITH AND WITHOUT MS. CAMPINA GRANDE, 
PARAÍBA, BRASIL, 2015.

MS at the 16th week (n=200) MS in the immediate postpartum period 
(n=187) p

Yes % No % p Yes % No % p
Age 31.5 ±8.4 25.4 ±5.7 0.01 27.0 ±7.8 25.6 ±5.6 0.38 0.80
Formal education 6.6 ±3.0 9.7 ±3.8 0.05 8.8 ±3.2 9.8 ±3.9 0.32 0.02
Pregnancies 3.8 ± 2.3 2.0 ± 1.2 0.01# 2.7 ± 1.6 2.0 ± 1.1 0.02# 0.79
Abortions 0.0 ± 0.5 0.2 ± 0.5 0.46# 0.3 ± 0.6 0.2 ± 0.5 0.82# 0.79
Birth interval 4.2 ± 2.3 3.5 ± 3.3 0.64 3.5 ± 2.4 3.4 ± 3.4 0.89 0.07
Parity 2.5 ± 2.3 0.8 ± 1.1 <0.001# 1.4 ± 1.6 0.7 ± 0.9 0.04# 0.23
Visceral Fat 5.9 ±1.2 5.2±1.3 0.20 5.5 ±1.9 5.6 ±1.5 0.83 0.83
Subcutaneous fat 2.9 ±0.8 2.3 ±0.8 0.07 3.0 ±1.0 2.4 ±0.8 0.01 0.01
Systolic BP 116.8 ± 4.6 112.5 ± 10.4 0.35 123.4 ± 17.8 115.0±11.0 0.02 0.02
Diastolic BP 66.8 ±14.1 68.2 ±9.6 0.74 81.0 ±12.2 74.4±10.4 0.04 0.04
Pre-gestational BMI 29.0 ±5.7 24.4 ±4.3 0.01 28.0 ±5.7 24.1 ±4.0 p<0.00 0.02
Height 1.5 ±0.0 1.5 ±0.6 0.18 1.5 ±0.6 1.8 ±0.6 0.63 0.13
Weight 72.4 ±15.4 62.4 ±11.2 0.03 68.7 ± 15.1 65.2 ± 10.3 0.20 0.20
BMI 28.3 ±5.1 24.5 ±4.0 <0.001 28.3 ±3.0 25.7 ±4.1 0.01 <0,001
Weight gain 14.4 ±12.6 208.3 ±8.3 0.27 1.1 ±6.9 4.8 ±4.9 <0.001 0.03
Waist circumference 98.9 ± 12.4 88.0 ± 9.6 <0.001 98.6 ±8.5 91.9 ±9.5 <0,001 <0,001
Arm circumference 34.1 ±6.3 28.0 ±3.4 <0,001 29.4 ±2.3 28.5 ±3.1 0.13 0.13
Thigh circumference 30.8 ±11.1 29.6 ±7.7 0.72 41.7 ±10.1 38.2 ±9.2 0.21 0.21
Suprailiac fold 30.3±16.4 22.8 ±8.9 0.05 26.2 ±7.8 22.6 ±6.0 0.03 0.05
Triceps fold 28.1 ±11.5 21.3 ±5.6 <0.001 26.2 ±7.8 22.6 ±6.0 0.03 0.03
Total cholesterol 195.3±10.0 168.6±30.9 0.03 209.4±47.4 215.0±42.6 0.62 0.62
Fasting glucose 67.5 ±4.4 70.2 ±15.5 0.66 73.0 ±11.7 69.3 ±8.6 0.12 0.61
Insulin 9.3 ±5.8 5.7 ±4.0 0.03 7.1 ±4.9 5.5 ±3.6 0.13 0.13
HDL-c 50.5 ±11.2 45.0 ±2.5 0.23 49.8±10.5 39.0 ± 6.5 <0.001 <0,001
LDL-c 106.6 ±16.7 96.8 ±24.8 0.32 121.7±46.5 143.0±39.6 0.06 0.06
Triglycerides 218.1 ±51.7 108.5 ±53.1 <0,001 245.0 ±92.3 111.5±22.3 <0.001 <0,001
HOMA-IR 24.2±19.8 14.3±14.4 0.08 24.2±22.1 17.4±12.0 0.05 0.05

MS: Metabolic syndrome; BMI: body mass index; GDM: gestational diabetes mellitus; BP: Blood pressure; HDL-c: high-density lipoprotein cholesterol; LDL-c: low-density lipopro-
tein cholesterol; HOMA-IR: model for the evaluation of homeostasis; IQR: interquartile interval. Values were expressed as mean± standard deviation. * Student’s t-test. # Kruskal 
Wallis test.

TABLE 3. FINAL LOGISTIC REGRESSION MODEL FOR 
FACTORS ASSOCIATED WITH MS IN THE 16TH WEEK 
OF GESTATION AND IN THE IMMEDIATE POST-
PARTUM PERIOD.  CAMPINA GRANDE, PARAÍBA, 
BRASIL, 2015.

Odds Ratio 95% CI Coefficient P-value*
16th week (n=200)
Pre-gestational BMI 1.08 1.00-1.17 0.08 0.04
HDL-c 1.02 1.00-1.04 0.02 0.02
Immediate postpartum (n=187)
Triglycerides  
(evaluated in the im-
mediate puerperium)

1.04 1.01-1.07 0.04 <0.001

* Stepwise logistic regression. 95% CI: 95% confidence interval; BMI: body mass index; 
HDL-c: high-density lipoprotein cholesterol.

an association between maternal weight gain and the 
presence of MS (p<0.001).

The average thickness of visceral fat was 5.9±1.2cm 
and 5.2±1,3cm (p=0.20) at the 16th week, while in the 
immediate post-partum period, it was 5.5 ± 1.9cm 
and 5.6±1.5cm (p=0.83) in the groups of women with 
and without MS (Table 2). No association was found 
between the thickness of visceral fat and the syndrome 
(p=0.88). The mean subcutaneous fat thickness was 
2.9±0.8 and 2.3±0.8 (p= 0.07) at the 16th week when 
compared to 3.0±1.0 and 2.4±0.8 (p=0.01) in the post-
partum period, in both groups, respectively (Table 2). 
An association was found between the subcutaneous 
fat and the presence of MS (p<0.001).
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Compared to the 16th week of gestation, in the 
postpartum period, there was a greater proportion 
of women that presented increased levels of fasting 
glucose (0.5% and 1.3%) (p=0.32), triglycerides (16.3% 
and 22.6%) (p=0.60), total cholesterol (16.3% and 63.2%) 
(p=0.21), and LDL-c (44.4% and 84.8%) (p=0.20) in the 
groups with and without MS. After analyzing both 
periods, the proportion of women with low levels of 
HDL-c increased slightly in the postpartum (58.2%) 
when compared with the 16th week (57.0%) (p=0.03). 
The Frequency of GDM was 2.8% (n=5).

The mean levels of total cholesterol were 
195.3±10.0 mg/dl and 168.6±30.9 mg/dl (p=0.03) in 
women with and without metabolic syndrome at 
the 16th week of gestation and 209.4±47,4mg/dl and 
215.0±42.6 (p=0.62), simultaneously, in the postpar-
tum period. The average of fasting glucose, after com-
paring both groups, were 67.5±4.4mg/dl and 70.2±15.5 
mg/dl (p=0.66) at the 16th week, while in the post-par-
tum period, they were 73.0±11.7mg/dl and 69.3±8.6 
mg/dl (p=0.12) (Table 2).

The average levels of insulin were 9.3±5.8 mUI/ml 
and 5.7±4.0 mUI/ml (p=0.03) for women with and with-
out MS at the 16th week of gestation, and 7.1±4.9mUI/
ml and 5.5±3.6 mUI/ml (p=0.13), respectively, in the 
postpartum period. Regarding the triglyceride lev-
els in both groups, the averages were 218.1±51,7mg/
dl and 108.5±53.1 (p<0.001) at the 16th week, and 
245.0±92,3mg/dl and 111.5±22.3 (p<0.001) post-par-
tum (Table 2). As for resistance to insulin, the mean 
HOMA-IR was 24.2±19.8 and 14.3±14.4 (p=0.08) at the 
16th week of gestation, while during the post-partum 
period it was 24.2±22.1 and 17.4±12.0 (p=0.05) in the 
groups with and without MS. (Table 2).

After logistic regression analysis, the pre-gesta-
tional BMI (p=0.04) and HDL-c (p=0.02) remained 
significantly associated with MS in the 16th week of 
gestation. In the postpartum period, only the levels 
of triglycerides, analyzed in this period, remained 
significantly associated with the syndrome (p<0.001) 
(Table 3).

DISCUSSION

The prevalence of MS in the immediate postpartum 
was high when compared to that found at the begin-
ning of pregnancy, and the only factors that remained 
associated with the syndrome were pre-gestational 
BMI, HDL-c at the 16th week, and triglycerides in the 
postpartum period.

A similar frequency of the syndrome in early 
pregnancy was reported in a study involving women 
at 12 weeks of gestation.15 However, a retrospective 
research with women at 14 to 16 weeks of gestation 
reported a much higher prevalence (12.3%).5 This dif-
ference, however, may have resulted from the appli-
cation of different criteria for the classification of MS. 
In fact, the researchers in that multicenter study used 
the parameters by the International Diabetes Feder-
ation (FID), which establish a cutoff point for waist 
circumference (80 cm) lower than that applied in this 
study5. Since there is a physiological change to that 
measurement during pregnancy, an even lower cut-
off point could predispose more easily a high rate of 
MS diagnoses.

Postpartum studies also showed higher prev-
alence rates of MS in comparison to our results, 
reaching 39%4,6,9,15-17. However, this difference may be 
explained by the selection of the sample, since our 
study excluded pregnant women with associated mor-
bidities because the objective was to understand the 
magnitude of the disease in pregnant women without 
pre-gestational diseases.

With respect to the weight and nutritional sta-
tus of the pregnant women, those with MS pre-
sented excess weight, and the pre-gestational BMI 
remained significantly associated with MS in the 
16th week. Unlike our results, other studies showed 
an association between pre-gestational BMI indic-
ative of overweight and obesity and the presence 
of MS in the postpartum period.9,16,18 In these stud-
ies, however, MS was diagnosed in the postpartum 
period in women with a diagnosis of GDM who, 
according to the pre-gestational BMI, were over-
weight/obese and whose levels of fasting glucose 
were high.9,16,18

In relation to the biochemical analysis, only 
the levels of HDL-c in the 16th week and the tri-
glyceride levels in the postpartum period remained 
significantly associated with MS in this study. Cor-
roborating these findings, a study carried out at 
the beginning of the gestation showed higher aver-
age levels of triglycerides (192.5±87.5 mg/dl and 
105±61.2 mg/dl) and lower HDL-c (456.79±114.2 mg/
dl and 532.92±152.26 mg/dl) in women with MS in 
comparison to those without it.4 

Other studies have reported conflicting results, 
with f indings of a correlation between MS and 
insulin resistance15 and between MS and hyper-
tension;6,16,19 however, unlike in the present study, 
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pregnant women with GDM and women with vari-
ous degrees of glucose intolerance were included in 
these samples.

A limitation of this study is the risk of an overesti-
mated prevalence of MS due to the difficulty in clas-
sifying it in both periods through the pre-established 
criteria. The strengths of this study are the homoge-
neity of the sample, the small number of losses, and 
the inclusion of healthy women.

Studies on metabolic syndrome and its associated 
risk factors in pregnant women can assist in predicting 
the disease during pregnancy and in the postpartum 
period, allowing the use of preventive strategies to 
reduce maternal and child damage in the short and 
long term.

CONCLUSION

The frequency of metabolic syndrome was higher 
during the immediate postpartum period, and a 
pre-gestational BMI indicative of overweight/obesity 
and abnormal levels of HDL-c at the 16th week of preg-
nancy, in addition to abnormal levels of triglycerides in 
the immediate post-partum period, seem to represent 
important risk factors for the development of meta-
bolic syndrome in these periods.

No conflicts of interest. The study was approved 
in the Ethics and Research Committee by the CAAE: 
03649512.9.0000.5182, on the 26/03/2014.

Funding: National Council for the Development of 
Science and Technology (CNPq).

RESUMO 

OBJETIVO: Avaliar a prevalência da SM e os principais fatores maternos associados em mulheres sem doenças pré-gestacionais, no 
início da gravidez e no pós-parto imediato.

MÉTODOS: Foram avaliadas 200 mulheres na 16a semana de gravidez, sendo 187 reavaliadas no pós-parto. A SM foi diagnosticada 
de acordo com os critérios do National Cholesterol Education Program Adult Treatment Panel III. Além dos critérios diagnósticos da 
síndrome, foram coletadas medidas antropométricas, pressão arterial, perfil metabólico e espessura de gordura visceral e subcutânea 
(através de ultrassonografia) da gestante. O teste t de Student foi usado para comparar a prevalência de SM e dos seus componentes 
nos dois momentos. Os modelos de regressão logística múltipla, para investigar os principais fatores associados à síndrome na 16a 
semana de gestação e no pós-parto.

RESULTADOS: A prevalência da SM foi de 3,0% no início da gravidez e 9,7% no pós-parto (p=0,01). O índice de massa corporal (IMC) 
pré-gravídico (p=0,04) e o colesterol lipoproteínas de alta densidade (HDL-c) (p=0,02) permaneceram associados à SM na 16a semana. 
Após o parto, os níveis de triglicerídeos permaneceram associados à SM no pós-parto (p<0,001).

CONCLUSÃO: A prevalência da SM foi alta no pós-parto imediato e os fatores associados à síndrome foram IMC pré-gravídico e HDL-c 
na 16a semana, e níveis triglicerídeos no pós-parto.

PALAVRAS-CHAVES: Síndrome metabólica. Gravidez. Período pós-parto. Fatores de risco.
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INTRODUCTION

Childhood renal tumors account for ~7% of all 
childhood cancers, and most cases are Wilms tu-
mors (WT) or nephroblastomas (~90%), affecting one 
in 10,000 children under the age of fifteen1. It is es-
timated there are 500 new cases of WT every year 
in Brasil, with a median age-adjusted incidence rate 

of 9.5 cases per million2. The peak incidence is be-
tween the ages of 2 and 3 years1, but bilateral cases 
and those associated with congenital syndromes (5 
to 10% of the cases) are diagnosed earlier3.

Non-WT renal tumors include clear cell sarco-
ma of the kidney (CCSK, 2-3%, 1% of the cases), with 

SUMMARY

Childhood renal tumors account for ~7% of all childhood cancers, and most cases are embryonic Wilms’ tumors (WT). Children with 
WT are usually treated by either COG or SIOP. The later treats the children using preoperative chemotherapy, but both have around 
90% of overall survival in five years. WT is a genetically heterogeneous group with a low prevalence of known somatic alterations. Only 
around 30% of the cases present mutation in known genes, and there is a relatively high degree of intra-tumor genetic heterogeneity 
(ITGH). Besides potentially having an impact on the clinical outcome of patients, ITGH may interfere with the search for molecular 
markers that are prospectively being tested by COG and SIOP. In this review, we present the proposal of the current UMBRELLA SIOP 
Study 2017/Brazilian Renal Tumor Group that requires the multi-sampling collection of each tumor to better evaluate possible molecular 
markers, as well as to understand WT biology
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in TP53 was suggested to be an independent poor 
prognostic factor16. MYCN gain was associated with 
anaplasia and with poorer relapse-free and overall 
survival, independently of tumor histology17. A gain 
of 1q is found in up to 30% of WT cases and was con-
sidered a potential prognostic biomarker regardless 
of the treatment protocol (COG or SIOP). A gain of 
1q was associated with poorer event-free and overall 
survival, and, if validated, it could be used to select 
patients who were first treated with surgery or che-
motherapy for more aggressive treatment18-20.

Loss of heterozygosity (LOH) of both 1p and 16q 
were associated with lower event-free and overall 
survival in WT treated with surgery first21,22. Follow-
ing these findings, for the first time, the presence of 
molecular alterations was used to direct therapy in 
WT. COG intensified the treatment for stage III/IV 
WT, with loss of heterozygosity (LOH) of 16q, and 1p 
significant improving the event-free survival23.

All potential biomarkers discussed here were 
studied in a single sample from each case without 
considering the existence of ITGH in WT.

Intra-tumor genetic heterogeneity in Wilms  
Tumor: the importance of prognostic markers
WT develops from primitive renal cells incapable 

of completing kidney differentiation, which results 
in a tumor that recapitulates nephrogenesis, with 
morphology, methylation, and gene expression 
similar to the fetal kidney24-28. WT is composed of 
varying proportions of three morphologically dis-
tinct cell types: undifferentiated blastemal cells, 
epithelial cells ordered into primitive structures, 
and stromal cells, which are related to the clinical 
behavior29,30. 

Intratumoral diversity is relatively common in 
chemotherapy-treated primary childhood cancers, 
even for WT that usually is described as presenting 
a relatively stable genome. Most WT subclones have 
low-frequency aberrations, but potential drivers may 
emerge as part of the ITGH, such as copy number 
neutral imbalance of 11p and trisomy 8, 1q gain, and 
1p/16q loss9.

The gain of 1q is a promising biomarker for pa-
tients with WT stratification into risk groups, al-
though it can be an early or late event. In the latter 
scenario, for prospective studies that underlie clinical 
trials, the assessment of the ITGH by multisampling 
the tumor for proper evaluation of this biomarker is 
of utmost importance. Based on an analysis of 20 

similar age presentation to WT, malignant rhabdoid 
tumor of the kidney (MRTK, 2-3%, 1% of the cases), 
which presents a peak incidence at 10 to 18 months, 
renal cell carcinoma (RCC, 1% of the cases), with a 
peak incidence among adolescents, benign congeni-
tal mesoblastic nephroma (CMF, 2-3% of the cases), 
and all other renal tumors, which include sarcoma 
and neuroectodermal tumor of the kidney, comprise 
2-3% of the cases4. All renal tumors, but CMF, which 
is usually treated with surgery alone, have a poorer 
prognosis compared to WT. Due to its relatively high-
er incidence, this review will focus on WT. 

Children with renal tumors are usually treated ac-
cording to one of the two major clinical groups. The 
SIOP-RTSG (Societe Internationale d’Oncologie Pedi-
atrique - Renal Tumor Study Group) protocol recom-
mends children be treated with pre-operative chemo-
therapy; and the COG (National Wilms Tumor Study/
Children’s Oncology Group) protocols advise children 
to be submitted to upfront surgery, with both reach-
ing 90% of overall survival5,6.

GENETIC EVENTS AND POTENTIAL 
PROGNOSTIC MARKERS FOR WILMS 
TUMORS

Most pediatric tumors present a short time that 
precedes the diagnosis, thus resulting in fewer evo-
lutionary events compared to adult cancers7. Consis-
tently, the mutational spectrum described in most 
pediatric solid tumors has been considerably small, 
including in WT. WT is a genetically heterogeneous 
group that presents a low prevalence of known so-
matic alterations and a relatively high degree of 
Intra-Tumor Genetic Heterogeneity (ITGH)8,9. For 
instance, 30% of WT cases have a known mutated 
gene, with WT1, CTNNB1, and AMER1 being the 
most prevalent10,11. Moreover, alterations in microR-
NA processor genes (DROSHA, DGCR8, DICER1, and 
TARBP2) and SIX1/2 were also found in up to 15% of 
WT12-15. The mutation spectrum of WT was proper-
ly discussed by other studies4-11. For the purpose of 
this review, we considered of interest the somatic 
mutations in TP53 found in ~70% of the diffuse an-
aplastic WT and gain of MYCN found in up to 4% 
of the cases. Diffuse anaplastic tumors comprise 
5% of WT cases. They present an unstable genome, 
but tumors that also had TP53 mutations or loss 
presented a higher number of copy number alter-
ations14,16. In diffuse anaplastic WT, mutation/loss 
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cases of WT, it was estimated the need for at least 
three tumor samples for each case31.

Other alterations were characterized as ITGH in 
WT, such as AMER1 (WTX)32, DROSHA, SIX133, and 
TP5334. These studies are still in early stages, and defin-
itive interpretation and conclusion will only be possi-
ble after studying large multi-sampled tumor cohorts. 

Proposal of the current SIOP protocol/ Brazil-
ian Renal Tumor Group
There is an increasing effort to identify prognos-

tic molecular markers for patients with WT. The cur-
rent approach to risk stratification has reached the 
limits of what can be achieved through combinations 
of clinical and pathological features. The biological 
mechanisms involved in tumor treatment response 
still need to be uncovered and associated with the 
current risk factors to further improve prediction 
of each child’s risk of relapse. Retrospective studies 
from SIOP and COG pointed to alterations that are 
being explored prospectively in patients with WT. 
However, any potential prognostic markers require 
prospective validations that consider the underlying 
ITGH of each case.

The current protocol recommends the collection 
of three tumor samples at different sites of the tu-
mor and the adjacent normal kidney by the pathol-
ogist responsible for the diagnosis at the time of 
surgery. The area of the research sample must be re-
moved from the region immediately adjacent to the 
diagnostic sample (paraffin block), avoiding areas of 

necrosis and hemorrhage (Figure 1A). It is extremely 
important to correctly identify each tube and record 
patient data to enable later association of experimen-
tal findings with the clinical-pathological character-
istics. The tubes should be labeled as tumor (TW1, 
TW2, TW3, and so on) and kidney (NK1, NK2) sam-
ples for proper handling at the biomarker research 
stage. Note that the normal counterpart for compar-
ison with WT is the renal cortex and not the kidney 
medulla. Samples may be used for DNA, RNA, and/or 
protein satisfactorily.

Samples should be collected immediately after 
surgery, frozen in liquid nitrogen, and sent to the 
Biobank of the institution for correct storage (Figure 
2). For institutions without a Biobank, it is possible 
to ask for a tube with an appropriate reagent for tis-
sue storage that keeps the tissue viable for further 
experiments. If this is the case, recommendations 
are: 1. the sample should be completely submerged 
by the reagent; 2. one of the dimensions of the tissue 
should be smaller than 0.5 cm to enable rapid sta-
bilization of the molecules; 3. the approximate ide-
al ratio is 1:10, equivalent to 10 mg of tissue to 100 
uL of reagent. Each tube contains between 800 and 
1000 uL of reagent. Samples will be safe if stored at 
37 °C for 24 hours; 15-25 °C for one week; 4 °C for six 
months; - 20 or -80 °C indefinitely. These tubes are 
provided only by the project coordinator and should 
be requested to the SIOP-BRTG via SOBOPE (Figure 
1B). In one year, the BRTG received eighteen cases 
from six institutions with at least three tumor and 

FIGURE 1. A. 
NEPHRECTOMY 
SPECIMEN. SAMPLES 
WERE COLLECTED FROM 
THREE TUMOR AREAS 
(1, 2, 3) AND ADJACENT 
NORMAL KIDNEY (NK) 
BY THE PATHOLOGIST. B 
– SCHEME FOR SAMPLE 
COLLECTION. TUBE TO 
KEEP THE FRESH TISSUE 
SAMPLE (800-1000UL OF 
REAGENT FOR 80 TO 100 
MG OF TISSUE).
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FIGURE 2. WORKFLOW FOR SUBMISSION OF TISSUE SAMPLES. SCHEME IS PART OF THE UMBRELLA SIOP–RTSG 
STUDY AND WAS KINDLY PROVIDED BY PROFESSOR KATHY PRITCHARD-JONES



INTRA-TUMOR GENETIC HETEROGENEITY IN WILMS’ TUMOR SAMPLES

REV ASSOC MED BRAS 2019; 65(12):1496-1501 1500

RESUMO 

Os tumores renais pediátricos correspondem a aproximadamente 7% de todos os tumores infantis, sendo o mais frequente o tumor de 
Wilms (TW). Crianças com TW são geralmente tratadas seguindo dois distintos protocolos terapêuticos (COG ou SIOP), sendo que no 
último, os pacientes recebem tratamento quimioterápico pré-operatório. Ambos apresentam sobrevida global em cinco anos em torno 
de 90%. TW é geneticamente heterogêneo, apresentando baixa prevalência de alterações somáticas conhecidas, com cerca de 30% 
dos casos apresentando mutações em genes conhecidos e um alto grau de heterogeneidade genética intratumoral (HGIT). Além de 
potencialmente ter um impacto sobre o desfecho clínico dos pacientes, a HGIT pode interferir na busca de marcadores moleculares que 
estão sendo testados prospectivamente pelos grupos COG e Siop. Nesta revisão, apresentamos a proposta do atual estudo Umbrella 
Siop 2017/Grupo de Tumores Renais Brasileiros (GTRB), que orienta a coleta de três diferentes regiões do tumor para melhor avaliar 
possíveis marcadores moleculares, bem como para compreender a biologia do TW.

PALAVRAS-CHAVE: Tumor de Wilms. Biomarcadores. Heterogeneidade genética.

one normal kidney samples from each case. All pre-
sented good quality for molecular analysis, pointing 
to the viability of this proposal.

These procedures are part of an attempt by the 
Brazilian Renal Tumors Group (BRTG) to promote 
research in renal tumors and to have active partici-
pation in molecular studies of international groups. 
Discussions regarding clinical, radiological, and 
pathological aspects of the patients are promptly 
discussed by email (tuwi_comite@googlegroups.
com). More information is available at www.gbtr.
com.br to increase participation in cooperative 
groups and improve diagnosis and treatment in 
such a heterogeneous country. All procedures were 
approved by the national ethical committee (CO-
NEP 1.480.548; 2017).

Regarding WT pathology and molecular biology 
protocols, the BRTG complies with the UMBRELLA 
SIOP–RTSG 2016 updated guidelines, carefully re-
viewed by a consensus of pathology experts within 
the group, who also proposed to stimulate interna-
tional collaboration with the harmonization of treat-
ment protocols and research, including the standard-
ization of specimen handling and improved collection 
of biological samples35. These are of utmost impor-

tance to validate biomarkers such as MYCN amplifi-
cation, 1q gain, and 17p loss. After all, the develop-
ment and inclusion of true predictive biomarkers for 
pediatric patients with WT will only be possible by 
enabling large, international, high-quality databases 
and samples within cooperative studies. 
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INTRODUCTION
Tracheostomy is a procedure that opens the air-

ways by inserting a tube into the tracheal rings, 
allowing air to reach the lungs. The practice of tra-
cheostomy has been reported since ancient times, 

for more than 2,000 years, and was described by 
the Egyptians through antique paintings1. Between 
the 1980s until mid-1990s, the indications for tra-
cheostomy underwent great changes, since upper 

SUMMARY

INTRODUCTION: Despite the benefits, tracheostomized children are susceptible to respiratory infections, since the tube is located in a 
strategic region where there is colonization by several bacteria and biofilm formation. Biofilm is formed when the bacteria adhere strongly 
to the surfaces of the tubes, providing protection against various types of aggression, such as antibiotic treatment.
OBJECTIVE: To carry out a literature review of the last ten years on tracheostomized pediatric patients, in order to characterize the bacteria 
isolated in children’s tracheal secretions, and verify which ones are the most frequent.
METHODS: Two authors searched the Lilacs, SciELO, Medline Plus, and PubMed databases. The MeSH terms used were: ‘tracheostomy’ 
and ‘tracheotomy’ associated with ‘infections’, ‘children’, ‘child’, and ‘bacterial’ as qualifiers.
RESULTS: Of the 512 studies on the subject, 19 were selected for review. The total number of children evaluated in the studies was 4,472, 
with a mean age of 7.5 years. As for the bacteria found in the secretions of tracheostomized children, 12 species of bacteria were more 
frequent, P. aeruginosa was the predominant bacterium, followed by S. aureus (63.1%), Klebsiella pneumoniae (57.8%), Streptococcus 
pneumoniae (47.3%), and Stenotrophomonas maltophilia (47.3%).
CONCLUSION: One of the main complications treated in tracheostomized patients were infections, since the respiratory system is colonized 
by several bacteria that can cause serious infections, which are associated with the formation of biofilms. The predominant bacterium 
in most of the studies was P. aeruginosa, and the second species commonly reported was S. aureus.
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in relation to the tracheal cultures in children who 
use a tracheotomy tube given that, in certain circum-
stances, they have some type of comorbidity or are 
hospitalized in Intensive Care Units, which makes 
them vulnerable to infections. In these cases, the 
culture and antibiogram are of extreme importance 
to guide appropriate treatment1,2,4,6,11.

Due to the above, the objective of this study was 
to carry out a review of the literature of the past ten 
years on tracheotomy pediatric patients in order to 
characterize the bacteria found in tracheal aspirates.

METHODS

A literature review was conducted in the Latin 
America and Caribbean Health Sciences Literature 
(Lilacs), SciELO, National Library of Medicine (Med-
line Plus), and PubMed databases. 

In the Medline and PubMed databases, the MeSH 
terms “tracheostomy” and “tracheotomy” were used 
associated with “infections”, “children”, “child”, and 
“bacterial” as qualifiers. 

On the SciELO, Lilacs, and Cochrane databases, 
we used combinations of the terms “tracheostomy” 
and “tracheotomy”, “infections”, “children”, “child”, 
and “bacterial”.

The articles were evaluated independently by two 
of the authors of the study. The inclusion criteria for 
article selection were: English, Portuguese, or Span-
ish language, published over the past ten years (2008-
2018), with participants aged from 0 to 15 years who 
used a tracheostomy tube, as well as studies that char-
acterized the tracheal aspirates.

The exclusion criteria were: editorials, guidelines, 
advice, opinions, reviews, reports and case series, the-
ses, as well as duplicate articles. We also excluded 
studies that did not evaluate the tracheal secretion, as 
well as studies on animals, studies of viral infections, 
studies with different types of samples, and studies 
that did not specify which samples were from trache-
otomy patients. 

RESULTS

During the research, we found 512 studies related 
to the subject, of which 19 were used for the review. 
The flowchart of the inclusion process is presented 
in Figure 1.

The total number of children evaluated in the 
studies selected was 4,472, with an average age of 

respiratory tract infections (URTI), such as diphtheria, 
were one of the most common reasons for perform-
ing the procedure. With the implementation of new 
immunization programs, the epidemiological profiles 
of infections have changed, which reduced the need for 
the procedure2. Currently, the indications for trache-
ostomy are acute respiratory failure, prolonged intu-
bation, neurological disorders or lesions; the first two 
are the most common. Such indications increase the 
survival of children, especially of newborns, which 
results in an increased frequency of the procedure in 
pediatric patients1,3.

Despite the benefits, children who undergo tra-
cheostomy are more susceptible to respiratory infec-
tions. The presence of the tube diverts the air passage 
from the nasal and oral cavities, which provide natural 
protection, and creates a direct doorway for micro-or-
ganisms to enter the lower respiratory tract. The 
mucociliary clearance of the nasal mucosa and cough-
ing, which clean the lower airways by expelling secre-
tions and possible intruding agents, are also absent in 
these cases. Similarly, the long-term presence of the 
tube causes an inflammatory reaction of the tracheal 
mucosa, which increases the risk of infection since 
this is a strategic location for the colonization of sev-
eral bacteria and for biofilm formation4-6. 

Biofilm is easily formed in this region because 
bacteria adhere strongly to the surfaces of tubes, 
forming a matrix that confers protection against 
various types of attacks, such as from the action of 
the immune system and antibiotics, which results in 
subsequent infections with greater frequency5. Bacte-
rial pneumonia, aspiration pneumonia, and bacterial 
tracheitis were the pathologies reported with greater 
frequency in children who underwent tracheotomy, 
and bacterial pneumonia was for the highest number 
of hospitalizations7.

The tracheostomy cannula is an environment with 
favorable conditions for the growth of Pseudomonas 
aeruginosa (P. aeruginosa), and a direct doorway, due to 
the incision of the trachea, for colonization by Staph-
ylococcus aureus (S. aureus). These species are found 
with greater frequency in tracheostomy tubes, but 
other micro-organisms have been reported too2,4,5,8. 

There is a clinical difficulty to identify the etiologi-
cal agent involved in respiratory infections of tracheot-
omy patients, because tracheal secretion cultures also 
show colonizing bacteria, and are usually indicated 
when the child is already under an infectious pro-
cess6,9,10. However, there is a need for greater caution 
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7.5 years. The studies were conducted in 13 different 
countries, and the United States had the largest num-
ber of cases. Regarding gender, there was a 84% prev-
alence of males. With respect to the infection rates, 
13 studies reported this index, of which two reported 
100% of infection, six a rate higher than 50%, and the 
others a rate lower than 50% (Table 1).

All 19 studies described the bacteria found in 
the secretions of children who underwent tracheot-
omy. Twelve types of bacteria were more frequent 
and are described in Figure 3. P. aeruginosa was the 
most predominant bacteria, referenced in all studies, 
followed by S. aureus (63.1%), Klebsiella pneumoniae 
(57.8%), Streptococcus pneumoniae (47.3%), and Steno-
trophomonas maltophilia (47.3%).

The bacteria found less frequently were Proteus 
mirabilis and Morganella morganii, mentioned in only 
two studies (Figure 2). 

DISCUSSION

We found in the present review several reports of 
tracheostomy in pediatric age patients, especially in 
children younger than 12 months1,6,16,19, because the 
procedure is directly related to the increase of survival 
both of premature newborns with congenital malfor-
mations and of children of other ages who require 
mechanical ventilation for any particular purpose.

In relation to gender, from a total of 19 studies, 
16 reported tracheotomy procedures with a greater 
frequency in male children 1,3,4,6-15,17-20. This finding 
reflects the susceptibility of the gender to genetic or 
acquired diseases that require tracheostomy, which 
was also reported in another study on congeni-
tal diseases9.

Several studies have cited the infections as 
the major complications in children who undergo 

FIGURE 1. FLOWCHART OF STUDY SELECTION FOR LITERATURE REVIEW OF CHILDREN WHO UNDERWENT 
TRACHEOTOMY.

 

Figure 1. Flowchart of study selection for literature review of children who underwent tracheotomy. 
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TABLE 1. CHARACTERISTICS OF THE STUDIES INCLUDED IN THE LITERATURE REVIEW OF CHILDREN WHO 
UNDERWENT TRACHEOTOMY.

Author Country Year of publi-
cation

n Average age Male Infection

El Cheikh et al.9  Brasil 2018 20 2.8±3.6 y. 65% NE

Pérez-Losada et al. 12 Spain 2018 20 12 y. 70% NE

Sanders et al. 5 Colombia 2018 185 1.15 y.  NE 68%

Tan et al.6 China 2018 90 4.97 m. 65% 47%

Russell et al.12 USA 2017 3103 3 y. 57% 100%

Pérez-Losada et al.3 USA 2017 40 12.5 y. 73% 50%

Russell et al.7 USA 2017 103 NE 60% 100%

Willson et al. 13 USA 2017 104 5.9 y. 78% NE

McCaleb et al.8 USA 2016 93 0.84 y. 57% 71%

Pozzi et al. 14 Italy 2015 65 NE 60% 51%

Afolabi-Brown et al.15 USA 2014 20 12.7±8.9 y. 65% NE

Salcedo et al.1 Cuba 2014 14 2.5 y. 71% 71%

Balasubramanian & Tullu 16 India 2014 19 9 m. 8% NE

Lipový et al. 2 Czech Republic 2013 31 1.7 y.  NE NE

Patria et al. 17 Italy 2013 115 4.5 y. 51% NE

Cline et al.4 USA 2012 170  5.5 y. 61% NE

Ak et al.18 Turkey 2011 83  NE 59% 26%

Al-Samri et al.19 United Arab Emirates 2010 72 3.4 m. 60% 90%

Gutiérrez-Gutiérrez et al.20 Costa Rica 2009 125 5.5 y. 66% 36%
m.: months. y.: years. USA: USA: United States of America. NE: Not evaluated.

tracheostomy, especially when there is prolonged use 
since the tube causes irritation of the trachea and facil-
itates bacterial colonization, predisposing the devel-
opment of respiratory infections1,5,19.

In the review of studies that characterized the 
bacteria in tracheal secretions, P. aeruginosa was the 
most prevalent1-9,13-20. Sanders et al.5 highlight that 
children who use tracheotomy tubes for long periods 
are commonly colonized by P. aeruginosa, and in their 
study, there was an increase in the isolation of the 
bacteria after the use of tracheostomy. It is important 
to emphasize that the presence of the tube provides a 
direct link to the environment and that the protection 
mechanism of the upper respiratory tract is ineffective 
in such cases. In addition, P. aeruginosa is an envi-
ronmental bacterium often found in hospital environ-
ments, and due to its great capacity to form biofilms, 
mainly in plastic devices such as tracheostomy tubes, 
its control is extremely important to prevent or avoid 
future complications7. It is worth noting that almost 
half of the studies reviewed (47.3%) were performed 
on children admitted to hospitals or Intensive Care 
Units (ICU) 1,2,4,6,7,14,16-18.

S. aureus was the second most frequently 
reported bacteria in in secretions from the 

trachea1,2,4,5,9,11,13,14,17-20. Despite being a bacteria that 
colonizes the respiratory tract and skin, it can become 
pathogenic and lead to serious infections, especially 
in patients with prolonged use of the tracheostomy 
tube9. S. aureus is associated with several diseases, 
mainly due to the ease of its transmission, as well as 
to the various mechanisms of resistance to antibiotics, 
such as resistance to methicillin and vancomycin. Its 
participation in infectious processes is also related 
to its ability to form biofilms, especially in chronic 
cases, which is an aggravating factor for therapeu-
tic success21.

The biofilm is formed with the adherence of bacte-
ria to abiotic (plastics and metals) or biotic (tissue and 
cells) surfaces, developing a community surrounded 
by a polymeric extracellular matrix that confers pro-
tection against various types of attacks22. When we 
consider that the material of the studies reviewed is 
a biomedical device, implanted in a strategic region of 
the patient, such as the trachea, the reversible adhe-
sion between bacteria and surface is favorable to the 
direct formation of a biofilm23. Such formation pro-
vides protection against the immune system response, 
antibiotics, lack of nutrients or water, among others22. 
Thus, the formation of biofilm represents a major 
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RESUMO 

INTRODUÇÃO: Apesar dos benefícios, crianças traqueostomizadas estão suscetíveis a adquirir infecções respiratórias, pois o tubo se 
encontra em uma região estratégica, na qual existe colonização de diversas bactérias e formação de biofilme. O biofilme é formado 
quando as bactérias aderem fortemente às superfícies dos tubos, conferindo proteção contra diversos tipos de agressões, como o 
tratamento por antibióticos. 
OBJETIVO: Realizar uma revisão de literatura dos últimos dez anos sobre pacientes pediátricos traqueostomizados, no intuito de carac-
terizar as bactérias isoladas em secreções traqueais de crianças, verificando-se quais são as mais frequentes.
MÉTODOS: Dois autores pesquisaram nas bases de dados do Lilacs, SciELO, Medline Plus e PubMed. Termos MeSH utilizados: trache-
ostomy e tracheotomy usados associados a infections, children, chlid e bacterial como qualificadores. 
RESULTADOS: Dos 512 estudos relacionados ao tema, 19 foram selecionados para a revisão. O total de crianças avaliadas nos estudos 
foi de 4.472, com idade média de 7,5 anos. Quanto às bactérias encontradas nas secreções de crianças traqueostomizadas, 12 espécies 
de bactérias foram mais frequentes; P. aeruginosa foi a bactéria predominante, seguida de S. aureus (63,1%), Klebsiella pneumoniae 
(57,8%), Streptococcus pneumoniae (47,3%) e Stenotrophomonas maltophilia (47,3%).
CONCLUSÃO: Umas das principais complicações abordadas em pacientes traqueostomizados foram as infecções, já que o sistema 
respiratório é colonizado por diversas bactérias, que podem causar infecções graves, sendo estas associadas à formação de biofilmes. 
A bactéria predominante na maioria dos estudos foi a P. aeruginosa, e a segunda espécie comumente relatada foi a S. aureus.
PALAVRAS-CHAVE: Criança. Traqueia. Infecção. Biofilmes. Pseudomonas aeruginosa. Staphylococcus aureus.

concern in the treatment and management of patients 
with a tracheotomy tube, mainly due to the difficulty 
of antibiotic action on these communities. 

There are several mechanisms that hinder anti-
microbial activity, since the presence of the poly-
meric matrix of the biofilm hinders the physical 
penetration of antibiotics. With this, there is a 
delay in their dissemination; bacteria in a biofilm 
present reduced metabolic and growth rates due to 
the nutrient limitation, which makes the action of 
medication more difficult, since most medications 
act when the bacteria are in the process of cell divi-
sion22 and the resistant bacteria present in a biofilm 
are able to degrade or inactivate antibiotics before 
they act in sensitive bacteria. In addition to these 
factors, phagocytes also have difficulty in destroy-
ing the micro-organisms because their entry into 
the matrix of the biofilm is extremely difficult24. All 
these factors show the vulnerability of antibiotics 
faced with a biofilm. 

There is scarce information to guide professionals 
in the diagnosis and treatment of respiratory infec-
tions in children with tracheostomy tubes. It is known 
that the diagnosis can be achieved by X-ray of the tho-
rax, but it can also be based on clinical criteria, such 
as increased tracheal secretions accompanied by fever 
with tachydyspnea. In addition, there is a difficulty 
in establishing the etiologic agent involved in respira-
tory diseases since cultures of tracheal secretions are 
indicated in severe cases, in which there is a need for 
hospitalization. It is known that among the pathogens 
of the respiratory system are, in addition to bacteria, 
viruses, and fungi. To detect specifically what etiolog-
ical agent is causing the infection is a challenge and 

essential to implement the appropriate therapy3,6,9,10,11.
Regarding the control of respiratory infections 

in patients with tracheostomy tubes, an important 
measure is to regularly change the cannula, which, 
according to the literature, should be done monthly in 
order to avoid the formation of biofilm, which, in turn, 
can lead to infections of the lower respiratory tract10. 

Given the relationship between tracheostomy and 
infections, more studies are needed on the subject 
to differentiate colonization from infection, and it 
is essential to standardize the prognosis, diagnosis, 
and appropriate therapy to control diseases associated 
with the tracheotomy patients.

CONCLUSION

Despite the numerous benefits of tracheostomy, 
studies show there are several complications related 
to it. The main complication addressed is infection. 
The predominant bacteria found in most studies was 
the P. aeruginosa, a species with a great capacity to 
cause respiratory infections, and its treatment can be 
hampered by its ability to form a biofilm. The second 
species frequently reported in tracheal secretions was 
S. aureus, which can also lead to respiratory compli-
cations due to the procedure.

There were other species of bacteria reported 
in tracheal secretions, such as Klebsiella pneu-
moniae, Streptococcus pneumoniae, and Stenotro-
phomonas maltophilia.

Contribution of the authors 
All authors participated equally in the development 

of this work.
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INTRODUCTION

Lung cancer is among the most frequently diag-
nosed cancer types and is the leading cause of cancer 
deaths, with 1.82 million new cases and 1.6 million 
deaths in 2012 1,2. Lung cancer has a poor prognosis 
and a relatively low five-year relative survival ratio 
in relation to all types of cancer; 5-year survival 

in Europe ranges from 9.6% in the UK to 17.9% in 
Austria. Lung cancer patients have poor outcomes 
of treatment, resulting from the fact that most cases 
are diagnosed in the advanced stage of the disease. 
Nowadays, some studies,  like the NLST, advocate 
that screening for lung cancer in specific high-risk 

SUMMARY

OBJECTIVE: Lung cancer is the leading cause of cancer-related death. To reduce lung cancer mortality and detect lung cancer in early 
stages, low dose CT screening is required. A meta-analysis was conducted to verify whether screening could reduce lung cancer mortality 
and to determine the optimal screening program. 

METHODS: We searched PubMed, Web of Science, Cochrane library, ScienceDirect, and relevant Chinese databases. Randomized controlled 
trial studies with participants that were smokers older than 49 years (smoking >15 years or quit smoking 10 or 15 years ago) were included. 

RESULTS: Nine RCT studies met the criteria. LDCT screening could find more lung cancer cases (RR=1.58, 95%CI=1.25-1.99, P<0.001) 
and more stage I lung cancers (RR=3.45, 95%CI=2.08-5.72, P<0.001) compared to chest-X ray or the no screening group. This indicated 
a statistically significant reduction in lung-cancer-specific mortality (RR=0.84, 95%CI=0.75-0.95, P=0.004), but without a statistically 
reduction in mortality due to all causes (RR=1.26, 95%CI=0.89-1.78, P=0.193). Annually, LDCT screening was sensitive in finding more 
lung cancers. 

CONCLUSIONS: Low-dose CT screening is effective in finding more lung cancer cases and decreasing the deaths from lung cancer. Annual 
low-dose CT screening may be better than a biennial screening to detect more early-stage lung cancer cases. 

KEYWORDS: Randomized controlled trial. Meta-analysis. Triage. Early Detection of Cancer. Tomography, X-Ray Computed.
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Data extraction and quality assessment

Two investigators independently extracted the fol-
lowing data for each eligible study: name of the study, 
first author, year of publication, sample size, trial 
randomization, age, sex, smoking history, screening 
in past years, screening times, screen interval, total 
follow-up time. If there was any dispute, it would be 
solved by a third independent reviewer. The NHS 
Critical Appraisal Skills Programme (CASP) critical 
appraisal tool for RCTs was chosen for this meta-anal-
ysis as it covers sequence generation, allocation 
sequence concealment, blinding, incomplete outcome 
data, and selective outcome reporting 7.

Statistical Method
The relative risk (RR), 95% confidence interval (CI), 

and Forest Plot were produced using STATA14.0 to 
measure the effect of the low-dose CT screening on 
lung cancer. We calculated the Q-statistic (χ2) and I2 
statistics to quantify the heterogeneity. Heterogeneity 
was classified as low, moderate, and high when the 
cut-off points of I2 values reached 25%, 50%, or 75% 
respectively8. If I2>50% (I2-statistic) or P<0.1 (Q-sta-
tistic), it indicated an obvious heterogeneity; then, 
the random-effect model (DerSimonian and Laid 
method)9 would be used. Otherwise, the fixed-effects 
model (Mantel–Haenszel method)10 was used. Further-
more, subgroup analyses were conducted to explore 
the source of heterogeneity. The potential publication 
bias was assessed by using Begg’s test11 and Egger’s 
Test 12, which might exist when p< 0.05. Sensitivity 
analysis was used to search the extent to which infer-
ences might depend on a particular study or group of 
studies. Differences were considered as statistically 
significant if two-sided P-values were less than 0.05.

RESULTS
Characteristics of the eligible studies

In order to identify all eligible studies, a compre-
hensive process was performed. A total of 1434 articles 
were collected and reviewed. After excluding dupli-
cated papers, 1167 studies were left. Of these, 1107 
were removed since they were found to be review 
studies or not on the topic after screening the title and/
or abstract. The remaining 60 full-text articles were 
assessed for eligibility. Eventually, 9 eligible articles 
were included in the final meta-analysis (Figure 1), 
and their details are presented in table 1 3,13-20. Their 
quality ranged from moderate to high; most studies 

groups of smokers could reduce mortality3. The EU 
Position Statement (EUPS) argues that lung cancer 
screening with LDCT could save lives, and planning 
for implementation throughout Europe has started4. A 
meta-analysis containing nine randomized controlled 
trials and review articles up to 2013 showed that LDCT 
screening for lung cancer resulted in the detection of a 
greater total of lung cancer cases, stage I lung cancers, 
and decreased lung cancer-specific mortality5.

Apart from verifying whether LDCT screening 
could reduce mortality due to lung cancer in high-risk 
smokers, we also explored whether a less frequent 
screening scenario, like biennial screening, could be 
equally effective as the annual screening? UPS also 
considered the biennial screening scenario before 6.

METHODS
Data source and search strategy

Published studies were extensively searched 
through PubMed, Web of Science, Cochrane library, 
ScienceDirect (SD), CNKI (China National Knowledge 
Infrastructure), and CBM (Chinese biomedical Data-
base) in order to seek RCTs related to LDCT or X-ray 
screening for lung cancer. The date of the last search 
was February 26, 2019. To obtain additional relevant 
studies, we also scanned conference proceedings and 
reference lists. The following search terms were used: 
“LDCT”, “low dose helical CT”, “low dose CT”, “Low-
dose spiral CT”, “Low dose computed tomography”, 
“lung neoplasm”, “lung tumor”, “lung carcinoma”, 
“lung cancer”.

Inclusion Criteria and Exclusion Criteria
Each potentially eligible article was checked to 

see if they met all the following inclusion criteria: (1) 
the study design was a RCT (randomized controlled 
trial) comparing LDCT with x-ray or usual care; (2)par-
ticipants were smokers who had been smoking >15 
years or former smokers who stopped smoking 10 or 
15 years ago; (3) participants were over 49 years old; 
(4) the data of all lung cancers, stage I lung cancers, 
lung cancer-specific mortality, all-cause mortality 
were reported in detail; (5) for duplicated publica-
tions on the same population, the most recent ones 
with the most complete data set were included. The 
exclusion criteria were as follows: (1) the screening 
only involved other risk factors, like asbestos; (2) the 
participants had a history of previous cancer with a 
clinically established diagnosis.  



LOW-DOSE CT SCREENING CAN REDUCE CANCER MORTALITY: A META-ANALYSIS

REV ASSOC MED BRAS 2019; 65(12):1508-1514 1510

TABLE1. CHARACTERISTICS OF THE STUDIES INCLUDED IN THIS META-ANALYSIS.

Name 
of the study

Sample Size
(study: 
control)

Control  Age Male
(%)

Smoking History 
(py)/Former 
Smokers (yr)

Screening 
interval 
(year)

Screen-
ing
times

Median 
screening 
years

Median
Follow-up 
years

NLST3,29 2011 53454 (1:1)  CXR 55-74 59.0 >30/<15 1 3 5 6.5

Danish20 2015 4104 (1:1) usual care  50-70 50.0 >20/<10 1 5 4.81 9.8*

Dante17 2015 2450 (1:1) CXR 60-74 100.0 >20/<10 1 5 7 8.35

MILD13 2012 4099 (2:2:3) usual care  >65 66.3 >20/<10 1/2 5/3 4.4 4.4

German19 2015 4052 (1:1) usual care  50-69 64.7 >15/<10 1 3 5 5

Depiscan14 2007 765 (1:1) CXR 50-75 70.7 >20/<15 1 1 2 2

LSS16 2004 3318 (1:1) CXR 55-74 59.0 >30/<10 1 2 2 2

ITALUNG18 2017 3206 (1:1) usual care  55-69 65.2 >20/<10 1 4 9.3 9.3

China15 2018 472 (1:1) usual care 55-74 - >30/<15 2 3 2 2
py =pack-year *9.8person-y. The sex ratio in China was not displayed in the NLST criteria population concretely, but males were the majority. 

FIGURE 1.
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had explicit random assignment, concealed allocation, 
follow-up details, definite diagnosing criterion, and 
CT protocol. However, the double-blind could not be 
satisfied in the screening since the screening methods 
were evidently different between the treatment and 
control groups.

The nine studies included 38357 LDCT individu-
als and 37563 controls, both from high-risk lung can-
cer populations. The range of age was 50 to 70 years 
old; the average smoking history was 20 years, and 
the total screening years varied from 2 to 9.8 years. 
There were more males than females included in this 
analysis since most heavy smokers are male. The 
participants included in the meta-analysis were from 
Denmark, Italy, Germany, France, UK, China, and the 
United States.

Detection rate of total lung cancers
LDCT could find more lung cancers than the CXR 

or the no-screening group (RR=1.58, 95%CI=1.25-1.99, 
P<0.001), with high heterogeneity (χ2=32.96, I2=72.7%, 
P<0.001). In the meta-analysis pooled result, we could 
find more lung cancers by screening no matter how 
long the total follow-up was, i.e., more than 5 years 
(RR=1.35, 95%CI=1.06-1.72, P=0.015) or less than 5 
years (RR=2.16, 95%CI=1.59-2.95, P<0.001). The annual 
screening (RR=1.67, 95%CI=1.25-2.24, P<0.001) had a 
statistical significance in finding more lung cancers 
than biennial screening (RR=1.35, 95%CI=0.91-2.00, 
P=0.140).

Detection rate of stage I lung cancers
The pooled data of stage I lung cancers indicated 

that more early-stage cancers can be found by LDCT 

screening (RR=3.45, 95%CI=2.08-5.72, P<0.001), with 
high Heterogeneity (χ2=25.74, I2=72.8%, P=0.001). The 
low dose CT, with absolute superiority, could find not 
only more lung cancers but also more stage I lung 
cancers. 

After we proceeded to subgroup analyses regarding 
the detection rate of stage I lung cancers between the 
different types in the control group, we found there 
was no significant Heterogeneity in the CXR screening 
population [I2=0.0%, P=0.463].

Lung Cancer-Specific Mortality and All-cause 
mortality
Five studies reported Lung-Cancer-Specific Mor-

tality. After merging, we found the protective effect 
in the LDCT group was statistically significant com-
pared to the control group (RR=0.84, 95%CI=0.75-0.95, 
P=0.004), with moderate Heterogeneity (χ2=6.11, 
I2=34.5%, P=0.191). The merging result is presented 
in Fig 2. Six studies provided information on all-cause 
mortality. The results showed that there was no statis-
tically significant difference between the two groups 
(RR=1.26, 95%CI=0.89-1.78, P=0.193), with high Het-
erogeneity in the data (χ2=99.08, I2=95.0%, P<0.001). 

Sensitivity Analysis and Publication bias eval-
uation
To assess the stability of the studies, we per-

formed a sensitivity analysis using the leave-one-out 
method and reviewed the consistency of the results. 
We discarded each individual study to recalculate the 
Relative Risk. However, no single study influenced 
the pooled results significantly. Sensitivity analysis 
showed that the overall effect was evenly distributed 
in the trials included. The Begg’s Test and Egger’s 
Test were performed to evaluate publication bias of 
all the 9 studies. The results of Begg’s Test (Begg’s test: 
P=0.161) showed that the potential publication bias 
had no obvious influence, but Egger’s Test indicated 
publication bias (Eegg’s test: P< 0.001). 

DISCUSSION

In this analysis, we calculated both the detection 
rate and mortality. The results demonstrated that 
the low-dose spiral CT had an absolute advantage 
compared to the CXR in lung cancer screening to find 
a higher proportion of lung cancers and stage-I can-
cers. Besides, it can provide a reduction of lung can-
cer-specific mortality in the low dose CT screening 

FIGURE 2.
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group. As to deaths due to all causes, it did not man-
ifest a protective effect; this may be because smok-
ing is a risk factor of many cardiovascular diseases, 
which were the cause of death for older smokers. 
Moreover, mortality for causes other than lung can-
cer revealed that screening has no effect in reduc-
ing these deaths. Our results are consistent with 
the meta-analysis by Cuiping FU et al.5 regarding 
reduced lung-cancer-specific mortality. Compared 
to the meta-analysis by Cuiping FU et al. who, after 
collecting information in 2013, published, in 2016, 
two RCT articles not included in this meta-analysis, 
the American feasibility study 21 and the NELSON 
trial, 22 since they did not have complete two-arm fol-
low-up, nor did they report the results of the control 
group. The UK Lung Cancer Screenings in 2016 have 
not reported the results of the control group either 
23,24. To make the pooled results more reliable, the 
three RCT articles were not included in this analysis. 
Besides, the results did not vary greatly when adding 
the three studies in the meta-analysis. Furthermore, 
the lung cancer screening results of Danish, Dante, 
and Italung were updated in this analysis. Likewise, 
one 2015 study from German and one from China in 
2018 were added in this analysis.

Then we considered the potential optimal interval 
of screening. The biennial screening has lower het-
erogeneity than the annual LDCT screening by sub-
group analysis. Annual screening could find more 
lung cancers than chest-X rays or the no screening 
group, and the difference was statistically significant. 
However, the difference in lung cancer detection rate 
between the biennial screening and chest-X rays or the 
no screening group were not statistically significant. 
We also discussed the NELSON trial, in which the 
screening arm received LDCT screening at baseline, 
after 1 , 2, and 2.5 years 22. No significant differences 
were found in the detection rates between the 1-year 
and the 2-year interval screening, but stage distribu-
tions were different. Compared with 1-year interval 
screening, a lower proportion of stage I and a higher 
proportion of advanced (stage IIIb/IV) cancers were 
detected in the 2.5-year interval round; this differ-
ence was statistically significant. The 2.5-year round 
showed no statistical significance in stage distribu-
tions compared with the 2-year round. This indicates 
that the 2.5 years interval is too long, which reduced 
the effect of the screening. However, in the MILD trial, 
there was no statistical difference in stage distribu-
tion or mortality between the annual and biennial CT 

screening 13. Therefore, more qualified studies are 
needed to demonstrate the optimal interval of lung 
cancer screening.

Although lung cancer screening could detect more 
new lung cancers, its benefits and harms must be con-
sidered, such as the high rate of false positives and 
its cost-effectiveness, before widespread low-dose 
CT screening is implemented. In 2017, the European 
Union position statement declared that Lung cancer 
screening with low-dose CT could save lives, and it 
should start being implemented throughout Europe 
as soon as possible4.

Limitations of our study include the problem of 
the heterogeneity, which generally exists in many 
meta-analyses. What is more, a few articles did not 
have important data, which could not be obtained even 
after we wrote to the authors. Furthermore, the pub-
lication bias requires us to do more research with a 
higher-quality and larger sample. Furthermore, we 
only pooled the results of articles on smokers, but will 
other populations at risk of lung cancer benefit from 
CT screening? We could not draw a conclusion limited 
to finite studies. Some studies reported that screening 
might have an unintended health certificate effect in 
changing their lifestyle25 and cause them to give up 
or reduce smoking habits26. This indicates that lung 
cancer screening should be accompanied by a smoking 
cessation intervention in widespread populations to 
reduce lung cancer mortality since smoking cessa-
tion is the best and the most cost-effective approach 
to reducing the risk of lung cancer27. Furthermore, 
the Dutch-Belgian Lung Cancer Screening trial (NEL-
SON) is an ongoing randomized controlled trial that 
evaluates LDCT with a target of 10-year follow up 22. 
NELSON will assess survival, quality of life, smoking 
cessation, and cost-effectiveness. We are waiting for 
the results.

CONCLUSION

In conclusion, LDCT screening for lung cancer has 
been demonstrated to reduce deaths from lung cancer 
in high-risk smokers. Given its high sensibility to find 
early-stage lung cancer, it is promising to identify and 
cure more lung cancers in the early stage. An annual 
LDCT screening is effective in finding more early-stage 
lung cancers. More studies on both the positive and 
negative aspects are required to enrich the conclusion 
and make further efforts to reduce morbidity and mor-
tality from lung cancer.
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RESUMO 

OBJETIVO: O câncer de pulmão é a principal causa de mortes relacionadas ao câncer. Para reduzir a mortalidade por câncer de pulmão 
e encontrar câncer de pulmão em um estágio inicial, é necessária uma triagem por tomografia de baixa dose. Uma meta-análise foi 
emitida para testemunhar se a triagem poderia reduzir a mortalidade por câncer de pulmão e investigar o melhor programa de triagem. 

MÉTODOS: Pesquisamos PubMed, Web of Science, biblioteca Cochrane, ScienceDirect e relevante banco de dados chinês. Ensaios clínicos 
controlados aleatórios, em que os participantes eram fumantes com mais de 49 anos (tabagismo >15 anos ou parar de fumar 10 ou 15 
anos atrás) foram incluídos. 

RESULTADOS: Nove estudos RCT preencheram os critérios. O rastreamento de LDCT pôde encontrar mais cânceres de pulmão (RR=1,58, 
IC 95%=1,25-1,99, P<0,001) e mais cânceres de estágio I do pulmão (RR=3,45, IC 95%=2,08-5,72, P<0,001) em comparação com raio 
X do tórax ou nenhum grupo de triagem. Ele indicou uma redução estatisticamente significativa na mortalidade específica do câncer 
de pulmão (RR=0,84, IC 95%=0,75-0,95, P=0,004), mas sem uma redução estatisticamente significativa na mortalidade por todas as 
causas (RR=1,26, IC 95%=0,89-1,78, P=0,193). Anualmente, o rastreamento de LDCT foi sensível em encontrar mais cânceres de pulmão. 

CONCLUSÕES: A triagem de TC de baixa dose é eficaz para encontrar mais cânceres de pulmão e diminuir as mortes por câncer de 
pulmão. Para encontrar mais cânceres de pulmão em estágio inicial, a triagem anual de tomografia de baixa dose pode ser melhor do 
que a triagem bianual.

PALAVRAS-CHAVE: Ensaio clínico controlado aleatório. Meta-análise. Triagem. Detecção precoce de câncer. Tomografia computadorizada 
por raios X.
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