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Artificial intelligence (AI) has long fascinated humanity and has been vividly depicted in several
movies, such as “2001: A Space Odyssey” with HAL 9000 and “The Terminator” with Skynet.
The topic has gained even more traction in recent years, both in the media and everyday life
with the advent of tools such as ChatGPT (Open AI), which was launched in November 2022.
These Al applications are now utilized for a wide range of tasks, from seeking travel advice to
generating intricate mathematical tables for economic studies.

In this brief editorial, we will explore an Al application that significantly impacts the quality
and volume of both general and medical science: the use of Al in scientific writing. According to
ChatGPT, scientific writing “is a writing style used to present research information and results
clearly, concisely, and accurately, following specific rules and structures. It is essential for the dis-
semination of scientific knowledge, enabling researchers, professionals, and the general popula-
tion to understand, evaluate, and replicate studies and experiments”'

As conducting scientific research and preparing data for publication are tasks that demand
substantial time and effort, even for seasoned authors, AI tools have garnered significant interest
from numerous researchers. In 2024, Weidman? listed useful Al-based tools that are beneficial
in various stages of the research process. These include tools for designing research questions
(Elicit AI), identifying scientific databases (Search Smart), reviewing and analyzing the literature
(Litmaps, Consensus, Connected Paper, ResearchRabbit, Scite, OpenRead), interpreting and syn-
thetizing data (ChatGPT4, ResearchGPT, Lateral), structuring and writing academic papers and
scientific articles for publication or for securing funding (Jenni.ai, Quillbot), translating texts into
English (Google Translator, ChatGPT), and checking grammar (Grammarly).

AT tools can undoubtedly expedite various stages of scientific writing, including data analy-
sis and statistics. They assist in recognizing data trends, providing contextual information, and
enhancing linguistic accuracy, which is particularly crucial for non-native English-speaking authors.
However, certain tasks still necessitate human intervention: reasoning, applying and integrating
knowledge to address complex problems, demonstrating true creativity, and developing ground-
breaking theories.? The value of Al-generated outputs heavily relies on the breadth and quality of
the sources powering these tools.? Often, these sources lack transparency and exhibit inconsis-
tent quality, both within a single tool and across tools, depending on how queries are formulated.

Authorship and plagiarism have also sparked considerable debate. As Al generates contents based
on existing sources, and these sources may not be clearly referenced, the resulting material might be
considered plagiarized.* This raises the question of who should receive credit for AI-generated content:
the person who created the question, the one who typed the prompt, the programmer, or the AT owner?

Furthermore, the way human authors interpret and use Al-generated content is a cause for
concern. According to Anderson and Rainie, “considering the lack of user understanding of how
these models derive their outputs, there are significant concerns about objectivity, bias, and fair-
ness. This can lower the quality of academic work and oversimplify subtle academic arguments,
ultimately leading to a loss of innovation and original critical thinking”?

In conclusion, Al tools can significantly assist the scientific process by enhancing the con-
struction of scientific knowledge. However, their proper and human-supervised use, along with
addressing referencing and plagiarism issues, remain critical concerns that need to be debated

and regulated by the global scientific community.
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ABSTRACT
BACKGROUND: Some maternal characteristics are related to alcohol intake during pregnancy, which irre-
versibly compromises the maternal-fetal binomial integrity.
OBJECTIVES: To identify the frequency, impact, and factors associated with alcohol consumption
during pregnancy.
DESIGN AND SETTING: A cross-sectional study was performed at the Hospital Materno Infantil Presidente
Vargas (HMIPV) in Porto Alegre/RS between March and December 2016.
METHODS: A structured questionnaire was administered along with a medical records review. They refer
to the maternal sociodemographic and gestational status, alcohol consumption patterns, and characteris-
tics of the fetus/newborn. In the statistical analysis, P values < 0.05 were considered significant.
RESULTS: The frequency of alcohol intake was 37.3%; this was characterized by the consumption of fer-
mented beverages (89.3%), especially during the first trimester (79.6%). Risky consumption (high and/
or early) occurred for 30.2% of participants. Risk factors associated with maternal alcohol consumption
during pregnancy were tobacco use (P < 0.001) and abortion attempt (P = 0.023). Living with a partner
(P =0.002) and planning pregnancy (P = 0.009) were protective factors. Risky consumption was related to
all of the aforementioned variables as well as threatened abortion (P = 0.023).
CONCLUSIONS: Alcohol intake during pregnancy is common and affects nearly one-third of pregnant
women. Knowledge of the population at risk and protective factors is essential for the development of
campaigns that seek to reduce consumption and, therefore, its consequences for the mother and fetus.

INTRODUCTION

Health problems related to alcohol consumption are usually associated with males. However,
changes in the social role of women have led to a decrease in this difference.! Over time, a pro-
gressive rise in the use and abuse of alcohol by women has been observed,? even at childbearing
age, which has led to an increasing number of obstetric and neonatal complications.> According
to the World Health Organization (WHO), the global prevalence of alcohol intake is 9.8%.*
In Brazil, this reality is even more concerning, with frequencies ranging from 6% to 60%.>”

Some maternal characteristics are associated with an increased frequency and amount of
alcohol intake during pregnancy. These include lifestyle, psychological factors, alcohol consump-
tion patterns, concomitant drug use, social vulnerability, and aspects related to family structure,
such as single motherhood.® The lack of prenatal care and pregnancy planning also appears to
be important predisposing factors.*'

Alcohol can cause injuries in one in every 100 live births exposed during pregnancy,' and
there is no safe consumption amount. Therefore, abstinence is the best and safest conduct to be
followed."> Alcohol directly acts on fetal and maternal-fetal tissue and, indirectly, on nutrients
and oxygen supply, which can result in devastating and irreversible effects on the embryo/fetus.
Consequently, the spectrum of fetal consequences may be wider, ranging from only cognitive
and behavioral disorders to fetal alcohol syndrome.!*'s

Thus, these effects and consequences highlight the importance of early detection and profil-
ing of women at risk of alcohol use during pregnancy. This will enable the development of more

effective management and follow-up approaches.
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OBJECTIVE

Considering the scarcity of Brazilian epidemiological studies
related to this issue, our aim was to identify the impact and fac-
tors associated with alcohol intake in pregnant women who gave

birth at a reference hospital in southern Brazil.

METHODS

This was a prospective cross-sectional study carried out at the
Hospital Materno Infantil Presidente Vargas (HMIPV) that
included pregnant and postpartum women and their respective
newborns who utilized the hospital’s obstetrics service at birth from
March to December 2016. All patients were users of the Unified
Health System (in Portuguese, Sistema Unico de Saiude - SUS),
which is the current public health system in Brazil. The HMIPV is
located at Porto Alegre and is a reference hospital for maternal and
child care in the State of Rio Grande do Sul (RS).

Trained members conducted a pilot study and applied the
clinical protocol. Data were collected through direct interviews
with puerperal women during rooming in shortly after delivery.
The medical records of the mothers and their respective newborns
were also reviewed. The data collected included sociodemographic
and gestational history findings, fetuse/newborns characteristics,
and the use of drugs, including alcohol, during pregnancy. The sam-
ple comprised 570 women who were divided into two groups: 1)
those who did and 2) did not consume alcohol during pregnancy.

Maternal age was stratified into women aged 20 years or
younger, those 21-34 years, and those 35 years or older.'® Origin
was classified by whether the patient lived in Porto Alegre, metro-
politan region, or countryside town of the state. Puerperal wom-
en’s education was classified as incomplete elementary education,
complete elementary education, and complete secondary education
to higher education.”” The number of residents per house into two
groups: from one to five and from six to 14 individuals.'® Family
income was categorized into one minimum wage (BRL 880.00 at
the moment of the study) or more per household. Women were
divided into primiparous or multiparous groups according to their
number of pregnancies.'” Prenatal care was divided by trimester of
beginning (in first, second, or third)* and by consultations num-
ber (fewer than six or six or more).?!

Women were asked about quarter(s) of alcohol consumption;
alcohol amount consumed and intensity, frequency, and type of
drink. All beverage measurements were converted and presented
according to international (10 g of pure alcohol per serving)? and
national standards (14 g of pure alcohol per serving). This cor-
responds to approximately 350 mL of beer, 150 mL of wine, or
45 mL of hard liquor.?

Alcohol consumption amount was categorized as low (1-20 g/
day), moderate (21-40 g/day) or high (=41 g/day).” Binge drink-

ing episodes and heavy episodic drinking were assessed according

to WHO guidelines and defined as the consumption of 60 g or
more of pure alcohol, or about four servings or more on at least
one occasion.”? Drink types were questioned and classified into
fermented (beer, sparkling wine, and wine) and distillates (whis-
key, vodka, “cachaga,” “caipirinha;” and tequila). Consumption
frequency was classified as monthly or less, two to four times a
month, two to three times a week, or four or more times a week.
Women who answered affirmatively to at least one of the follow-
ing variables were categorized as engaging in risky consumption:
period of use in the first trimester, consumption frequency of four
or more times a week, high amount consumption (= 41 g/day), or
positive for binge drinking episodes.?

Prematurity was defined as gestational age at birth less than
37 weeks? and low birth weight as below 2,500 grams.? For Apgar
scores, values greater or less than 7 were considered at the first and
fifth minutes of life.”” When fetal malformations were present, they
were classified as isolated or multiple and specified according to
the medical records description. In assessing microcephaly, the
measurement of the newborns head circumference was consid-
ered both for gestational age at birth (absolute) and after correc-
tion, considering baby’s length (relative or true).”

The results for qualitative variables are presented as frequen-
cies and percentages, and the quantitative variables are shown as
averages and standard deviations. Normality was verified using the
Shapiro-Wilk test and histogram inspection. Sociodemographic
and gestational factors associated with alcohol consumption were
evaluated using a Poisson regression analysis with robust variance
adjustment. Prevalence ratio (PR) measurements are presented
with a 95% confidence interval. For multivariate analysis, vari-
ables with P < 0.20 in the Wald test were selected. To evaluate the
characteristics of fetuses and live births, Student’s t-test and chi-
square tests were applied, as was Fisher’s exact test when appropri-
ate. The results were considered statistically significant at P < 0.05.
The analyses were performed using SPSS statistical software (SPSS
Inc., Chicago, United States, Release 22.0, 2013).

This study was approved by the Research Ethics Committee of
HMIPV on October 10,2017 (CAAE 09909712.3.1001.5329), and
the Universidade Federal de Ciéncias da Satide de Porto Alegre
(UFCSPA) on January 12, 2018 (CAAE 9909712.3.3001.5345).

The study was only performed after informed consent assignment.

RESULTS
The total sample consisted of 570 women, ages ranging from 12
to 45 years (mean 25.1, SD +7.1). Gestation was recognized at an
average of 11.6 weeks. Paternal ages ranged from 15 to 60 years
(mean 28.5, SD * 8.5). The average number of maternal pregnan-
cies was 2.32 (range 1-12).

Alcohol consumption was reported by 213 women (37.3%).

Age was similar between women who consume and did not consume



alcohol (mean age of 24.9 [SD * 6.8] and 25.2 years [SD * 7.2]
respectively; P = 0.5887). Most women who drank alcohol during
pregnancy consumed low amounts (64.2%; moderate: 16.9%; high:
18.9%). However, approximately one in every four women (24.9%)
reported binge drinking episodes. Fermented beverages were the
main type of beverage consumed (89.3%), with beer representing
the most common (82.1%), followed by vodka (17%) and wine
(9.2%). Almost 13% of women drank both fermented and distilled
beverages during pregnancy. Most drank monthly or less (63.9%;
two to four times a month: 27.4%; two to three times a week: 6.7%;
and four or more times a week: 1.9%). The first trimester was the
most commonly reported period of alcohol use (79.6%), with a
decreasing trend in the other trimesters (second trimester: 48.3%;
third trimester: 33.6%). Continuous use throughout pregnancy
was reported by 21.8% of women.

Table 1 presents the consumption of alcoholic beverages during
pregnancy according to maternal sociodemographic character-
istics. There was a significant association between presence of a
partner and lower alcohol consumption (PR = 0.66; 95%CI: 0.53-
0.83; P < 0.001). However, beverage consumption was significant
in two situations: when the pregnancy was unplanned (41.9%;
PR =0.72; 95%CI: 0.57-0.91; P = 0.006) and when some abortive
intervention was carried out (71.4%; PR = 1.93; 95%CI: 1.20-3.13;
P =0.007; Table 2).

Drinking during pregnancy was associated with both concom-
itant use of illicit (PR = 2.20; 95%CI: 1.72-2.80; P < 0.001) and licit

drugs (tobacco; PR = 1.96; 95%ClI: 1.61-2.39; P < 0.001) as well as use
during the first trimester of pregnancy (P < 0.001). Alcohol intake
during gestation occurred in 78.3% of women who had used illicit
drugs and 59.6% of those who smoked. Approximately three out
of four marijuana users had consumed alcohol. Only eight women
reported using cocaine (3.8%), and three crack (1.4%). All of them
reported using alcohol simultaneously (Table 3).

None fetal or newborn characteristic was associated with con-
sumption of alcoholic beverages by women. However, ‘multiple”
malformations were most predominant in the group of fetuses
exposed to alcohol (46.2%; Table 4).

Multivariate analysis showed that trying to terminate the
pregnancy increased the chance of alcohol consumption by
63% (PR = 1.63; 95%CI: 1.04-2.54; P = 0.032), while smoking
increased it by 90% (PR = 1.90; 95%CI: 1.55-2.32; P < 0.0001;
Table 5). However, the presence of protective factors is note-
worthy. The likelihood of alcohol consumption for a pregnant
woman with a partner was 23% lower than that for women
with no partner (PR = 0.77; 95%CI: 0.61-0.97; P = 0.024). In
addition, planning the pregnancy reduced the chance of alco-
hol consumption by one quarter (PR = 0.75; 95%CI: 0.59-0.94;
P =0.013; Table 5).

Risky alcohol consumption was observed in 171 women
(30.2%) and was associated with attempt to terminate the preg-
nancy (PR = 1.92; 95%CI: 1.17-3.13; P = 0.009), threat of abor-
tion (PR = 1.45;95%CI: 1.05-1.99; P = 0.023), and tobacco use

Table 1. Consumption of alcoholic beverages according to maternal sociodemographic characteristics

Total* Alcohol use
Variables (n=570) (n=213) % P value PR 95%Cl
n n
<20 years 183 68 37.2 1
Age group 21 to 34 years 319 123 38.6 0.757 1.04 0.82
2> 35 years 68 22 324 0.489 0.87 0.59
Porto Alegre 391 155 39.6 1
Origin Metropolitan area 151 49 325 0.132 0.82 0.63
Countryside town 28 9 32.1 0.456 0.81 0.47
Yes 228 90 39.5 1
Employed (n = 568)*
No 340 123 36.2 0.424 0.92 0.74
| lete el t
ncomplete e 'emen ary 200 29 SO g
education
| |
Education Complete elementary 188 69 36.7 0.571 093 072
education
Complete secondary
. . . 178 62 34.8 0.351 0.88 0.68
education to higher education
No 100 52 52.0 1
Presence of partner
Yes 470 161 343 0.000 0.66 0.53
o Less than R$ 880 112 41 36.6 1
Family income (n = 550)*
> R$ 880 438 164 374 0.871 1.02 0.78
Number of residents per < 5individuals 315 110 349 1
house (n = 566)* > 5 individuals 251 101 40.2 0.193 1.15 0.93

1.31
1.29

1.06
141

0.83

1.34

1.43

Quantitative variables are presented as means and standard deviations in the text; *Number of valid answers; PR = Crude prevalence ratio; Cl = Confidence interval.



(PR =2.10; 95%CI: 1.66-2.65; P < 0.0001). The presence of a partner
(PR = 0.66; 95%CI: 0.51-0.86; P = 0.002) and planned pregnancy
(PR = 0.74;95%CI: 0.56-0.97; P = 0.027) were protective factors
against risky alcohol consumption (Table 6).

DISCUSSION
This study identified a high frequency of alcohol consumption in

pregnant women (37.3%), similar to other Brazilian studies, such

as those that took place in Sdo Paulo (33.3%),° Rio de Janeiro
(40.6%),”® and Teresina (32.4%).” These frequencies are higher
than those reported in developed countries (10.2%).*° In addition
to methodological and sampling differences, some factors, such
as effectiveness of public health policies and cultural disparities,
may have contributed to such inequalities.”® In general, alcohol
consumption in developed countries is seen more negatively than

in Latin America.!

Table 2. Consumption of alcoholic beverages according to gestational characteristics

Total*
Variables (n=570)
n
Pl d No 351
anned pregnanc
pred y Yes 219
. Multiparous 340
Number of gestations .
Primiparous 230
X No 563
Attempted abortion
Yes 7
No 12
Prenatal care
Yes 558
. > = 6 consultations 430
Number of consultations (n = 555)* R
< 6 consultations 125
1 375
Beginning of prenatal care (n = 558)* 2 166
3 17
No 518
7z
Yes 51

*Number of valid answers; PR = Crude prevalence ratio; Cl = Confidence interval.

Table 3. Consumption of alcoholic beverages according to concomitant use of drugs during pregnancy

Alcohol use
(n=213) % P value PR 95%ClI
n
147 41.9 1
66 30.1 0.006 0.72 0.57 0.91
128 37.6 1
85 37.0 0.867 0.98 0.79 1.22
208 36.9 1
5 714 0.007 1.93 1.20 3.13
6 50.0 1
207 37.1 0.310 0.74 0.42 1.32
157 36.5 1
50 40.0 0.471 1.10 0.85 1.40
132 35.2 1
71 42.8 0.087 1.22 0.97 1.52
4 23.5 0.363 0.67 0.28 1.59
189 36.5 1
24 471 0.110 1.29 0.94 1.76
% P value PR 95%ClI
35.6 1
78.3 0.000 2.20 1.72 2.80
35.8 1
77.3 0.000 2.16 1.68 2.78
304 1
59.6 0.000 1.96 1.61 2.39
30.7 1
594 0.000 1.94 1.59 2.36
36.0 1
75.0 0.000 2.08 1.58 2.75
36.0 1
73.7 0.000 2.05 1.53 274
36.5 1
100 0.000 2.74 2.46 3.06
36.5 1
100 0.000 2.74 2.46 3.06
37.0 1
100 0.000 2.70 243 3.01
37.0 1
100 0.000 2.70 243 3.01

Total* Alcohol use
Variables (n=570) (n=213)
n n
U fillicit d duri No 547 195
se of illicit drugs during pregnanc
9 9 preg y Yes 23 18
Use of illicit drugs during No 548 196
1st trimester of pregnancy Yes 22 17
Tob duri No 434 132
obacco during pregnanc
g pregnancy Yes 136 81
X No 437 134
Tobacco 1st trimester
Yes 133 79
" No 550 198
Marijuana
Yes 20 15
. . No 550 198
Marijuana 1st trimester (n = 569)*
Yes 19 14
i No 562 205
Cocaine
Yes 8 8
. . No 562 205
Cocaine 1st trimester (n = 569)*
Yes 7 7
No 567 210
Crack
Yes 3 3
X No 567 210
Crack 1st trimester (n = 569)*
Yes 2 2

*Number of valid answers; PR = Crude prevalence ratio; Cl = Confidence interval.



Table 4. Fetus or newborn characteristics according to maternal consumption of alcoholic beverages during pregnancy

. Total® Alcohol use
Variables % P value PR 95%Cl
n* n*
i No 550 204 37.1
Malformation
Yes 33 13 394 0.787 1.06 0.69 1.64
X Multiple 9 6 66.7 1
Type of Malformation
Isolated 24 7 29.2 0.037 0.44 0.20 0.95
. No 580 214 36.9 1
Thoracic
Yes 3 3 100.0 0.000 2.71 2.44 3.01
No 580 215 371 1
Skeletal
Yes 3 2 66.7 0.154 1.80 0.80 4.03
) ) No 580 215 37.1 1
Gastrointestinal
Yes 3 2 66.7 0.154 1.80 0.80 4.03
) No 572 212 37.1 1
Urinary tract
Yes 11 5 45.5 0.542 1.23 0.64 2.36
" No 578 215 37.2 1
Extremities
Yes 5 2 40.0 0.895 1.08 0.37 3.16
No 580 216 37.2 1
Abdomen
Yes 3 1 333 0.892 0.90 0.18 445
No 573 215 375 1
Central nervous system
Yes 10 2 20.0 0.322 0.53 0.15 1.85
No 578 215 37.2 1
Other
Yes 5 2 40.0 0.895 1.08 0.37 3.16
i >=37 502 186 371 1
Prematurity
<37 73 28 384 0.828 1.04 0.76 1.41
. . >=2,5009 506 187 37.0 1
Low birth weight
<2,5009 69 27 39.1 0.723 1.06 0.77 1.45
. No 473 175 37.0 1
Absolute microcephaly (n = 489)°
Yes 16 7 43.8 0.563 1.18 0.67 2.09
L No 482 179 37.1 1
Relative microcephaly * (n = 489)°
Yes 42 16 38.1 0.902 1.03 0.68 1.54
>=7 518 185 35.7 1
Apgar 1 < 7* (n =569)°
<7 51 25 49.0 0.040 1.37 1.01 1.86
>=7 562 206 36.7 1
Apgar 5 < 7* (n = 569)°
<7 7 4 57.1 0.181 1.56 0.81 2.99

*Relative microcephaly corrected for the length of the baby; Apgar 1<7/Apgar 5<7 = values greater or less than 7 in the first and fifth minutes of life; a. Number
of fetuses/neonates, considering deaths and valid responses; PR = Crude prevalence ratio; Cl = Confidence interval.

Table 5. Multiple regression analysis of factors associated Table 6. Multiple regression analysis of factors associated with risky
with alcohol consumption during pregnancy consumption during pregnancy
Variables P value PR 95%Cl Variables P value PR 95%Cl
Marital status = With partner 0.024 0.77 0.61 0.97 Marital status = with partner 0.002 0.66 0.51 0.86
Planned pregnancy = Yes 0.013 0.75 059  0.94 Planned pregnancy = Yes 0.027 0.74 0.56 0.97
Attempted abortion = Yes 0.032 1.63 1.04 2.54 Attempted abortion = Yes 0.009 1.92 117 3.13
Smoking = Yes 0.000 1.90 1.55 2.32 Threat of abortion = Yes 0.023 1.45 1.05 1.99
Valid variables with P < 0.20 in the Wald test were included in the Smoking = Yes 0.000 210 1.66 265
analysis: PR = Adjusted prevalence ratio; Cl = Confidence interval. Valid variables with P < 0.20 in the Wald test were included in the analysis;

Risk consumption considered women who answered affirmatively to at least
one of the variables: quantity (high > = 41g/day), frequency (4 or > week), EBP
(positive), and consumption in the first trimester; PR = Adjusted prevalence ratio;
Cl = Confidence interval.

The results obtained in our study about the use of alcohol in the
first trimester of pregnancy and the occurrence of binge drinking
episodes among pregnant women were cause for concern. They
were similar to those reported by other authors*'° and highlight the  of fetal involvement. Moreover, excessive levels of alcohol intake
progressive tendency of the female population to consume more  have increased the risk for worse neonatal outcomes.*
alcohol at abusive levels.*? Early consumption of alcohol within the Alcohol consumption most often occurred in an occasional

first trimester has been associated with a 12-fold greater chance =~ way and in low quantities; this fact reflects the underestimation



of the harmful effects even for small amounts."! In addition, the
drinks mainly consisted of fermented beverages, especially beer
and derivatives, which may also demonstrate an underestimation of
the potential risk of these beverages compared to distilled drinks.**

The absence of a partner has been shown to be closely related to
alcohol consumption by women during pregnancy.**'* According
to the Centers for Disease Control and Prevention (CDC), alcohol
consumption is almost twice as common among pregnant women
with no partner. In addition, the frequency of excessive consump-
tion among these women is significantly higher.* This finding is
often related to other risk factors for alcohol consumption, such as
unplanned pregnancies, as well as low socioeconomic status, with
the mothers usually being the main or only providers of income.*
Notably, in the present study, the presence of a partner was a pro-
tective factor for alcohol consumption, which may be related to
greater financial and emotional stability as well as family support.

Another protective factor identified in this study was preg-
nancy planning. There are reports in literature of substantially less
alcohol consumption by women during pregnancy when there is
intention and planning to become pregnant.** Failure to plan and,
consequently, delay to recognize the pregnancy, can lead many
women to engage in harmful behaviors, including the consump-
tion of alcoholic beverages.' This fact helps to clarify the high fre-
quency of alcohol intake (79.6%) during the first trimester observed
in our study. In addition, women tend to be more careful about
what they consume when pregnancy is planned, as they are more
aware of possible risks for the fetus due to alcohol consumption.*

The use of pregnancy termination methods was associated
with risky alcohol intake in our sample. This association is well
described in the literature.** This may be linked to pregnancy
rejection because it is unwanted.

Threatened abortion was the only variable that showed an
exclusive association with at-risk alcohol consumption in this study.
According to the literature,* women who consume more than five
drinks per week have a significantly greater chance of miscarriage.
This problem occurs because alcohol is one of the main substances
responsible for childbirth-related problems.*

As previously described in the literature,>'>*' we found that
smoking was an important factor associated with risky alcohol
consumption. The simultaneous use of alcohol and tobacco can be
explained by the legality and wide availability of these substances
as well as by the common maternal risk factors for their use during
pregnancy, which are usually related to the vulnerability presented
by these women.*? In addition, studies have identified neurotrans-
mitters and nicotine receptors that interact with both substances
and mediate effects involved not only in their sensitivity but also
in dependence.”

The most discussed and described fetal malformations associ-

ated with alcohol consumption belong to the spectrum of findings

observed in individuals with FAS.!* However, some studies point
to possible associations between maternal alcohol consumption
and the occurrence of other anomalies.*’ In the present study, no
major fetal/neonatal malformation was associated with the con-
sumption of this substance. Alcohol can cross the placental bar-
rier and directly interfere with embryonic and fetal development.
However, there is no single mechanism that can explain all of the
harmful effects of alcohol on the fetus or the precise alcohol amount
that can cause malformations.’

Other factors have been associated with alcohol consumption
during pregnancy, such as low education and socioeconomic level,
advanced maternal age, and lack of prenatal care.>** However,
we did not find significant relationships among them in the pres-
ent study.

Despite the care we took in terms of both sample size and data
collection and analysis, we cannot rule out possible limitations
such as memory bias. Previous literature indicates that parents
who have children with malformations tend to remember more
details about their previous history, such as the use of substances

during pregnancy.**

CONCLUSION
Therefore, alcohol intake during pregnancy is common at our
hospital. There is also high use during the first trimester as
well as preferential consumption of fermented products and in
abusive amounts, which represents important cause for con-
cern. This risk of alcohol intake applies mainly to women who
smoke, attempt pregnancy termination, or have a threat of
miscarriage. However, there are protective factors such as the
presence of a partner and pregnancy planning. Considering
the unique characteristics of this vulnerable population, these
findings may be important in the development of more effec-
tive campaigns for the avoidance of alcohol consumption by
women during gestation.

Moreover, healthcare professionals should be prepared to iden-
tify efficient strategies during prenatal care, given the apparent lack
of awareness in a considerable number of situations involving this

issue in routine consultations.
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ABSTRACT
BACKGROUND: Evidence on the effect of one-anastomosis gastric bypass (OAGB) on renal function is limited.
OBJECTIVE: To compare the evolution of estimated renal function observed 1 year after OAGB and Roux-
en-Y gastric bypass (RYGB) in individuals with obesity.
DESIGN AND SETTING: Observational, analytical, and retrospective cohort study. Tertiary-level universi-
ty hospital.
METHODS: This study used a prospectively collected database of individuals who consecutively under-
went bariatric surgery. Renal function was assessed by calculating the estimated glomerular filtration rate
(eGFR), according to the Chronic Kidney Disease Epidemiology Collaboration. The one-year variation in the
eGFR was compared between the procedures.
RESULTS: No significant differences in age, sex, obesity-associated conditions, or body mass index were
observed among individuals who underwent either OAGB or RYGB. OAGB led to a significantly higher
percentage of total (P = 0.007) and excess weight loss (P = 0.026). Both OAGB and RYGB led to signifi-
cantly higher values of eGFR (103.9 £ 22 versus 116.1 £ 13.3; P = 0.007, and 1024 + 19 versus 1132 £ 13.3;
P < 0.001, respectively). The one-year variation in eGFR was 11 + 16.2% after OAGB and 16.7 £ 26.3% after
RYGB (P = 0.3). Younger age and lower baseline eGFR were independently associated with greater postop-
erative improvement in renal function (P < 0.001).
CONCLUSION: Compared with RYGB, OAGB led to an equivalent improvement in renal function 1 year
after the procedure, along with greater weight loss.

INTRODUCTION

In the recent decades, obesity has reached worrisome epidemic proportions worldwide, com-
promising the life expectancy and quality of life of affected individuals. According to World
Health Organization estimates, nearly 3 million deaths each year are directly attributable to obe-
sity, mainly because of major cardiovascular events.! Obesity and its related conditions are also
significantly associated with impairment of renal function and the development of end-stage
chronic kidney disease (CKD). Several key pathophysiological factors are seemingly involved
in this association, such as insulin resistance, diabetes, hypertension, accumulation of visceral
fat, chronic inflammation, and hyperuricemia.? Evidence has also been reported, demonstrat-
ing that obesity acts as an independent risk factor for progression to CKD, both indirectly
through diabetes and hypertension, as well as through a so-called obesity-related glomerulopa-
thy (ORG), which is pathologically defined as glomerulomegaly and segmental focal glomeru-
losclerosis occurring in individuals with obesity regardless of other obesity-related medical con-
ditions.** Although the pathophysiology of ORG remains unclear, obesity may initially induce
hyperfiltration and increases tubular sodium reabsorption, resulting in glomerular hyperten-
sion and activation of the renin-angiotensin-aldosterone system, associated with inflammation

and imbalance of adipokines. The clinical course is characterized by stable or slowly progressing
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proteinuria, and up to one-third of patients develop renal failure
and end-stage CKD.>”

Weight loss interventions are effective in mitigating or even
resolving ORG.? Considering that bariatric surgery (BS) is the most
effective method that leads to long-term significant and sustained
weight loss in individuals with refractory obesity, it also reportedly
improves long-term kidney function in individuals with obesity.
Several studies have demonstrated the beneficial effects of Roux-
en-Y gastric bypass (RYGB) on renal function.”'° Garcia et al."! ana-
lyzed individuals who underwent RYGB and observed significant
improvement in the estimated glomerular filtration rate (eGFR)
1 year postoperatively. Moreover, evidence that improvement of
renal function after BS may occur regardless of weight loss or gly-
cemic control has been reported, thus corroborating the hypoth-
esis that adipokine homeostasis, enterohormonal mechanisms,
and reduction of systemic inflammation may play pivotal roles in
post-BS nephroprotection.'»!?

One-anastomosis gastric bypass (OAGB) has emerged more
recently as a promising and highly effective operation to treat
obesity, with reports indicating both weight loss and resolution
rates of diabetes as superior to those observed after RYGB.!*'*
OAGB is based on a simplification of RYGB, with a single anas-
tomosis (gastroenterostomy) and no enteroenterostomy, which
is generally associated with a reduction in technical complexity
and significantly lower operative times.'* However, to date and to
the best of our knowledge, data reporting the impact of OAGB on
renal function are scarce. In a single study, Bassiony et al. evalu-
ated creatinine clearance in 10 patients undergoing OAGB and 47
patients undergoing sleeve gastrectomy, demonstrating a signifi-
cant reduction in glomerular hyperfiltration and urinary protein
excretion 6 months after both operations, without significant dif-

ference between the techniques."”

OBJECTIVE
This study aimed to compare the evolution of estimated renal
function observed 1 year after OAGB and RYGB in individuals
with obesity.

METHODS

Study Design

This observational, analytical, and retrospective study was based on
a prospectively collected database of individuals who consecutively
underwent BS at a tertiary-level university hospital between 2018
and 2019. BS was performed during the implementation of OAGB
at this facility when individuals underwent either OAGB or RYGB
without pre-established differences in the indications for both oper-
ations. OAGB was performed on days when the entire research

team responsible for the trial was identified at http://ensaiosclinicos.

gov.br as RBR-59k78k was present; RYGB was performed in the
remaining cases. The research team was available monthly.

The main outcome considered was the variation in renal func-
tion 1 year postoperatively, which was compared between the
RYGB and OAGB groups.

The study was approved by the Ethical Committee of the
Universidade Estadual de Campinas under reference number
CAAE 55545422.9.0000.5404 on March 25, 2022. All participants
signed an informed consent form. All procedures involving human
participants performed in this study were in accordance with the
ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. Informed consent

was obtained from all the participants.

Study Population

We included individuals aged 18-65 years of any sex who under-
went either OAGB or RYGB between 2018 and 2019. Individuals
with incomplete medical records, belonging to vulnerable groups
(minors or with mental or intellectual disabilities), or who did not
consent to study participation were excluded. Surgery was indi-
cated according to the National Institutes of Health Consensus
criteria (body mass index [BMI] > 40 kg/m? or BMI > 35 kg/m?
with obesity-related medical conditions).

No specific criteria were established for the participants to
undergo either OAGB or RYGB, except in situations where there
were contraindications for OAGB (severe gastroesophageal reflux,
preoperative esophagogastric intestinal metaplasia, or an anteced-
ent of familial gastric cancer). All patients underwent consecutive
operations and were informed of the technique adopted prior to
the procedure. OAGB was performed on days when the entire
research team gathered, whereas RYGB was performed on the
remaining days. The selected patients for surgery followed a reg-

ular hospital schedule.

Surgical Techniques

OAGB

The main features of OAGB include approximately 15 cm gastric
pouch alongside a 200 cm biliopancreatic limb and a common
channel comprising the remainder of the small intestine. Figure 1

presents a graphical representation of the surgical technique.

RYGB

The main features of RYGB include an approximately 30-mL
gastric pouch, 100-cm biliopancreatic loop, 150-cm alimentary
limb, and a common channel comprising the remainder of the
small intestine. Figure 2 presents a graphical representation of

the surgical technique.


http://ensaiosclinicos.gov.br
http://ensaiosclinicos.gov.br

Figure 1. Graphic representation of one anastomosis gastric
bypass. Source: © Dr Levent Efe, courtesy of IFSO.%

Figure 2. Graphic representation of Roux-en-Y gastric bypass.
Source: © Dr Levent Efe, courtesy of IFSO.*

Study Variables

Demographic, Clinical, Anthropometric,

and Biochemical Variables

The following variables were considered: age at surgery, sex,
weight, BMI, and presence of obesity-associated medical condi-
tions. Weight loss was analyzed as a percentage of total weight
loss (%TWL) and excess weight loss (YEWL). Pre- and post-
operative fasting glucose, serum urea, creatinine, and albumin
levels were assessed. Percentage variations in these biochemi-
cal variables, considering their pre- and postoperative values,

were calculated.

Renal Function Assessment
Renal function was assessed using eGFR, which was calculated
using the Chronic Kidney Disease Epidemiology Collaboration
formula. The percentage variation in the CKD-EPI was calcu-
lated 1 year postoperatively.

The CKD-EPI formula was calculated according to the prop-
osition of Levey et al."® It was used to evaluate the eGFR and has
the advantage of not considering the patient’s weight since, in indi-
viduals with obesity, the formulas that consider this variable tend
to overestimate the true values of GFR."” The CKD-EPI formula

is expressed as a single equation as follows:

eGFR =141 x min(Scr/x, 1)* x max(Scr/x, 1)~ x
0.993%8°x 1.018 [if female] x 1.159 [if Black]

Scr is serum creatinine (mg/dL), k is 0.7 for women and 0.9
for men, o is —0.329 for women and —0.411 for men, min indi-
cates the minimum of Scr/k or 1, and max indicates the maxi-

mum of Scr/x or 1.

Statistical Analysis

Proportions were compared using the chi-square test or Fisher’s
exact test, when necessary. Normality was assessed using the
Shapiro-Wilk test. Comparisons of continuous or ordinal mea-
surements between the two assessments were performed using
the Mann-Whitney U test. To assess the associations of the
study variables with the main outcome (one-year variation in
GFR), simple and multiple regression analyses were performed.
The level of significance was set at 5% (P < 0.05).

RESULTS

The average age of the study participants was 38.6 £ 9.1 years, and
87% were female. The mean preoperative BMI was 39 + 5.8 kg/m?
postoperatively, it significantly decreased to 27.9 + 4.3 kg/m?
(P < 0.001). Regarding obesity-related conditions, 43.2% pre-
sented with hypertension, and 26% had type 2 diabetes.



Overall, the participants experienced a %TWL of 23.2 + 11.3%
and %EWL of 77.3 £ 36.7%.

No significant differences in age, sex, obesity-associated con-
ditions, or BMI were observed among individuals who underwent
either OAGB or RYGB. OAGB led to significantly higher %TWL
(P =0.007) and %EWL (P = 0.026) (Table 1).

Regarding biochemical examinations, patients who underwent
either RYGB or OAGB presented significantly decreased postoper-
ative glucose, creatinine, hemoglobin, ferritin, and albumin levels.
The urea, aminotransferase, and serum iron levels did not change
significantly after either procedure. Table 2 presents the evolution
of the biochemical parameters after both procedures.

Considering the postoperative variation of renal function,
both OAGB and RYGB led to significantly higher values of eGFR
(103.9 £ 22 versus 116.1 £ 13.3; P = 0.007, and 102.4 + 19 versus
113.2£13.3; P < 0.001, respectively). The one-year variation of e GFR
was 111 16.2% after OAGB and 16.7 +26.3% after RYGB; no signif-

icant difference was observed between the two procedures (P =0.3).

The one-year postoperative variations in glucose, creatinine, and urea
levels did not significantly differ between the procedures (Table 1).

In the univariate regression analysis enrolling the entire cohort,
the main study outcome (one-year variation of GFR) was signifi-
cantly associated with baseline creatinine (R = 0.80; P < 0.001)
and baseline GFR (R = -0.85; P < 0.001); there was also a mar-
ginal association with age (R = 0.20; P = 0.07). Multivariate anal-
ysis was performed through multiple regression enrolling these
three variables and showed that both age (R = -0.31; P < 0.001)
and baseline GFR (R = -0.99; P < 0.001) were independently and
negatively associated with the variation in GFR. Thus, the younger
the age and the lower the GFR at surgery, the higher the postoper-
ative increase in GFR. Table 3 summarizes the results of the sim-

ple and multiple regression analyses.

DISCUSSION
The current study demonstrated that both OAGB and RYGB pro-

moted the recovery of renal function after 1 year. Both procedures

Table 1. Comparison of baseline characteristics and postoperative outcomes between patients who underwent one anastomosis gastric
bypass and those who underwent Roux-en-Y gastric bypass

N

Age (years)

Sex

Preoperative BMI (kg/m?)
Postoperative BMI (kg/m?)

%TWL
%EWL

Preoperative glucose (mg/dL)
Postoperative glucose (mg/dL)
% A Glucose

Preoperative creatinine (mg/dL)
Postoperative creatinine (mg/dL)

% A Creatinine

Preoperative urea (mg/dL)

Postoperative urea (mg/dL)

% A Urea

Preoperative eGFR (mL/min/1.73m?)
Postoperative eGFR (mL/min/1 73m?)

% A eGFR

Preoperative obesity-associated conditions

Type 2

diabetes - N (%)

Hypertension — N (%)
Postoperative obesity-associated conditions

Type 2

diabetes - N (%)

Hypertension — N (%)

Diabetes

remission rate (%)

Hypertension remission rate (%)

OAGB RYGB P value
46 100 NA
3748 39.2+9.6 0.28
Male: 5 (10.9%) Male: 14 (14%) 0.60
Female: 41 (89.1%) Female: 86 (86%)

383+54 373+37 0.22
27+3.9 284+45 0.07

26.9+10.3% 21.4+£11.3% 0.007

87.4+30.7% 72.5+38.5% 0.026
87.8+14.7 91.6+20.3 0.27
82185 81.8+10 0.92
6.4+ 15% —6.9115.5% 0.89
0.8+0.2 0.8+0.2 0.99
0.6+0.1 0.6+0.1 0.54
-14.6 £ 14.3% -17 £20.5% 0.59
24.7+9.8 26.6+9.8 0.29
256+6.8 2517 0.82
2.9+20.9% —4.7 £ 26.5% 0.39
103.9+22 1024+19 0.69
116.1+13.3 113.2+133 0.33
11+16.2% 16.7 £26.3% 0.30
15 (32.6%) 23 (23%) 0.22
19 (41.3%) 44 (44%) 0.76
1(2.2%) 6 (6%) 0.31
3(6.5%) 9 (9%) 0.64
93.3% 73.9% 0.13
84.2% 79.5% 0.67

OAGB = one anastomosis gastric bypass; RYGB = Roux-en-Y gastric bypass; n = number of individuals; BMI = body mass index; eGFR = estimated glomerular
filtration rate; % A = percentage of variation; %TWL = percentage of total weight loss; %EWL = percentage of excess weight loss.

Bold indic

ates statistical significance.



Table 2. Biochemical changes 1 year after one anastomosis
gastric bypass and Roux-en-Y gastric bypass
One-anastomosis gastric bypass (n = 46)

Preoperative Postoperative P value
BMI (kg/m2) 383+54 27+39 <0.001
Glucose (mg/dL) 87.8+14.7 82+85 0.047
Creatinine (mg/dL) 0.8+0.2 0.6£0.1 0.001
Urea (mg/dL) 24.7+9.8 256+6.8 0.75
eGFR (mL/min/1.73m?) 103.9+22 116.1+£13.3 0.007
AST (IU/L) 23.2+9.6 238+11.3 0.82
ALT (1IU/L) 30.6+24.2 27.2+15.2 0.53
Hemoglobin (g/dL) 13.9+1.1 13+1.1 0.002
Ferritin (ug/L) 1859+103.2 942+1124 0.03
Serum iron (ug/dL) 69.1+16.1 89.5+329 0.08
Albumin (g/dL) 43103 41103 0.01

Roux-em-Y gastric bypass (n = 100)

BMI (kg/m?) 373%3.7 284+45 <0.001
Glucose (mg/dL) 91.6+20.3 81.8+10 0.002
Creatinine (mg/dL) 0.8+0.2 0.6£0.1 <0.0001
Urea (mg/dL) 26.6+9.8 2517 0.39
eGFR (mL/min/1.73m?) 102.4£19 113.2+£133  <0.0001
AST (IU/L) 218%+73 22.8+19.9 0.64
ALT (1U/L) 26.7+16.1 26.6 +40.9 0.99
Hemoglobin (g/dL) 139+1.3 13.1+13 0.01
Ferritin (ug/L) 233.9+2493  138.8+149 0.01
Serum iron (ug/dL) 71.2+287 83+38.1 0.08
Albumin (g/dL) 43103 41103 <0.0001

n = number of individuals; BMI = body mass index; AST = aspartate
aminotransferase; ALT = alanine aminotransferase; eGFR = estimated
glomerular filtration rate.

Bold indicates statistical significance.

Table 3. Correlation analyses between the main study
outcome (one-year variation of glomerular filtration rate) and
study variables

Univariate analysis (simple regression)

Variable Regression coefficient P value
Age 0.20 0.07
BL BMI 0.07 0.41
%TWL 0.18 0.12
%EWL 0.17 0.14
BL glucose 0.13 0.26
BL insulin -0.35 0.81
BL creatinine 0.80 <0.001
BL urea 0.14 0.74
BL albumin 0.03 0.77
BL hemoglobin Alc 0.06 0.69
BL eGFR -0.85 <0.001
Multivariate analysis (multiple regression)

Age —-0.31 <0.001
BL creatinine -0.16 0.25
BL eGFR -0.99 <0.001

BL = baseline; BMI = body mass index; %TWL = percentage of total
weight loss; %EWL = percentage of excess weight loss; eGFR =
estimated glomerular filtration rate.

Bold indicates statistical significance. /talic indicates a

marginal association.

demonstrated statistically comparable results in terms of the per-
centage variation in eGFR. Meanwhile, regarding weight, OAGB
led to significantly greater weight loss than RYGB. Thus, although
both procedures lead to equivalent benefits in relation to renal
function, OAGB is more advantageous in terms of weight loss.

Several case series, retrospective and prospective studies, and
systematic reviews have demonstrated post-BS improvement in
renal function in patients with obesity, in addition to various other
benefits in quality of life, metabolic control, blood pressure, and
other conditions related to excess weight.?** Garcia et al."' ana-
lyzed 109 patients who underwent RYGB and demonstrated a sig-
nificant improvement in GFR 1 year postoperatively, which was
more pronounced in younger individuals without hypofiltration.
Interestingly, in this study, no significant correlation was identi-
fied between the improvement in kidney function and presence
of obesity-associated conditions, such as diabetes and hyperten-
sion, or with greater loss of excess weight. This finding of renal
improvement independent of the magnitude of weight loss was
reinforced by a systematic review conducted by Scheurlen et al.,'2
who enrolled 15 studies involving 2,145 patients undergoing RYGB
and reported that patients had improved renal function regardless
of weight loss or glycemic control.

However, the mechanisms underlying renal recovery after BS
are unclear. They may be related to several different factors, which
are seemingly linked, but far from restricted to, weight loss itself,
as well as decreased visceral fat-associated inflammation, incretin
activity on insulin sensitivity and pancreatic endocrine function,
incretin natriuretic effect, improvement of hypertension, among
others.”? Both OAGB and RYGB are reportedly capable of producing
massive weight loss alongside significant metabolic improvement,
which are likely to positively affect renal function, as observed in
the current study. Regarding enterohormonal secretion, an inter-
esting study by DeBandt et al. demonstrated no significant differ-
ences in the postprandial levels of glucagon-like peptide-1 (GLP-
1), peptide YY, or ghrelin between OAGB and RYGB; however,
glucose-dependent insulinotropic polypeptide levels tended to be
lower with OAGB than with RYGB.*

The possibility of superior weight loss provided by OAGB com-
pared to RYGB in the current study has been previously reported,
although this remains debatable. Two pioneering studies compar-
ing these techniques, the Y-OMEGA?% and Taiwan trial,?® demon-
strated that both procedures led to similar weight loss, although
OAGB promoted more metabolic improvement in relation to glu-
cose metabolism and diabetes resolution than RYGB, concluding
that OAGB is a technically easier procedure and features better gly-
cemic control than RYGB.” Li et al.,” in a systematic review that
encompassed 8 randomized trials, have reported that OAGB was
associated with higher one-year excess weight loss, significantly

fewer early post-operative complications, and shorter operative time



compared to RYGB. Similarly, Uhe et al.*! in a systematic review
that analyzed 25 randomized trials have reported that OAGB was
associated with a 10% higher 1-year %EWL than RYGB, a finding
comparable to that observed in the present study. Nevertheless, a
consensus has been reached regarding the higher potential of
OAGB to cause malnutrition because of its malabsorptive nature
compared with RYGB.* Thus, OAGB may lead to greater weight
loss at the expense of more nutritional issues, which emphasizes the
necessity of a rigorous postoperative multidisciplinary follow-up.

Younger age and worse baseline renal function were inde-
pendent predictors of better postoperative renal outcomes in this
study cohort. These findings are in accordance with previous evi-
dence and, respectively, emphasize the importance of early surgical
indication leading to better results, as well as the possibility of BS/
metabolic surgery acting as a method to salvage individuals with
already impaired renal function.”"* It should be emphasized that
this applies to individuals without established severe kidney dys-
function, considering that this study did not involve patients with
end-stage renal disease. In fact, BS evidently plays a nephropro-
tective role through multiple mechanisms, such as the decrease in
visceral fat volume and consequent reduction of chronic low-grade
inflammation, the improvement of glycemic metabolism mediated
by the activation of incretins, and antihypertensive effects asso-
ciated with natriuretic properties of GLP-1 alongside weight loss
itself.*> However, in individuals with kidney disease classified as
stage 3 or worse already installed, the reversal rates after bariatric
procedures are not significant, despite all other metabolic benefits.*

The long-term risk of biliary reflux-associated esophagogastric
cancer after OAGB remains debatable. Recent studies by Keleidari
etal.® and Braga et al.** have demonstrated that low rates of severe
endoscopic and histopathological abnormalities were observed
after 1 and 2 years after OAGB, respectively. One unique case of
purely gastric cancer detected after OAGB was in the excluded
stomach.”” The remaining cases were diagnosed at the esophago-
gastric junction, both 2 years postoperatively. Interestingly, neither
patient had undergone biopsies of the esophagogastric junction,
and one patient did not even undergo preoperative esophagogas-
troscopy.*** The commonly and historically described history of
biliary reflux-associated cancer requires a significantly longer time
of exposure, generally 20 years or more.***! Considering that OAGB
has been systematically performed at least since 1997, no surge in
the diagnosis of this type of cancer has been observed over recent
years, as it would have been expected in case this operation really
carried such risk.*>** Nevertheless, continuous long-term endo-
scopic surveillance is warranted.

Considering the previously reported advantages of OAGB
over RYGB, shorter operative time, lower perioperative morbid-
ity, and greater weight loss and glycemic control,**’ the current
study demonstrates that OAGB is at least equivalent to RYGB in

another significant postoperative outcome, which is the recovery
of renal function.

This study had some limitations that should be considered.
The small sample size of patients with OAGB and its short follow-up
time are significant and should ensure the performance of larger
prospective studies with longer postoperative follow-up periods.
This decrease in serum creatinine levels may be related to surgi-
cally induced weight loss-related sarcopenia, at least to a certain
extent. The GFR estimation model was appropriate for this popu-
lation study model, although it cannot provide the same accuracy
as direct measurements through total 24-hour urine collection and
calculation of clearance, which are expensive and more difficult to
execute. Moreover, changes in body composition postoperatively
may have biased our findings. Meanwhile, the main strength of
the current study was the systematic collection of renal function
laboratory examinations after BS, which is not very common in

most services.

CONCLUSION
Compared to RYGB, OAGB led to an equivalent improvement in

renal function 1 year postoperatively, along with higher weight loss.
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ABSTRACT
BACKGROUND: There is still a debate regarding the most appropriate pleural collector model to ensure a
short hospital stay and minimum complications.
OBJECTIVE: To study aimed to compare the time of air leak, time to drain removal, and length of hospital
stay between a standard water-seal drainage system and a pleural collector system with a unidirectional
flutter valve and rigid chamber.
DESIGN AND SETTING: A randomized prospective clinical trial was conducted at a high-complexity hos-
pital in S&o Paulo, Brazil.
METHODS: Sixty-three patients who underwent open or video-assisted thoracoscopic lung wedge resec-
tion or lobectomy were randomized into two groups, according to the drainage system used: the control
group (WS), which used a conventional water-seal pleural collector, and the study group (V), which used a
flutter valve device (Sinapi® Model XL1000°). Variables related to the drainage system, time of air leak, time
to drain removal, and time spent in hospital were compared between the groups.
RESULTS: Most patients (63%) had lung cancer. No differences were observed between the groups in the
time of air leak or time spent hospitalized. The time to drain removal was slightly shorter in the V group;
however, the difference was not statistically significant. Seven patients presented with surgery-related
complications: five and two in the WS and V groups, respectively.
CONCLUSIONS: Air leak, time to drain removal, and time spent in the hospital were similar between the
groups. The system used in the V group resulted in no adverse events and was safe.
REGISTRATION: RBR-85qg6jc (https://ensaiosclinicos.gov.br/rg/RBR-850q6jc).

INTRODUCTION
Chest drains are essential in the post-operative period of lung resection because they enable air
escape and the drainage of secretions produced by surgery.'

Conventional pleural drains with a single bottle using a water seal became the standard
for this purpose at the beginning of the 20" century and are currently the most used devices
worldwide.? Keeping them in place for longer periods frequently limits the time of hospital dis-
charge and directly influences the cost of hospital stay as well as the anxiety levels of patients
and their caregivers.

There is still a debate on the most appropriate pleural collector model to ensure a short hos-
pital stay and minimum complications, principally considering the reality of health services in
developing countries.

The need to reduce adverse events related to pleural drains, and to make them easier to use,
motivated Heimlich, in 1968, to create a one-way valve for this purpose, which is referred to by
his name.* It is a mechanical device, designed to isolate the external environment from the sub-at-
mospheric intrapleural environment.*® Since then, other drainage systems have been developed
that aim to replace water-seal drains and make hospital stays shorter.®

In view of the options currently available, there is a need to identify systems that are easy to

handle, reduce the time for which the pleural drain needs to remain in place, can be emptied,
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have a rigid reservoir, are low cost, are perceived by the patient as

safe, and enable suction when necessary.*”

OBJECTIVE

This study aimed to compare the time of air leak, time to drain
removal, and length of hospital stay between two systems: (a) a
standard water-seal drainage system and (b) a pleural collector
system employing a unidirectional flutter valve and a rigid cham-
ber after lung resection and to report any complications related

to patients and/or the systems.

METHODS

This randomized clinical trial included patients who under-
went open or video-assisted thoracoscopic lung resection sur-
gery (VATS) at Hospital do Servidor Publico Estadual Francisco
Morato de Oliveira (IAMSPE), Sdo Paulo, Brazil, between
October 2020 and May 2022. The same surgical team performed
all the surgeries.

The study was approved by the Ethics and Research Committee
of IAMSPE on February 11, 2020, under protocol no. 3.832.730.
All patients signed an informed consent form prior to enrollment.

Patients included in the study were adults aged >18 years
indicated for elective lung wedge resection or lobectomy, with
predicted post-operative forced expiratory volume in one second
(FEV ppo) > 40%. Patients with any type of present or past pleural
infection, those needing concomitant chest wall resection, those
presenting with diffuse adhesions in the intraoperative period, and
those who died before the chest drain was removed were excluded
from the study.

Air leaks were controlled by mechanical stapling of the fissure
(Echelon Flex, Ethicon, Johnson & Johnson®) and manual sutures.
In all surgeries, only one tubular pleural drain, n° 28 Fr, was used.

Patients were randomized into groups, according to the drain-
age system to be used: 1) the control group (WS), which used a
conventional water-seal pleural collector, and 2) the study group
(V), which used a flutter valve device, the Sinapi® Model XL1000®
pleural collector employing a flutter valve.

The decision on which drainage system to use was random-
ized using the randomization calculator available on the website
calculatorsoup.com, allocating participants randomly to the V or
WS groups. The surgeon was informed of the type of system to be
used only after the completion of the surgical procedure.

In the WS group, the pleural collector comprised of a poly-
vinyl chloride bottle with a volume of 2 L, under an initial sterile
water seal of 2 cm (Figure 1).

In the V group the pleural collector was a chamber in the
form of a rectangular transparent rigid prism of acrylonitrile
butadiene styrene polymer, with numbering on its external sur-

face to identify the volume stored and an internal capacity of

1,000 mL. This had a half-turn type evacuation nozzle on the
interior surface. It was connected to a tubular drain using a sili-
cone tube with an adapter for various drains of different calibers.
Connected to the silicone tube, in the initial part of the rigid
prism, was a one-way mechanical anti-reflux ‘flutter’ valve, with
the same format and effect as the Heimlich valve. The flap in the
flutter valve was made of an anti-adherent polymer. Additionally, a
compressible suction valve made of silicone was connected to
the end of the connection tube of the drain close to the flutter
valve. When pressed, this bulb created a vacuum in the drain sys-
tem, allowing air leaks to be detected. If the bulb was squeezed
and did not immediately return to its resting inflated position,
it was assumed that there was no air leakage through the pleu-
ral drain. (Figure 2).

All patients underwent anteroposterior chest radiography

within 24 hours post operation to check for pneumothorax or

&
el

Figure 1. Water seal pleural collector comprised a polyvinyl
chloride (PVC) bottle with volume of 2L, under an initial sterile
water seal of 2 cm.

A D
B

E
C

Figure 2. Pleural collector with valve. A: suction bulb; B: one-
way flutter valve; C: calibrated liquid collection chamber; D:
suction regulation valve; E: level scale for checking air bubbles.
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pleural collection. Patients whose radiographs showed a resid-
ual pleural space in the post-operative period underwent suction
using the drainage system.

In the WS group, pleural suction of 10 cmH,O was applied
(maximum capacity in that common bottle) with the standard
system of three bottles. Patients in the V group who presented
with residual pleural space or for whom the bulb did not remain
compressed after compression were assumed to have residual air
leaks and underwent pleural suction of 20 cmH,O.

Air leaks were considered to be stopped:

« Inthe WS group, when there was no air bubbling through the
water seal during coughing with exertion.
« IntheV group, when the bulb remained collapsed for 10 minutes

after compression, indicating air leaks were completely absent.

In both groups, the drain was removed when (i) there was no
air leak, (ii) the liquid drawn was <200 mL in 24 hours, and (iii) a
prior chest radiograph showed complete lung expansion.
A further chest radiograph was obtained at the return outpa-
tient visit seven days after hospital discharge.
The following variables were recorded:
o Time of air leak (TAL) (days);
o Time to removal of drain (TRD) (days);
o Time in hospital (TTH) (days);
« Total liquid drained during the entire hospitalization period
(TLD) (mL);
o The number and type of post-operative complications; and

« Any dysfunctions related to the drainage system.

The following were considered complications related to the
patients: empyema, subcutaneous emphysema, hospital discharge
with a Heimlich valve, readmission to the hospital, re-draining,
or prolonged air leak (defined as an air leak through the drain for
six days or more). The following complications were considered
system-related: prolonged clamping, empty water-seal system,
mechanical valve clogging, and unintentional disconnections.

The sample size was determined based on the descriptive sta-
tistics of a pilot study, adopting an alpha of 0.05 and a beta of 0.20,
which indicated the need to evaluate a minimum of 61 patients.

The data are presented using descriptive statistics, average and
standard deviation for quantitative variables, and absolute num-
bers and relative percentages for categorical variables.

The quantitative variables were compared between the groups
using the Independent Samples T Test for the variables age and
VEF ppo and the Mann-Whitney test for the variables total drain
volume, TRD, TAL, and TIH. Categorical variables were compared
using Pearson’s chi-squared test. All analyses were performed using
R software (version 4.2 for Mac iOS), with a significance level of
5% (P < 0.05).

Sinapi® model XL1000® pleural collectors were donated by the
manufacturer (Sinapi Biomedical, Idasvallei, Stellenbosch, 7599,
South Africa). Although the manufacturers supplied the device,

they had no interference of any form during the study.

RESULTS

The study sample comprised 64 patients. One patient who died
before drain removal was excluded. Therefore, the data from
63 patients were analyzed: 31 and 32 in the WS and V groups,
respectively. Table 1 shows the demographic, clinical, and sur-
gical characteristics of the study participants. There was a small
predominance of women - 33 patients (52%), with age varying
from 18 to 81 years (average age: 65 + 13 years). There were no
significant demographic differences between the two groups.

The majority (63%) of patients had lung cancer, and there was
no difference in the diagnoses between the two groups. The most
commonly performed surgery was wedge resection (52% of the
cases, 45% in the WS group and 59% in the V group). Thirty-four
surgeries were performed using VATS with a similar distribution
between the two groups. Pleural suction was applied in 18 patients:
four (6%) in the WS group and 14 (21%) in the V group.

The TAL and TTH were similar between the two groups. TAL
varied from one to 20 days, with a median of two days. TIH var-
ied from one to 23 days.

The TRD was similar between the two groups, with the median
time for removal being four days [Interquartile range(IQR) 3-6]
in the WS group and three days [IQR 2-4] in the V group; how-
ever, this difference was not statistically significant.

Four patients died after drain removal (two in each group).
The causes of death were pneumonia due to Coronavirus disease
(COVID-19) in three cases and massive lung thromboembolism
in one case.

Seven patients presented with surgery-related complications:
five in the WS group and two in the V group (Table 1). There were
a total of 14 complications in these patients; in the V group, each
patient had one complication, and in the WS group, the patients
presented with two or three associated complications. The most
frequent complications were prolonged air leak (in four patients)
and empyema (in three patients). All cases of prolonged air leaks
were observed in the WS group. Furthermore, hospital discharge
with the Heimlich device in place, readmission, re-drainage, and

drain malfunction were observed in the WS group.

DISCUSSION

In this study, no significant differences were observed in TAL,
TRD and TIH between the two collectors evaluated, although
the medians for TRD and TIH were lower in the V group.
Flutter valves have been used as an option for reducing TTH for

patients who have undergone surgery;® however, other studies



Table 1. Demographic, clinical, and surgery characteristics of the total sample and the two groups

Variables Total Control group (Water seal) Study group (Valve) p
n=63 n=31 n=32

Gender 0.80*

Female 33(52) 17 (53) 16 (50)

Male 30 (48) 14 (47) 16 (50)

Age (years) 65+13 67+9 63+16 0.70%

VEF, ppo (mL) 67t15 66+13 68+17 0.70%

Diagnoses 0.48*

Lung cancer 37 (63) 21 (70) 16 (55)

Granuloma 6(10) 2(6.7) 4(14)

Metastasis 5(8.5) 3(10) 2(6.9)

Blebs 2(3.4) 0(0) 2(6.9)

Hamartoma 3(5.1) 2(6.7) 1(3.4)

Other 6(10) 2(6.7) 4(14)

Type of surgery 0.31*

Wedge 33(52) 14 (45) 19 (59)

Lobectomy 30 (48) 17 (55) 13 (41)

Type of surgery 0.45*

Open surgery 29 (46) 15 (48) 13 (41)

VATS 34 (54) 16 (52) 19 (59)

Total liquid drained (mL) 400 [200-1100] 425[115-1100] 350[200-1350] 0.46%

TAL 2[1-4] 2[1-3] 2[1-4] 0.81%

TRD 3[2-5] 4[3-6] 3[2-4] 0.08%

TIH 4[2-6] 4.5[3-7] 3[2-5] 0.11%

Complications 7(012) 5(16) 2(6.2) 0.26*

Deaths 4(6.2) 2(6.2) 2(6.2) 0.90*

*Pearson Chi-squared test (); TT-test for independent variables; ¥Mann-Whitney test.
SD = standard deviation; VEF1ppo = predicted post-operative forced expiratory volume in one second; VATS = video thoracoscopy; TAL = time of air leak (days);
TRD = time to removal of drain; TIH = time in hospital (days). Amounts expressed as n (%), average + standard deviation, or median [interquartile interval].

with a one-way valve have not shown any difference in TRD
when compared with a water seal.>”1°

Pleural suction was used more frequently in the V group than
in the WS group. This is explained by the fact that suction was
applied to the WS group only when the chest radiograph showed
incomplete expansion. Chest radiography may fail to diagnose
pneumothorax in up to 39% of cases when compared to chest
ultrasound examination.

Suction was applied in a larger number of patients in the V
group, since the bulb of the drainage system, with its function of
compression followed by observation of whether it inflated again,
helped in the evaluation of complete expansion. The valve system
used in this study enabled a more objective assessment of air leak-
age using a silicone vacuum bulb.

In the WS group, pleural suction was performed using three
bottles. In this system, there was a limit of 10 cm for the differ-
ence in the levels of liquid, indicating suction pressure. In the V
group, suction at 20 cmH,O was easily established using a num-
bered pressure regulator.

Dysfunctions of water-seal pleural chest drains are known to

occur and have been reported in the literature. Previous studies

have described inadequate connections, low volume of liquid in
the bottle, loss of connection between the drain and the chest
tube, kinks in the system’s connecting tube, inadequate clamp-
ing, blockage of the air output relief valve, failure in suction,
and consequences of placement of the system above the level
of the chest.'>* In our study, there was one dysfunction in the
water-seal system: the patient, in a moment of confusion, emp-
tied the collector, which led to lung collapse, prolonged air leak,
and empyema.

One experimental study® showed that a flutter valve is physio-
logically more efficacious than a water seal for treating post-opera-
tive air leaks. This is partly explained by the fact that with the valve,
there is no movement of the lungs against the chest wall, which
occurs with the water seal through the movement of the liquid in
the bottle. Other authors' considered it possible that the use of
the flutter valve, in isolation or using malleable collector bags, was
discouraged in some cases owing to the presence of adverse events
as well as the absence of a rigid reservoir, and thus the possibility
of suction. One study reported complications such as hyperten-
sive pneumothorax due to blockage of the valve.”® Another study

comparing the use of a valve and a water-seal collector for lung



surgeries reported two cases of valve obstruction by blood clots,
one disconnection of the valve, and the need to change the water
seal in one patient.'¢

The materials used to manufacture valves have evolved. In a
randomized study published in 2006,” which compared the TRD
between a water-seal system and a new flutter valve model in
patients who underwent pleural drainage following blunt and
perforating lung trauma in a referral hospital in South Africa,
no clogging by blood was reported with the flutter-valve system.
In our study, no adverse events were directly associated with the
flutter-valve drain system.

In addition to the systems used in this study, there are now
digital systems that enable a numerical and objective evaluation of
the air leak flow and the amount of liquid withdrawn."” These tend
to be lighter than the common water-seal system; however, these
are not emptiable, and their standard reception canister has a max-
imum volume of 800 mL. In addition, these require a non-dispos-
able electronic pump for functioning, which costs approximately
US$ 4,000.

Patient access to various types of pleural drainage systems is not
uniform because ex-factory and retail prices vary between the types
of devices and where they are produced, duty, and taxes. As illus-
trative examples: (i) the ex-factory price of the water-seal pleural
drain with a simple bottle (used in the WS group) is approximately
USS$ 7; (ii) the ex-factory price of the Sinapi® XL 1000 valve sys-
tem (used in the V group) is approximately US$ 20; and (iii) the
ex-factory price of the disposable canister and the connecting
tubes of the digital drain is approximately US$ 40, and this sys-
tem requires a permanent pump. With taxes, charges, and other
costs, these values could increase significantly.

Notably, the data used in this study were collected during the
COVID-19 pandemic. Elective surgeries were interrupted for four
(non-consecutive) months during this period, and COVID-19 was
a factor in the mortality that occurred in this study. Of the four
deaths observed, three were directly related to COVID-19 and
tested positive in the post-operative period after the appearance of
symptoms. The fourth patient died because of acute thromboembo-
lism. A relationship with COVID-19 was suspected, although not
confirmed, possibly because of limitations in the interpretation of
diagnostic methods at the beginning of the pandemic. Other stud-
ies have reported an increase in mortality due to COVID-19 fol-

lowing chest surgery.'s"

CONCLUSION

In conclusion, the results for air leak, time to drain removal, and
TIH were similar between the V group (using a flutter valve) and
the group using a conventional water-seal system. The tested
valve system did not exhibit any adverse events and was proven

to be safe.
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ABSTRACT
BACKGROUND: Osteoporosis, characterized by decreased bone density and increased fracture risk, im-
poses significant physical, psychosocial, and financial burdens. Early detection and prevention are crucial
for managing osteoporosis and reducing the risk of fractures.
OBJECTIVES: To investigate the relationship between Hepatitis A seropositivity and bone mineral density
(BMD) in adolescents and adults and to explore the potential link between Hepatitis A infection and os-
teoporosis risk.
DESIGN AND SETTING: This cross-sectional study used data from the National Health and Nutrition Exam-
ination Survey (NHANES) from 2011 to 2018 to evaluate the association between hepatitis A seropositivity
and BMD in 15,693 participants.
METHODS: Multivariable regression analysis was used to calculate the mean BMD and standard error for
adolescents and adults, followed by an independent z-test to determine whether there was a significant
difference between the seropositive and seronegative groups.
RESULTS: Hepatitis A seropositive adolescents and adults had lower BMD than their seronegative coun-
terparts, with significant differences in lumber spine (mean difference =-0.03 g/cm2, P < 0.01 for both age
groups) and pelvis BMDs (mean difference =-0.02 g/cm2, P < 0.01 for the adult age groups), after adjusting
for various covariates.
CONCLUSIONS: This study confirmed that both adolescent and adult individuals seropositive for Hepatitis
A antibodies had reduced BMD among both adolescents and adults, especially in the adult group. This
finding suggests a possible link between Hepatitis A infection and risk of osteoporosis.

INTRODUCTION

Osteoporosis, a medical condition characterized by decreased bone density and increased frac-
ture risk, often progresses silently until a fracture occurs.! The condition primarily affects post-
menopausal women and results from a loss of calcium and collagen in the bones.> Notably,
osteoporosis is not limited to any specific population or age group and can cause significant
physical, psychosocial, and financial burdens across all populations and ages.> Early detection
and prevention are crucial for managing osteoporosis and reducing the risk of fracture.>”

Bone mineral density (BMD) tests can aid in early detection by comparing an individual’s
bone density to that of a healthy person of the same age and sex.® The most commonly used BMD
test is the central dual-energy x-ray absorptiometry (DXA) test, which measures the grams of
calcium and other bone minerals packed into a segment of bone using X-rays. The spine, hip,
and forearm are the most commonly tested bones.

Hepatitis A is an inflammation of the liver that can range from asymptomatic infection to
severe illness.” The Hepatitis A virus (HAV), a positive-strand RNA virus, is transmitted through
ingestion of contaminated food and water or through direct contact with an infectious person.*!°
The incidence rate of reported Hepatitis A cases in the United States was one case per 100,000
population.' Although almost everyone recovers fully from Hepatitis A with a lifelong immu-
nity, a very small proportion of people infected with Hepatitis A could die from fulminant hep-
atitis.’>'* A safe and effective vaccine is available to prevent Hepatitis A.°

Previous studies have suggested that viral hepatitis may negatively affect bone metab-

olism and health. For example, chronic hepatitis B and C infections have been associated
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with lower BMD and a higher risk of osteoporosis in adults.'>*
Hepatitis A is a viral infection whose symptoms are clinically
indistinguishable from other types of acute viral hepatitis.?
Therefore, it was hypothesized that Hepatitis A seropositivity
may be related to a lower BMD and higher osteoporosis risk
in adolescents and adults.

The National Health and Nutrition Examination Survey
(NHANES), a program designed to assess the health and nutri-
tional status of adults and children in the United States, combines
interviews and physical examinations and covers a wide range of
health and nutrition measurements. The survey examines a nation-
ally representative sample of approximately 5,000 persons each
year and collects data on various demographic, socioeconomic,
dietary, and health-related factors. The survey results are used
to determine the prevalence of major diseases and risk factors to
assess nutritional status and their association with health promo-
tion and disease prevention.”!

This study aimed to investigate the relationship between
Hepatitis A seropositivity and BMD in adolescents and adults
using data from the NHANES. The potential link between Hepatitis
A infection and osteoporosis risk was also explored, and the impli-

cations for bone health and prevention strategies are discussed.

METHODS

Design and setting

A cross-sectional design was used to examine the association
between Hepatitis A seropositivity and BMD, which enabled
the measurement of the prevalence of the outcome and expo-
sure at a certain moment in time, and the identification of

potential correlations.

Data source and research participants

All patient information was based on data obtained from the
NHANES. Four datasets (2011-2012,2013-2014, 2015-2016, and
2017-2018) were used to combine the study population. The inclu-
sion criteria required individuals to be tested for Hepatitis A anti-
bodies (anti-HAV) and to undergo a DXA examination concur-
rently. Patients who were seropositive (+) for anti-HAV antibodies

were compared to those who were seronegative (-).

Subpopulation definitions

According to the World Health Organization (WHO), individu-
als between the ages of 10 and 19 years are classified as adoles-
cents.”> Conversely, individuals > 19 years are considered adults.
In the adult female population, those < 51 years are designated as
premenopausal, while their counterparts are deemed postmeno-
pausal, given that the average age of menopause in the United
States is 51.%

BMD testing

BMD testing for the full participant set (incorporated into the
final evaluation) was performed using DXA examinations, which
were performed by qualified and registered radiology technolo-
gists using Hologic Discovery model A densitometers (Hologic,
Inc., Bedford, Massachusetts, USA) with the software version
Apex 3.2. More specifics are furnished on the NHANES website.?
Lumbar spine and pelvis were chosen for evaluating the associa-
tion as they have a higher risk of fracture compared to the skull

bones, arms, legs, ribs, thorax and trunk bones.”

Total serum anti-HAV assay

Serum specimens from the complete participant set (incorporated
into the final evaluation) were processed, stored, and shipped to
the Division of Viral Hepatitis, National Center for HIV/AIDS,
Viral Hepatitis, STD, and TB Prevention, Centers for Disease
Control and Prevention, Atlanta, GA for analysis. The Division
uses the VITROS Immunodiagnostic Products Anti-HAV Total
Reagent Pack and the VITROS Immunodiagnostic Products Anti-
HAYV Total Calibrator on the VITROS ECi/ECiQ or VITROS 3600
Immunodiagnostic System to detect IgG and IgM. Further details
are provided in the NHANES Laboratory Procedures Manual *

Covariates

Covariates were added to improve the accuracy of this study;
these are variables that are not of primary interest but can influ-
ence the outcome of a study.”* In the present study, several
covariates were considered for both adult and adolescent popu-
lations. For adults, age, race, education level, income level, body
mass index (BMI), smoking status, alcohol consumption, dia-
betes, physical activity level, and serum 25-hydroxyvitamin D
[25(OH)D] levels were included as covariates. For adolescents,
the same covariates were considered with the exception of smok-
ing status and alcohol consumption. Detailed data on the covari-

ates are listed in Supplemental Table 1.

Statistical evaluation
All evaluations were based on the participants’ complete data.
Individuals with missing covariate data were excluded from the
final evaluation. The NHANES sample weights assigned by the
Centers for Disease Control and Prevention (USA) based on
the sample design for each survey year were used. Therefore,
as some of the variables included in this study were captured at
the mobile examination center (MEC), we used the MEC exam
weight (WTMEC2YR) for evaluation.

Furthermore, the sample weight used in the final evaluation
was equal to one-fourth the value of “WTMEC2YR” because we
combined four NHANES survey cycles. Baseline characteristics

were indicated by the weighted mean and standard error (SE)
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Table 1. Baseline characteristics of participants incorporated into the final evaluation

Female
Sex, n (%)
Male
Age [year], mean (SE)
Non-Hispanic white
Mexican American
Race, n (%) Other Hispanic
Non-Hispanic black
Other races
Under $20,000
$20,000 and over
Lower than 5th grade
5th grade to 8th grade
Higher than 8th grade
Below high school

High school or equivalent

Annual family income, n (%)

Education level, n (%)

Above high school

BMI [kg/m2] , mean (SE)

Yes
Diabetes, n (%) No

Borderline

Serum 25(OH)D [nmol/L], mean (SE)
High-risk drinking, n (%) ves

No
Smokers, n (%) ves

No

AST [U/L], mean (SE)
ALT [U/L], mean (SE)

Adolescents Adults
anti-HAV(-) anti-HAV(+) anti-HAV(-) anti-HAV(+)
(n=916) (n=2014) (n =4459) (n=3107)
414 (45.15) 971(48.22) 2180 (48.90) 1345 (43.28)
502 (54.85) 1043 (51.78) 2279 (51.10) 1762 (56.72)
15.83(0.10) 15.43 (0.07) 39.91 (0.23) 37.78 (0.29)
622 (67.93) 993 (49.31) 3323 (74.52) 1381 (44.43)
51(5.53) 410 (20.37) 191 (4.28) 668 (21.51)
42 (4.64) 180 (8.92) 176 (3.94) 394 (12.67)
136 (14.83) 235(11.66) 478 (10.72) 282 (9.08)
65 (7.07) 196 (9.74) 291 (6.54) 382(12.31)
153 (16.72) 358 (17.77) 623 (13.98) 546 (17.57)
763 (83.28) 1656 (82.23) 3836 (86.02) 2561 (82.43)
30(3.26) 86 (4.25) - -
423 (46.21) 1056 (52.44) - -
463 (50.53) 872 (43.31) - -
- - 406 (9.11) 530(17.05)
- - 981 (22.00) 651 (20.96)
- - 3072 (68.89) 1926 (61.99)
24.52 (0.28) 23.99 (0.16) 28.93 (0.12) 28.06 (0.14)
4(0.38) 9(0.44) 250 (5.60) 162 (5.21)
907 (99.16) 1992 (98.93) 4136 (92.76) 2899 (93.29)
5(0.46) 13 (0.63) 73 (1.64) 46 (1.50)
65.16 (0.98) 62.54 (0.77) 68.51 (0.50) 64.10 (0.70)
- - 716 (16.05) 412 (13.25)
- - 3743 (83.95) 2695 (86.75)
- - 2113 (47.38) 1219 (39.23)
- - 2346 (52.62) 1888 (60.77)
23.91 (0.65) 23.87 (0.38) 25.08 (0.32) 26.04 (0.45)
19.84 (0.74) 19.41 (0.37) 25.46 (0.34) 27.83 (0.50)

% = weighted proportion. 25(0OH)D = 25-hydroxyvitamin D; AST = aspartate transaminase; ALT = alanine transaminase; BMI = body mass index; SE = standard
error; HAV = hepatitis A virus; High-risk drinking = men who consumed more than five drinks every day and women who consumed more than four drinks

every day; smokers = smoking at least 100 cigarettes in life.
Bold indicates statistical difference.

(continuous variables) and weighted proportion (categorical vari-
ables). Furthermore, since the four NHANES survey cycles were
combined, the sample weight used in the final evaluation was equal
to one-fourth the value of “WTMEC2YR”. The baseline character-
istics are presented as weighted proportions (categorical variables)
and weighted means and SE (continuous variables). The weights
used for these evaluations were chosen according to the guidelines
delineated in the NHANES database.”

Multivariable regression analysis for BMD was implemented
with adjustment for age, race, and BMI in Model 1, and adjusted
for age, race, education level, income level, BMI, smoking status,
alcohol consumption, diabetes, physical activity level, and serum
25(OH)D levels in Model 2.

Kolmogorov-Smirnov tests were used to determine whether
the BMD variables conformed to the normal distribution, and log-
arithmic transformation was utilized for those that did not con-

form to the normal distribution.

Independent z-tests were used to assess the statistical signif-

icance of differences in BMD between the seropositive and sero-

negative groups for Hepatitis A antibodies.

All evaluations were performed using R software (version

4.2.3; https://www.R-project.org). Statistical significance was set

at P < 0.05.

RESULTS

Segmentation and baseline characteristics

A flowchart of the segmentation process is shown in Figure 1.
Data from 39,415 participants were obtained from the NHANES
over four cycles: 2011-2012 (n=10,015),2013-2014 (n = 10,175),
2015-2016 (n = 9,971), and 2017-2018 (n = 9,254).

First, following the elimination of 23,722 participants
from the original 39,415 owing to missing data on BMD or
Hepatitis A antibodies, 15,693 participants meeting the inclusion
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Total number of adolescents excluded: n = 3,040
BML:n=7
Education level: n =3
Family income: n = 286
Serum 25(OH)D:n=5
Diabetes: n =3

Physical activity: n = 2736

anti-HAV(-): n =393
Adolescent
female: n = 1,385

t

anti-HAV(+): n =992

Participants from the NHANES database

n=>5.970
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ti-HAV(-): n =523
Adolescent male: ant Gn

n=1,545

anti-HAV(+): n = 1,022
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NHANES 2011-2012: n= 10,015

NHANES 2013-2014: n= 10,175
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Adults(age > 19):

anti-HAV(-): n= 1,752

Postmenopausal
female: n=2,792

anti-HAV(+): n = 1,040

Postmenopausalfe anti-HAV(-): n = 434

male: n =748

anti-HAV(+): n=314

Missing BMD and hepatitis
A antibody data: n = 23,722

Total number of adults excluded: n = 2,157
BMI:n =29

Education level: n

Family income: n = 466

=2

Drinking: n = 1647
Smoking: n =4
Serum 25(OH)D: n =0
Diabetes: n =4

Physical activity: n =5

Adult male:
n=4,026

anti-HAV(-): n=2,273

anti-HAV(+): n= 1,753

Figure 1. Flow chart of the study design.

criteria were included for subsequent analysis. Each participant’s
Hepatitis A antibody status and BMD were evaluated concur-
rently within these respective cycles to ensure temporal align-
ment of the measurements.

Second, the participants were stratified into adolescents
(n = 5,970) and adults (n = 9,723) based on age. The covariates
for adults included age, race, education level, income level, BMI,
smoking status, alcohol consumption, diabetes, physical activity
level, and serum 25 (OH) D levels. For adolescents, the covari-
ates were the same except for smoking and alcohol use, which
are illegal for minors. After excluding participants with missing
covariates, 2,930 adolescents and 7,566 adults were included for
further analysis.

Third, stratification of the adolescent and adult participants by
sex yielded five groups: adolescent females (n = 1,385) and males
(n = 1,545), premenopausal (n = 2,792) and postmenopausal
(n = 748) adult females, and adult males (n = 4,026). Each of these
five groups was then dichotomized as having either seronegative
or seropositive Hepatitis A antibody status, providing 10 catego-

ries for subsequent analysis.

The baseline characteristics of the groups are presented in
Table 1. In both adolescents and adults, the weighted mean
age of the seronegative individuals was higher than that of the
seropositive individuals. Specifically, the seronegative ado-
lescents had a weighted mean age of 15.83 + 0.10 years com-
pared with 15.43 + 0.07 years of the seropositive adolescents.
Similarly, the seronegative adults had a weighted mean age of
39.91 £ 0.23 years compared with 37.78 + 0.29 years of the sero-
positive adults. Regardless of age, the weighted proportion of
non-Hispanic whites in the seropositive population was lower
than that in the seronegative population (Supplemental Figure
S1). Furthermore, the seronegative individuals were found to
have higher levels of weighted mean serum 25(OH)D levels than
the seropositive individuals in both age groups; detailed infor-
mation on other variables is available in Table 1 with P values

in Supplemental Table S2.

Adolescents’ association between anti-HAV and BMD
Lumbar spine and pelvic BMDs of all subpopulations were tested

using the Kolmogorov-Smirnov test to determine whether they
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conformed to the normal distribution. Those who did not con-
form to the normal distribution at first conformed to the normal
distribution after logarithmic transformation.

Multivariable regression analysis was used to calculate the mean
BMD and SE for adolescents (Table 2). Two models were used:
Model 1, adjusted for age, race, and BMI; and Model 2, adjusted
for age, race, BMI, education level, annual family income, diabe-
tes, physical activity level, and serum 25(OH)D levels. Whether
BMD was more likely to be lower in the anti-HAV (+) participants
than in the anti-HAV (-) participants was determined using inde-
pendent z-tests with a statistical significance threshold of P < 0.05.
The results showed that lumbar spine BMD was significantly lower
in the anti-HAV (+) adolescent males than in the anti-HAV (-)
adolescent males in both models (Model 1: mean difference =
-0.018 g/cm2, P = 0.002; Model 2: mean difference = -0.021 g/
cm2, P < 0.001). No other significant differences were observed

between groups.

Adults’ association between anti-HAV and BMD

Adults, divided into premenopausal and postmenopausal females
and males were examined using multivariable regression analy-
sis to calculate their mean BMD and SE (Table 3). Two models
were used: Model 1, adjusted for age, race, and BMI; and Model
2, adjusted for age, race, BMI, education level, annual fam-
ily income, diabetes, physical activity level, high-risk drinking,
smoking, and serum 25(OH)D levels. Independent z-tests were
used to determine whether BMD was more likely to be lower
in anti-HAV (+) participants than in anti-HAV (-) participants,
with a statistical significance threshold of P < 0.05. The results
showed that the lumbar spine and pelvic BMDs were significantly
lower in the anti-HAV (+) participants than in the anti-HAV (-)
participants in all groups (premenopausal females, postmeno-
pausal females, and males) in both models (all P < 0.05). Lumbar
spine and pelvis BMDs of Models 1 and 2 for all subpopulations

of adolescents and adults are illustrated in Figure 2.

Table 2. Association between anti-hepatitis A virus and bone mineral density in adolescents

Model 1 Model 2
anti-HAV (-) anti-HAV (+) P anti-HAV (-) anti-HAV (+)

Lumbar Spine

Female 0.999 +0.003 0.995 £+ 0.002 0.343 1.002 + 0.004 0.996 £ 0.002 0.142

Male 0.955 £ 0.005 0.937 £0.003 0.002 0.958 £ 0.005 0.937 £0.003 <0.001
Pelvis

Female 1.182+0.004 1.190 £ 0.003 0.134 1.187 £ 0.004 1.191 £0.003 0.476

Male 1.183 £ 0.006 1.174 £0.004 0.206 1.188 £ 0.006 1.175 £ 0.004 0.071

Model 1: Adjusted for age, race (non-Hispanic white, Mexican American, other Hispanic, non-Hispanic black, and other races), and body mass index.

Model 2: Adjusted for age, race (non-Hispanic white; Mexican American; other Hispanic; non-Hispanic black; other races), body mass index, education level
(lower than 5™ grade; 5™ grade to 8" grade; higher than 8" grade), annual family income (under $20,000; $20,000 and over), diabetes (yes, no, borderline),
physical activity level (vigorous work activity, moderate work activity, walking or cycling, vigorous recreational activities, and moderate recreational activities),
and serum 25-hydroxyvitamin D levels.

HAV = hepatitis A virus.

All bone mineral density scores are in g/cm?.

Bold indicates statistical difference.

Table 3. Association between anti-hepatitis A virus and bone mineral density in adults

Model 1 Model 2
anti-HAV(-) anti-HAV(+) P anti-HAV(-) anti-HAV(+) P

Lumbar Spine

Pre 1.065 £ 0.001 1.049 £ 0.001 <0.001 1.066 + 0.001 1.050 £ 0.001 <0.001

Post 0.995 +0.001 0.948 +0.003 <0.001 1.001 £0.002 0.948 £ 0.003 <0.001

Male 1.036 £ 0.001 1.016 £ 0.001 <0.001 1.037 £ 0.001 1.017 £0.001 <0.001
Pelvis

Pre 1.238 £0.001 1.235£0.001 0.019 1.239£0.001 1.235£0.001 0.028

Post 1.160 £ 0.001 1.137 £0.002 <0.001 1.163 +£0.002 1.138 £0.003 <0.001

Male 1.274 £0.001 1.270£0.001 0.005 1.278 £0.001 1.272 £0.002 <0.001

Model 1: Adjusted for age, race (non-Hispanic white, Mexican American, other Hispanic, non-Hispanic black, and other races), and body mass index.

Model 2: Adjusted for age, race (non-Hispanic white; Mexican American; other Hispanic; non-Hispanic black; other races), body mass index, education level
(below high school, high school, or equivalent; above high school), annual family income (under $20,000; $20,000 and over), diabetes (yes, no, borderline),
physical activity level (vigorous work activity; moderate work activity; walk or bicycle; vigorous recreational activities; moderate recreational activities), high-risk
drinking, smoking, and serum 25-hydroxyvitamin D levels.

HAV = hepatitis A virus.

All bone mineral density scores are in g/cm?.

Bold indicates statistical difference.

Pre premenopausal female, Post postmenopausal female.



Figure 2. Comparative analysis of lumbar Spine and pelvis bone mineral density in two models across 10 subpopulations. (@) Lumbar
spine bone mineral density distribution in model 1; (b) Pelvis bone mineral density distribution in model 1; (c) Lumbar spine bone
mineral density distribution in model 2; (d) Pelvis bone mineral density distribution in model 2. The height of each histogram represents
the mean value and the bars represent the standard error.

DISCUSSION

Examination of the relationship between Hepatitis A seropositiv-
ity and BMD revealed that both adolescents and adults who tested
positive for Hepatitis A antibodies had lower BMDs than their
seronegative counterparts. This association persisted even after
controlling for several covariates that differed between the two
groups, suggesting an increased risk of osteoporosis in patients
with Hepatitis A seropositivity. Bone mineral density is a mea-
sure of the amount of minerals such as calcium and phospho-
rus in bones, which are essential for maintaining bone strength
and preventing fractures. Hepatitis A can cause an increase of
liver enzymes to above normal levels in the bloodstream, similar
to other types of acute viral hepatitis, indicating liver dysfunc-
tion and a risk of liver damage.*® Therefore, it may have a nega-
tive effect on nutrient metabolism absorption. Besides, the cyto-
kines including interleukin-10, interleukin-la, interleukin-6,
interleukin-8, interleukin-13, tumor necrosis factor-alpha, and

transforming growth factor-beta, are released in a Hepatitis A

infection.”** These cytokines may increase the risk of reduction
of BMD by stimulating the receptor activator of nuclear factor k-3
ligand-receptor activator of nuclear factor k-p-osteoprotegerin
(RANKL-RANK-OPG) system, which regulates the balance
between bone formation and resorption.** Multivariable regres-
sion is a method used to construct models that investigate the sta-
tistical relationship between a response variable (Y) and explana-
tory variables (Xi), with multivariable linear regression used when
Y is continuous and approximately normal.* In this study, Y was
the BMD of the lumbar spine or pelvis, which are continuous
variables, and the covariates were considered as Xi. Therefore, it
was reasonable to use multivariable linear regression to construct
the two models, in which the means and SEs of the lumbar spine
and pelvic BMDs were calculated after adjusting for covariates.
The association in adolescents was less significant than that in
adults, which may be attributable to the bone growth features of
adolescents. Although adolescents and adults experience different

changes in BMD, BMD is important in both age groups. During



adolescence, bone growth occurs rapidly, leading to an increase
in overall BMD. This process slows down considerably after the
age of approximately 20 years, when most people reach peak bone
mass (PBM).*® In contrast, adults face various factors that can
negatively affect their BMD, including aging, hormonal changes
(e.g., menopause), certain medications, or chronic diseases like
osteoporosis.” The results illustrated in Figure 2 demonstrate that
adolescents have lower lumbar spine and pelvic BMDs than adults
(premenopausal females included), and postmenopausal women
have lower BMD than premenopausal women in the same model
and anti-HAV subgroup. These results confirm the robustness of
the multivariable linear regression analysis. As people age, their
bones tend to lose density, making them more prone to breakage,
even with minimal trauma. Poor bone mass acquisition during
growth, leading to lower than optimal levels of PBM, increases the
risk of developing osteoporosis or other related conditions.****
Moreover, osteoporosis is not only common in white postmeno-
pausal women as it occurs in other populations of all ages, with
significant physiological, mental, and economic consequences.**
Therefore, it is important for individuals of all ages to prevent
long-term complications associated with low BMD levels, regard-
less of whether they are adolescents or adults.

In this study, a link between Hepatitis A and bone loss was
discovered for the first time; however, similar findings have been
reported for other forms of hepatitis, with several studies show-
ing an association between osteoporosis and Hepatitis B. Patients
with a Hepatitis B infection tend to experience bone loss and may
even develop osteoporosis or bone fractures. Zhang et al. found
that patients with Hepatitis B cirrhosis had lower BMD and higher
prevalence of osteoporosis than healthy controls.'® Dessordi et al.
reported that patients with a Hepatitis B infection had lower BMD
and higher serum levels of osteoclast markers than controls, suggest-
ing that chronic viral infection may enhance bone resorption inde-
pendently of antiretroviral therapy.'® Oh et al. reported that patients
with chronic Hepatitis B infection in South Korea had increased risks
of osteoporosis compared to the general population, as evidenced
by a 9% higher fracture rate and an upward trend of osteoporotic
fractures from 2007 to 2016."” Baeg et al. reported that male patients
with Hepatitis B virus infection had lower BMD in the femur and
lumbar spine than those without the infection.> Wei et al. reported
that antiviral therapy for chronic Hepatitis B with tenofovir diso-
proxil fumarate or entecavir did not increase the risk of osteopenia
or osteoporosis in Asian patients during a median follow-up of 4-5
years.” Research on Hepatitis C and other chronic active hepatitis
has also shown a loss of bone. Wijarnpreecha et al., in a meta-anal-
ysis of four studies, reported that Hepatitis C virus infection was
associated with an increased risk of osteoporosis.'”” Clements and
Rhodes reported a case of a 41-year-old female patient with chronic

active hepatitis who had a high rate of bone loss, in the context of

increased incidence of osteoporosis in patients with chronic liver
disease.*! Hepatic osteodystrophy (HOD), a condition of bone loss
in patients with chronic liver diseases, which leads to an increased
risk of osteoporosis and osteoporotic fractures, has been proposed
as a theory to explain this phenomenon. The pathogenesis of HOD
is complex and multifactorial, and involves hormonal, inflamma-
tory, nutritional, and genetic factors.> 4

Hepatitis A is an acute disease that does not result in a chronic
infection,' unlike HOD, which occurs only in patients with chronic
liver disease. The anti-HAV assay used in this study measures total
anti-HAV (IgG or IgM) in human serum or plasma, indicating
past or present infection with HAV or vaccination against HAV.*
Interestingly, the incidence rate of reported Hepatitis A cases in the
United States (one case per 100,000 population) was significantly
lower than the seropositive rate of anti-HAV in the study popula-
tion (68.74% in adolescents and 41.06% in adults). This suggests
that the high seropositivity rate of anti-HAV may not be due to
infection but rather vaccination. However, the association between
vaccination and bone loss has not yet been reported.

The present study was limited by the use of a total serum anti-
HAYV assay that detected total anti-HAV antibodies (including IgG
or IgM). This assay does not allow for the differentiation of IgG
and IgM, which can affect the BMD. Additionally, the study was
cross-sectional, which means that it was not possible to establish
the temporality between HAV infection and reduced BMD. Finally,
this study did not assess whether a reduction in BMD leads to clin-
ically relevant diseases. These limitations should be considered

when interpreting the results of this study.

CONCLUSIONS

This study confirmed that Hepatitis A seropositivity was associ-
ated with reduced BMD in both adolescents and adults, suggest-
ing that it is a potential risk factor for osteoporosis. Individuals
seropositive for Hepatitis A should be aware of this risk and take
preventive measures. Further research is needed to verify the
causal effects of Hepatitis A antibodies on bone tissue and eluci-
date the underlying mechanisms. These findings may have impli-
cations for public health and inform the development of targeted

interventions to prevent osteoporosis.
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ABSTRACT
BACKGROUND: cardiorespiratory arrest (CRA) is a severe public health concern, and clinical simulation
has proven to be a beneficial educational strategy for training on this topic.
OBJECTIVE: To describe the implementation of a program for pediatric cardiac arrest care using rapid-cy-
cle deliberate practice (RCDP), the quality of the technique employed, and participants’ opinions on the
methodology.
DESIGN AND SETTING: This descriptive cross-sectional study of pre- and post-performance training in
cardiopulmonary resuscitation (CPR) techniques and reaction evaluation was conducted in a hospital in
Sao Paulo.
METHODS: Multidisciplinary groups performed pediatric resuscitation in a simulated scenario with RCDP
mediated by a facilitator. The study sample included professionals working in patient care. During the
simulation, the participants were evaluated for their compliance with the CRA care algorithm. Further, their
execution of chest compressions was assessed pre- and post-intervention.
RESULTS: In total, 302 professionals were trained in this study. The overall quality of CPR measured pre-in-
tervention was inadequate, and only 26% had adequate technique proficiency, whereas it was 91%
(P < 0.01) post-intervention. Of the participants, 95.7% responded to the final evaluation and provided
positive comments on the method and their satisfaction with the novel simulation. Of these, 88% consid-
ered that repetition of the technique used was more effective than traditional simulation.
CONCLUSIONS: The RCDP is effective for training multidisciplinary teams in pediatric CPR, with an em-
phasis on the quality of chest compressions. However, further studies are necessary to explore whether
this trend translates to differential performances in practical settings.

INTRODUCTION
Cardiorespiratory arrest (CRA) is considered among the most severe public health problems
due to its significant healthcare burden, with significantly high morbidity and mortality rates.'

In pediatric patients, this condition is infrequent, and when it occurs, it is usually the result
of respiratory failure progression. For this reason, asystole and pulseless electrical activity (PEA)
are the most frequently presented rhythms, as evidenced in a study by Skellett et al. in the United
Kingdom.** In this scenario, defibrillation is not recommended, and high-quality cardiopulmo-
nary resuscitation (CPR) is the most preferred intervention in this population.*’

Each year, approximately 19,900 pediatric cardiac arrests occur in the United States, accord-
ing to the United States of America CRA registry publication.>®®

In Brazil, the database analysis of a tertiary pediatric hospital emphasized that in 15 years,
an increase of 6% was observed in the reestablishment rate of spontaneous circulation and that
of 13.8% in survival at hospital discharge.”'® This improvement is likely due to multifactorial rea-
sons that can be attributed to earlier recognition and management of at-risk patients, improved
quality of basic and advanced life support, post-CRA care, and patient care team training.’

Despite evidence supporting that CPR (cardiopulmonary resuscitation) is the best practice in
CRA treatment, the technique quality provided to pediatric patients in simulated and real CRA
situations''? is often inadequate and may negatively impact survival rates.'>**

Therefore, effective CPR training requires the use of innovative educational strategies to

achieve optimal results," and clinical simulation has proven to be a beneficial educational strategy.
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It supports skill development by reproducing a desired clinical
context in a safe and controlled environment.'

Traditionally, clinical simulation consists of complete scenario
development by a group of participants, followed by debriefing
mediated by a facilitator."” After which the scenario is terminated
without the participants having the opportunity to practice the
required tasks again in the correct manner.'”'®

To solve this problem, a study by Anders Ericsson'® suggested
deliberate practice as the most effective method to achieve per-
fection in performance. This method aims to maximize perfor-
mance through well-defined learning objectives, focused and
repetitive practice, accurate performance measures, and infor-
mative feedback.'*?

Given these conditions, the use of the rapid-cycle deliberate
practice (RCDP), a simulation strategy created by Hunt, has been
recommended.” This is a simulation-based model of education in
which learners develop their actions repeatedly (deliberate prac-
tice) for a short period (rapid cycle) in the same clinical scenario
until the desired skill is mastered by the participant. When the
objectives of one cycle are achieved, a new cycle begins, increas-
ing the complexity of the tasks required.'®*

The RCDP described by Hunt is characterized by a combination
of personalized directive feedback and practice, which is repeated
according to the participating students’ performance. It modifies
the debriefing from traditional post-simulation feedback to direc-
tive feedback within an event.*>'® In this novel approach, whenever
there is a non-conformity, the scenario is paused, the students are
interrupted, and the instructor provides brief, pertinent correc-
tive information.?'?* After the corrections, the scenario continues,
but this time follows the correct process. It allows participants to
have multiple opportunities to perform the technique correctly by

receiving focused guidance until they master the desired skills.***

OBJECTIVE

The main objective of this study was to describe the implemen-
tation of a simulation-based interdisciplinary training program
using RCDP specific to the context of CRA in pediatrics. Other
objectives were to describe the quality of performance of the pro-
fessionals at the beginning and end of the training and to report

the participants’ opinions regarding the methodology used.

METHODS
This descriptive cross-sectional study was conducted in a private
hospital providing pediatric care exclusively in the city of Sdo
Paulo from November 2020 to May 2022.

For this training project, the focus was a pediatric CRA with a
high-performance team. For this purpose, a fully simulation-based
multidisciplinary small group activity was established and supported by

the most updated methodology and evidence in the field of medicine.

The convenience sample comprised 302 professionals includ-
ing nurses, physical therapists, and physicians who work at the
institution, regardless of hierarchical level and area of work, who
agreed to participate in the study and signed an informed con-
sent form. Those who did not participate in the training or sign
the informed consent form were excluded.

The participants were invited to participate in the study and
informed of its objectives. Participation was voluntary, and con-
fidentiality was maintained.

After they consented to participate, they received an online
form to fill in the demographic data, a brief instruction with a
review of the Pediatric Advanced Life Suport (PALS-2020)* algo-
rithm, guidance on the methodology to be used in training, and its
objectives. They then began the care of a simulation case using a
high-fidelity manikin sequenced in cycles. With each cycle, addi-
tional steps of the pediatric resuscitation algorithm were added.

The performance of the participants selected for chest com-
pressions was evaluated in the first cycle of care (without instructor
intervention) for frequency, depth, and quality of technique using
the RescueNet Code Review software (standard edition) from Zoll
Medical Corporation (Chelmsford, Massachusetts, USA), which
captures information from electrodes positioned on the manikin
and archives it for later analysis.

The parameters configured in the software as the quality stan-
dard for the technique were based on the guidelines determined
by the American Heart Association (AHA).? For the variable
compression frequency, the range of 100-120 compressions/min
was defined, for depth compressions with 4-5 cm anteroposterior
chest diameter. To determine the quality of the technique accord-
ing to this guideline, parameters such as frequency and depth must
occur simultaneously.

During the simulation, participants were evaluated for compli-
ance with the CRA care algorithm. Therefore, when the instructor
noticed a failure to reach a goal for that round, the scenario was
paused and feedback was provided to correct the error, after which
the activity was restarted from the beginning of that round, allow-
ing the participants to practice the skills correctly.

The scenario was completed once the team achieved its goals
for all cycles. Finally, in the goal-achieved cycle, the participants’
performance in chest compressions was also recorded, collect-
ing data following the same parameters as those in the first cycle.

At the end of the training, a reaction survey was made available
to the participants to evaluate the training without identifying the
respondents. The form consisted of basic demographic information,
multiple-choice questions using a Likert scale to collect informa-
tion on perceived practicality and possible points for improvement,
basic information on the participants, and a space for comments.

Data from the reaction evaluation questionnaire and the feed-

back software were statistically analyzed. The average and standard



deviation were calculated for the continuous variable of CPR
quality with a t-test comparison of the average recorded pre- and
post-training.

This study was approved by the Ethics Committee of
Universidade Federal de Sao Paulo (approval number: 4,195,837)
on August 6,2020.7 Its results will only be disclosed anonymously,
and it will not be possible to identify its participants in compliance

with the General Data Protection Law.?®

RESULTS

For simulation, a pediatric CRA case was adapted for use in the
RCDP methodology. Cycles were created to provide the partici-
pants with adequate repetition of established goals and new chal-
lenges at each stage. This case was then used to train instructors.

During training, each instructor had the opportunity to lead
a round of simulations, while the others enacted the clinical case.
In addition, all trainers who participated in the additional train-
ing focused on deliberate practice methodology.

The safe learning environment generated integration and
engagement from the instructors, and important contributions
were made to enhance the performance of the simulated scenario.
Moreover, they clarified doubts, defined expected standards for the
participants, discussed and aligned the proposed learning objec-
tives, and practiced the adopted methodology.

This qualification was an important part of the project as it
enabled standardized training for all instructors. In this process, the
challenge was to transition from the traditional simulation meth-

odology, already well-established by previous training, to RCDP.

The clinical case scenario corresponded to a CRA in the PEA
rhythm resulting from severe respiratory failure and had four
objective goals (Figure 1).

Each program round was conducted by two instructors: one
responsible for operating the scenario and the other for recording
and extracting performance data from the equipment.

The group sessions were 1 h long and divided into 50 min of
instructional time and 10 min of course feedback and evaluation
(Figure 2).

The sessions were conducted from November 2020 to May 2022,
and each session had six participants, as determined by the insti-
tution’s CRA care protocol. The data resulting from the maneuvers
of the two professionals who took turns performing chest com-
pressions were recorded in the defibrillator equipment software in
the first and last cycles of training and used later for the analysis.

The 50 min of instruction time was divided as follows: the
first 10 min for presenting the objectives, program strategy, and
a punctual review of the CRA care algorithm determined by the
AHA in 2020. The next 10 min were for observation of the care
provided by the team in the CRA scenario without interruptions
or interventions by the instructors (recording of pre-intervention
domain training data). Finally, the remaining 30 min were allocated
to the same scenario but this time with the RCDP methodology
applied. The progress of the service was paused when an action
was incorrect, feedback was directed at failure, and the team was
provided another opportunity to correctly perform the technique.
Post-intervention compression data were also recorded during the

last cycle of care in this scenario.

CRA = cardiorespiratory arrest; CPR = cardiopulmonary resuscitation.

Emergency code
activation

.. Rapid _ - -
-\ Response _ -~ —JEpinephrine !
v Team i g b
' N - “  Early indication of
Diagnostic T CPR epinefhrine
CRA Recognition Start of CPR
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Figure 1. Goals set for each training session.
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CRA = cardiorespiratory arrest; AHA = American Heart Association.

2nd Stage

= They start acting in the complete simulated
clinical scenario without interference from
the instructors

= They start acting in the simulated clinical
scenario using the methodology of deliberate
practices

Figure 2. Steps established for each training session — rapid-cycle deliberate practice.

Finally, 10 min were reserved for closing feedback, in which
each group was presented with a graph of the quality of chest com-
pressions before and after the training so that they could visualize
the difference in performance. Further, a course feedback evalua-
tion using a structured online form was made available in the end.

Owing to the Sars-CoV-2 pandemic, the institutional norms
related to infection control were adjusted, and the training ses-
sions were linked to their compliance to ensure the safety of par-
ticipants and instructors.

These new guidelines directly impacted the planning of this
project. To comply with these guidelines, the number of profession-
als in the training area was limited, and the location was changed
to an external area of the hospital (outdoors), adapted, and pre-
pared with pediatric emergency equipment.

In addition, the attendees wore a mandatory N95 mask during
the entire training period, hand sanitization with alcohol gel usage
was imposed at the beginning and end of each session, and the
equipment and materials used were sanitized with standardized
hospital disinfectants at the end of each group.

All support materials and training forms were made available
electronically so that participants could access them from their
cell phones and, as such, did not share materials.

The entire project was studied and evaluated to ensure that safety
protocols were strictly adhered to, guaranteeing safety for partici-
pants and instructors while not compromising training dynamics.

Overall, 302 professionals were trained during the study

period, and all records of the participants’ performance in chest

compressions and responses to the reaction evaluation form were
included in the analysis. The sample comprised 48% nurses, 41%
physicians, and 11% physical therapists. Most participants per-
formed their care activities in the intensive care unit, followed by
inpatient units, emergency rooms, and operating rooms (Graph 1).

Among the training participants, 89% had already participated
in a course on CRA care in pediatrics (Table 1).

The overall quality of chest compressions measured at the
pre-intervention educational mastery training time was inade-
quate, and only approximately 26% had technique quality within
the given standards. In the post-intervention analysis, 91%, on
average, reported the quality of the technique used according to
the guidelines (Table 2).

In the statistical analysis comparing the mean quality of the
pre- and post-training proficiency using the t-test for paired sam-
ples, the difference was significant (P < 0.01).

Regarding the evaluation of the training, 289 answers were
obtained from the form made available; that is, 95.7% of the par-
ticipants registered their impressions of the training (Graph 2).

We observed that 97% of the respondents agreed that the theme
was important for the practice of their daily assistance activities,
and 95% agreed that the activity contributed to their performance
improvement in direct patient care.

Analyzing the instructors’ performance directly, 96% agreed
that they were encouraged to participate and ask questions during
the training and that the instructors were objective and clear in

their teaching.
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Graph 1. Distribution of CPR training participants with RCDP by activity unit; nov 2020 to mar 2022. (n = 302)—-

Table 1. Participation in a previous pediatric CRA course

N Yes N(%) No N(%)
Nurses 145 128 (88%) 17 (12%)
Physiotherapists 34 24 (71%) 10 (29%)
Physician 123 119 (97%) 4 (3%)

Regarding the method instituted for skill mastery training,
78% agreed that repetition of the technique used in this method-
ology was more effective than the traditional simulation of previ-

ous pieces of training.

DISCUSSION

A team without appropriate knowledge of how to act in a crisis
presents difficulties in the consistent execution of the guidelines
that form the basis of CRA care. Therefore, professional educa-
tion is important for improving survival outcomes in these cases.

This educational opportunity took advantage of the RCDP,
which is best employed in simulations that require a participant to
follow a clearly defined script under time pressure, as is the case in
resuscitation scenarios. Therefore, the adopted methodology met
the for skill requirements associated with the learning objectives
defined for this project.

Among the training participants, 89% had attended a course
on pediatric CRA on another occasion. Even with this prior theo-
retical knowledge and the review of current guidelines conducted
immediately before training, the average performance measured
in the pre-intervention scenario presented an inadequate quality

of the chest compression technique.

From these findings, and consistent with other publications, it
is possible to conclude that although theoretical presentations have
a clear impact on learning that can be evidenced by knowledge
assessment, they are not enough to ensure the transfer of knowl-
edge acquired into practice during simulated clinical scenarios.>*

The information extracted from the software showed that the
average frequency and depth of the chest compressions executed
before the intervention, despite being within the ranges determined
by the AHA protocols, were of inadequate quality. Therefore, in
most resuscitation movements, these two variables are not pres-
ent simultaneously in the pattern.

This condition noticeably improved performance measured
after training. Recording the resuscitation technique employed in
the last RCDP cycle revealed that the frequency and depth aver-
ages remained within the given standards, and the quality of the
technique employed was recorded as adequate in approximately
91% of the sessions.

The analysis comparing the average pre- and post-training
proficiency using the paired samples t-test revealed that the train-
ing intervention resulted in significant improvement in technique
quality (P < 0.01). This methodology can improve CPR skill quality.

This result aligns with the current literature, which shows
immediate improvement in skills and, consequently, in individual
and team performance when simulations using the RCDP tech-
nique are used in pediatric CPR.***

One of these studies was a pilot study by Lemke et al., which
demonstrated a trend toward improved staff performance during

pediatric CRA care after training with RCDP compared with
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Table 2. Performance of professionals in the CPR technique

compressions N AHA guideline Pre-training average DP Pos-training average DP
Frequency 302 100-120 109,62 14,36 109,59 5,89
Depth 302 4-5 441 0,83 4,21 0,86
Quality of CPR AHA guideline Pre-training Pos-training

100% 26% 91%

Repetition training is more effective that the
simulation used in the previous course

This type of course helps to improve my
performance in patient care

The instructor demonstrated presentation skills
(objectivity and clarity)

During the course, | was encouraged to participate
and clarify my doubts

During the course, | was encouraged to participate
and clarify my doubts

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Totally agree M agree

M | do not agree or disagree

disagree totally disagree

Graph 2. Reaction evaluation of CPR training participants with PDCR; nov 2020 to mar 2022. (n = 289)

traditional simulation. The study emphasized that the technique
was well-received by students, but they reported fatigue due to
repetition.*

Another study corresponding to our results is that of Hunt et al.,
who developed a teaching approach with RCDP that focused on
the rapid acquisition of resuscitation and teamwork skills in the
first 5 min of pediatric CRA care. The results revealed that train-
ing was associated with better resident performance during care
for almost all measurable measures.*®

Focusing on prehospital CRA care, Kosoko et al. developed
training with RCDP and showed that this intervention was an effec-
tive way to educate professionals about this medical emergency.”

Regarding the evaluation of the training feedback, almost all
respondents considered the topic covered in the training to be
important for their practice. Among the placements in the free
evaluation field, the most common one regards CRA as a severe
situation, which is infrequent, and thus needs to be trained peri-
odically to be performed with quality and safety.

These results also demonstrated that the training provided
greater self-confidence in resuscitation skills. Participants per-

ceived the proficiency they had achieved at the end of the sessions

and were able to evaluate differences in technique performance
after the RCDP cycles.

Consistent with the findings of this study, the mastery learn-
ing methodology is increasingly associated with better educational
outcomes, especially concerning resuscitation topics,***!-** as high-
lighted by Magee et al.**

The survey items that evaluated the instructors emphasized
the relevance of previous training and instructor involvement
in scenario construction and clinical cases. These steps provided
standardization in the process and commitment to the stipulated
learning objectives.

In the last statement of the form, participants were encouraged
to compare the traditional simulation performed earlier with the
RCDP. The responses revealed that the participants perceived that
their ability to practice repeatedly enhanced their learning regard-
less of how time-consuming it was.

Finally, the comments were almost entirely positive and allowed
us to state that the dynamism of RCDP was well-received by the
study participants. In line with the findings of Chancey et al.*®

Regarding perceived effectiveness, most participants exhibited

a high degree of satisfaction in recognizing the relevance of the

6 Sao Paulo Med J. 2024;142(5):e2023271



content and skills learned. It is noteworthy that the present report
is surprising at the results of the pre- and post-training compar-
isons. In fact, a large proportion realized and recorded that the
techniques they believed they knew properly fell short of what
was expected for a high-quality procedure.

Another important issue was the perception that it was pro-
ductive to learn from other members of the multidisciplinary team
because working in a cohesive team is a determining factor in suc-
cessfully handling an emergency.

Although future studies are necessary to evaluate the translation
of knowledge and skills from the learning environment to the clin-
ical setting, this study revealed that it is critical to devote efforts to
developing innovative health education strategies based on current
scientific evidence for an improved care. These interventions can
lead to differences in excellent and safe care for pediatric patients.

The results of this study reflect a specific simulated context,
making it difficult to predict whether they can be directly gener-
alized to actual patient care.

Another limitation is the lack of data on the improvement in
CPR quality observed in previous training courses for compari-
son with the data obtained in this study.

Because it is a single-event training program, a higher limita-
tion is the non-evaluation of skill retention. Therefore, it is impos-
sible to assess how often training is required to maintain adequate

professional performance.

CONCLUSIONS

The results of this study suggest that the RCDP is an appropriate
and effective methodology for interdisciplinary team training in
pediatric CPR, with an emphasis on the quality of the chest com-
pression technique.

The measurable data revealed a significant improvement in par-
ticipants’ performance in the last cycle of the scenario compared
to the first cycle. This demonstrates that this method contributed
to the improvement of adequate technical skills in compression
during CPR care in a simulated environment.

However, further studies are needed to explore whether this
presented trend translates into differential performance in a prac-
tical setting, whether these acquired skills are sustained in the long
term, and for how long.

This program was effective, well-received, and well-evalu-
ated by the participants, who considered it better, more practical,
and more dynamic than the simulation methodology previously
adopted as a standard.

Nevertheless, further research is needed to determine whether
the perceived benefits of this mastery training program translate
into clinical practice by reducing errors, improving team perfor-
mance, and, most importantly, improving the prognosis of chil-

dren who rely on high-quality CPR.
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ABSTRACT
BACKGROUND: During development, children face a number of demands and cognitive, behavioral, and
social challenges necessary for growth. Cognitive skills make individuals competent and allow them to
interact with their environment.
OBJECTIVE: To identify the cognitive skills that promote better social insertion in children with autism
spectrum disorder within 12 months.
DESIGN AND SETTING: Prospective cohort study
METHODS: In this study, 21 children aged 3-12 years were assessed, and their mothers were interviewed.
Children were enrolled in regular or special autistic schools. Twelve months after the first assessment, the
same children participated in the second assessment. In individual interviews, mothers provided data by
answering the Vineland Adaptive Behavior Scale. Each child was assessed individually using the fourth
edition of the Stanford Binet Intelligence Scale 4th Edition.
RESULTS: In the first assessment, the Stanford Binet areas and total scores correlated with the communi-
cation domains, daily life abilities, socialization, and total score of the Vineland Scale. After 12 months, a
correlation was observed between the Stanford Binet areas and the total and communication domains,
daily life abilities, socialization, motor abilities, and total score on the Vineland Scale.
CONCLUSION: Logic mathematics and memory promote better social insertion in children with autism
spectrum disorder. General cognitive ability promotes communication.

INTRODUCTION

During development, children face a number of demands and cognitive, behavioral, and social
challenges necessary for growth. Child development involves these different aspects, and its
purpose is to make children skilled in responding to their needs and the demands of their
environment. The interrelation between these aspects makes the development a complex and
intriguing process."?

From a cognitive standpoint, children develop flexibility in thought, the ability to come up
with strategies for problem solving, and the capability to establish spatial, temporal, and causal
relationships between objects.® From a social standpoint, they develop social skills for commu-
nicating and performing activities of daily living that make them independent; they also develop
behavior that helps them relate better to others.**

Intelligence is an important parameter in the structuring and dynamics of global child devel-
opment.’ It is conceived as a general cognitive skill made up of mental abilities directed at social
adaptation, such as language, logical-mathematical reasoning, visual-spatial reasoning, and
short-term memory.* Cognitive skills involve responses for problem solving.® These responses
are concretely expressed in the performance of daily activities and influence the performance of
adaptive skills, such as communication, daily living skills, socialization, and motor skills, neces-
sary for children to be socially included and experience personal autonomy.?

Qualitative failures in adaptation to social demands over time lead to diagnoses such as
autism spectrum disorder (ASD).! In these syndromes of global development abnormalities,
adaptive disabilities go hand-in-hand with communication problems as well as interest and activ-
ity restrictions.'® The manifestations vary considerably with regard to the degree of severity and
intellectual level of each child, which affects the performance of the daily activities necessary for

autonomy." The difficulties in social adaptation found in children with ASD may be linked to
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failures in cognitive processes related to intelligence. Thus, it is
supposed that correlations between cognitive and adaptive skills
change throughout development, and specific cognitive skills pro-
mote greater social inclusion in children with these conditions.

Cognitive profiles have revealed specific skills that interfere
with the adaptive profiles of children with ASD."*'

Executive functions enable mental manipulation of ideas, think-
ing before acting, facing new and unforeseen challenges, resist-
ing temptations, and focusing. In this sense, executive functions
generally comprise three components: working memory, cogni-
tive flexibility, and inhibitory or self-control.”* Thus, the executive
functions have been studied and highlighted as important in the
development of the pragmatic dimension of language, because
the integrated operation of these functions allows to maintain
and update the conversation without losing relevant information
arising from the manipulation of facts in working memory and
inhibition of off-topic responses. This study found a positive cor-
relation between executive functions and theory of mind, which
are considered predictors of the severity of autism symptoms.'®
Executive functions can be identified in the absence or scarcity of
symbolic play in children with ASD as well as in the presence of
restricted and repetitive patterns of interest and activity."”

Cognitive delay manifests as logical and intuitive reasoning
deficits related to expressive language. These deficits interfere with
knowledge of the world, interaction with people, and expression of
their desires.'® Increased cognitive performance and Intelligence
Quotient (IQ) influence expressive language skills and are not
related to social communication skills or diagnosis of ASD.'#*
Cognitive skills such as low non-verbal quotient are also related
to expressive language deficits. Studies have shown that nonver-
bal quotients predict patterns of increased simultaneous and lon-
gitudinal expressive language and sentence speech acquisition in
children with ASD,' although intellectual disabilities commonly
co-occur with low expressive language in this condition.®

The literature investigated social skills, executive functions,
and theory of mind in six (6) children diagnosed with ASD.*!
They observed that the language development level of these chil-
dren is important for the interaction and understanding of social
processes, and that executive functions and social skills are directly
influenced by the developmental level of verbal language.

The development of children’s memory is strongly linked to
that of communication and oral language in children with ASD,
and the range of memory in these children remains intact.?2?*
However, recent studies have shown that children and adults with
ASD have difficulties with short-term memory, especially serial
order memory. This variation in memory function patterns cannot
be explained by intelligence or language skills but is likely related
to memory processing.** Furthermore, recent research has shown
that individuals with ASD demonstrate difficulty with verbal and

non-verbal short-term memory, especially in serial order, but
not with item retrieval.?® Visual memory is an important skill for
children with ASD; however, it depends on the complexity of the
stimulus, that is, whether they depend on verbal skills as well as
on the effect of age and 1Q.**

Some children with autism spectrum disorder have an impres-
sive memory for memorizing, but the memorized information does
not generalize to different contexts. When memory is stimulated by
the environment, it becomes an important skill for social adaptation,
as it facilitates communication and learning for activities of daily
living, such as tying shoes, putting on clothes, buttoning shirt.”

The literature shows that deficits in divided attention and verbal
fluency are related to social disabilities as well as impairments in
working memory, which play a role in adaptive social difficulties.”**

Another important aspect is that children with ASD show excel-
lent performance in visual and spatial perceptual functions, such as
detecting objects changing positions, known routes or paths, color
discrimination, and simple visual tracking tasks. Although visuo-
spatial perception may contribute to the high skills of these chil-
dren,” they present difficulties when asked, in this organizational
process, to understand a sequence of images, both in sentence con-
struction and telling a story as well as difficulty in linking sensory

information into a unified perception.*

OBJECTIVE
The aim of the present study was to identify the cognitive skills
that promote greater social insertion in children with ASD on

two separate evaluation occasions with a 12-month interval.

METHODS

This prospective cohort study was approved by the Ethics
Committee of the Universidade Federal de Sdo Paulo (Brazil),
with the authorization of the services involved (CEP no 0334/06,
dated April 13, 2006). The parents/guardians of the participants

signed informed consent forms.

Participants

This study was conducted on two occasions. Twenty-six children
aged between 3 and 12 years participated in the evaluation along
with their mothers. All children had been previously diagnosed
with ASD, confirmed by a specialized multidisciplinary team
via interviews with parents, clinical evaluations, and based on
the criteria of the Diagnostic and Statistical Manual of Mental
Disorders Index (DSM-5).1%3! The children were involved in
intervention programs at a specialized municipal school in Sao
Paulo (Friends of Autism Association) and the Center for Speech
and Hearing Investigation of Language in Global Development
Disorders at the Teaching Clinic of the Sector of Human

Communication Disorders, Department of Speech and Hearing



Therapy, Universidade Federal de Sao Paulo. Twelve months after
the first evaluation, 21 of the same mother/child pairs partici-
pated in the second evaluation, during which the children were
aged between 4 and 13 years.

The inclusion criteria were as follows: boys and girls aged
between 3 and 12 years (and their mothers) involved in regular
public or private educational programs. The exclusion criteria were
as follows: comorbidities such as hearing loss, encephalopathy, or
tuberous sclerosis; non-adherence to the reassessment of the chil-
dren 1 year after the beginning of the study; and abandonment of

the educational program.

Instruments

The Stanford Binet Intelligence Scale, 4th Edition® was
employed to measure children’s cognitive skills. This scale mea-
sures the general cognitive capacity and skills. It is made up of
15 subtests and furnishes an estimate of the general cognitive
level and standard of cognitive skills in four areas: 1) Verbal
Reasoning Subtests: Vocabulary, Comprehension, Absurdities,
and Verbal Relations; 2) Visual-Abstract Reasoning Subtests:
Pattern Analysis (Cubes), Copying, Matrices, Paper Folding,
and Cutting; 3) Quantitative Reasoning Subtests: Quantitative,
Numerical Series, Equation Building; 4) Short-Term Memory
Subtests: Bead Memory, Memory for Sentences, Memory for
Objects, and Memory for Digits.

All subtests were divided into levels beginning at 2 years of
age. Each age group was determined using two items of approxi-
mately equal difficulty. The levels are composed of items arranged
in increasing order of difficulty. The administration begins with the
Vocabulary subtest, which uses chronological age and determines
the mental age from the score the child achieves; the mental age
then defines the starting point for the other tests. When a child
makes a mistake in one of the items, the administration of the test
should return to the items on the previous levels until two consec-
utive items are answered correctly. The test was administered until
the child consecutively answered three of the four items or four
items for two consecutive levels incorrectly. The scores achieved
in each subtest were converted into standardized scores for age in
the corresponding tables. The score was considered normal when
the average was 50, and the standard deviation was 8. The com-
posite standard age score (SAS) is considered normal when the
average was 100, with a standard deviation of 16. The SAS of the
Stanford Binet Intelligence Scale is equivalent to the intelligence
quotient (QI) or general reasoning skills.*

The Vineland Adaptive Behavior Scale (VABS)* was used to
measure adaptive skills.

The VABS* aims to assess the adaptive development of chil-
dren and adolescents in their daily lives. Adaptive behavior on

the scale is subdivided into four domains and sub-domains: 1)

Communication (67 questions), subdivided into receptive, expres-
sive, and written; 2) Daily Living Skills (92 questions), personal,
domestic, and community skills; 3) Socialization (66 questions),
interpersonal relationships, play and leisure time, and coping skills;
and 4) Motor Skills (36 questions), gross and fine motor skills.

An optional index (36 questions) was designed to evaluate mal-
adaptive behaviors such as obstinacy, impulsiveness, stubbornness,
aggressiveness, anxiety, introversion, negativism, and mood swings.

The responses were scored in the following manner: 2 - usu-
ally, 1 - sometimes, 0 — never. N denotes no opportunity (does not
apply), and DK is used when the respondent does not know the
answer. The responses were recorded on the form. The raw scores
obtained for each subdomain are converted into standardized
scores for age in the corresponding tables. A normal score was
defined as a mean score of 90-110 points. In the present study, the
raw scores were not converted into standardized scores for age; we
only considered correct answers. To obtain the profile of children
with ASD from the total score and scores per category and sub-
category, the administration of the scale commenced with item 1
on all sections. Higher scores on the VABS indicated greater social
adaptation in children with ASD.

Procedure

In the individual interviews, mothers provided data on adap-
tive skills in response to the VABS. An intellectual assessment
was performed on each child individually by a psychologist
with experience in the administration of intellectual tests and
trained in the administration of the Stanford-Binet Intelligence
Scale 4th edition.

Statistical Analysis

Sample power was calculated to determine the precision and
reliability of the samples. The test revealed a sample power of
83% for 21 children. Spearman’s correlation coeflicient was
calculated to correlate the domains and total of the VABS test,
and the areas and total of the Stanford-Binet test; as this sta-
tistical method is non-parametric and can be applied in more
general cases when non-normal distribution is presumed.*
Spearman’s correlation coefficient was calculated for the first
evaluation, second evaluation and to determine differences
between the two evaluation moments. Statistical significance
was set at P < 0.05.

RESULTS

The results demonstrated that children with ASD had specific cog-
nitive skills that only correlated with specific adaptive domains in
both evaluations. The tables below display the descriptive mea-
sures of the total Stanford-Binet and VABS for both evaluations,

the values for the Spearman correlation coefficients (r) between



the areas of the Stanford-Binet and VABS domains, and the
p-values of the significance tests of these coeflicients.

Table 1 displays the descriptive measures for the total Stanford-
Binet and VABS at both evaluation times.

Table 2 displays the values of the Spearman correlation coeffi-
cients for the areas and total of the Stanford-Binet with the domains
and total VABS in the first evaluation.

All areas of the Stanford-Binet were correlated with
Communication, Daily Living Skills, Socialization, and total VABS
(P < 0.05), whereas the areas of the Stanford-Binet were not cor-
related with the Behavior Problems domain of the VABS (P > 0.05).

Table 1. Descriptive measures for the total of the Stanford-Binet and
VABS in both evaluation times

Scales/ 1st evaluation  2nd evaluation

X P value
instruments Mean (SD) Mean (SD)

Stanford-Binet 53.76 (67.15) 60.00 (73.50) 0.001
VABS 212.86 (84.47) 243.67 (83.49) 0.002

* Significant at P < 0.005; VABS = Vineland Adaptive Behavior Scale; SD =
standard deviation.

Table 3 displays the values of the Spearman correlation coefhi-
cients for the areas and total of the Stanford-Binet with the domains
and total VABS in the second evaluation.

All areas and the total Stanford- Binet had a direct correlation
with Communication, Daily Living Skills, Socialization, Motor
Skills domains, and total VABS (P < 0.05).

Table 4 shows the values of the Spearman correlation coef-
ficients for the Stanford-Binet areas with the VABS domains for
both evaluations.

The Visual-Abstract Reasoning area had an inverse correla-
tion with total VABS (P = 0.04) over the course of 12 months.
The Quantitative Reasoning area had a direct correlation with the
Daily Living Skills domain (P = 0.03) and VABS total (P = 0.03)
over the course of 12 months. The Short-Term Memory area had
a direct correlation with the total VABS (P = 0.01) over the course
of 12 months. The Stanford-Binet total score was directly cor-
related with the Communication domain (P = 0.01) over the course
of 12 months. No correlations were observed between the areas
and total of the Stanford-Binet with the Communication, Daily
Living Skills, Socialization, Motor skills domains, and total VABS
(P < 0.05) after 12 months.

Table 2. Spearman correlation coefficients between the areas and total of the Stanford-Binet and the domains and total of the VABS in

the first evaluation

VABS

Communication
Daily Living Skills

Socialization
Motor Skills
Behavior

Total

Visual Abstract
Verbal Reasoning X
Reasoning
r=0.90* r=075*
r=0.83* r=0.81*%
r=0.75* r=0.70*
r=0.37 r=047
r=0.36 r=0.36
r=0.76* r=0.73*

* Significant at P < 0.001; VABS = Vineland Adaptive Behavior Scale.

Table 3. Spearman correlation coefficients for the areas and total of the Stanford-Binet with the domains and total of the VABS in the

second evaluation

VABS

Communication
Daily Living Skills
Socialization
Motor Skills
Behavior

Total

Verbal Reasoning Vi;u:als:::gad
r=091* r=0.72*%
r=0.78% r=0.68%
r=0.80* r=0.61*%
r=0.70% r=0.71%
r=-0.37 r=0.23
r=0.85*% r=0.68*

* Significant at P < 0.001; VABS = Vineland Adaptive Behavior Scale.

Stanford-Binet

uantitative
a ) Short Term Memory Total
Reasoning
r=0.78* r=0.85*% r=0.87*%
r=0.80* r=0.76* r=0.82*
r=0.79* r=0.73* r=0.78*%
r=0.50 r=0.39 r=0.42
r=0.41 r=034 r=0.37
r=0.76* r=0.72*% r=0.07*%

Stanford-Binet

Q:::;::::‘i;e Short Term Memory Total
r=0.89* r=0.93* r=0.85%
r=0.79* r=0.82% r=0.73*
r=0.87* r=0.82* r=0.72*%
r=0.66* r=0.71% r=0.70%
r=-0.31 r=0.36 r=0.24
r=0.83* r=0.88*% r=0.79*%



Table 4. Spearman correlation coefficients for the areas of the Stanford-Binet with the domains of the VABS in both evaluations

VABS Verbal Reasoning Vi;u:alsﬁ:?:zd
Communication r=0.36 r=0.16
Daily Living Skills r=0.14 r=0.14
Socialization r=-0.24 r=-0.16
Motor Skills r=022 r=0.15
Behavior r=0.31 r=0.21
Total r=0.18 r=-0.44%

* Significant at P £0.05; VABS = Vineland Adaptive Behavior Scale.

DISCUSSION

In the present study, cognitive skills were highly correlated with
adaptive skills in children with ASD. The Short-Term Memory area
correlated with all VABS domains, except for motor skills. It may
be presumed that the information processed and stored in mem-
ory is not used for motor aspects. Children likely need to use fre-
quent, repeated practice to memorize and store motor sequences.

Regarding short-term memory, children are able to organize
the information received from the environment by encoding active
memory into long-term memory. The improvement in this specific
skill allowed information to be transferred from long-term memory
to active memory and the processes of trial, elaboration, interpre-
tation, and re-codification used by the children to become more
socially adapted. The development of memory involved changes in
the skills of recognition, recall, strategies, problem solving, meta-
cognition, and information content.*

Over the course of 12 months, logical-mathematical cognitive
skills and memory promoted better social inclusion in children
with ASD. General cognitive skills promote improvement in com-
munication. The performance of cognitive, behavioral, and adap-
tive skills changed significantly over the course of 12 months, and
specific cognitive skills promoted social inclusion.

The Visual-Abstract Reasoning area was inversely correlated
with the total VABS over the course of 12 months. In terms of the
average performance on the test in this area, there was no signif-
icant increase in the mean values of either evaluation, although
Visual-Abstract Reasoning is often mentioned in the literature as
the specific cognitive skill with the greatest emphasis in children
with ASD.***” This result indicates that greater use of visual-spatial
skills denotes less social inclusion, regardless of the time of evalua-
tion. Visual-Abstract Reasoning measures spatial skills; it is a pre-
requisite for environmental stimulation and is directly correlated
with fluid intelligence. This is an innate biological skill that children
perform to solve problems linked to visual-spatial-perceptive pro-
cesses. Children do not require others to help or even teach them

this skill. The Stanford-Binet tests are related to the visual-spatial

Stanford-Binet

Q::an:‘:::::;e Short Term Memory Total
r=0.03 r=0.36 r=0.55%
r=0.46* r=0.06 r=0.03
r=0.41 r=0.07 r=-0.08
r=0.10 r=0.32 r=0.11
r=0.17 r=0.34 r=0.05
r=0.45% r=0.54* r=0.10

process and are based on visual analysis and synthesis of geometric
figures from the whole to the parts and vice versa. Children may
have had difficulties with social adaptation because the tests were
self-satisfying, interesting, and self-reinforcing. In other words,
the visual stimuli contributed to social isolation.

The Quantitative Reasoning area correlated with Daily Living
Skills and total VABS over the course of 12 months. Elementary logic
operations involve the possibility of reconstituting the path taken
by thought, that is, the reversibility of the reasoning carried out.”
The solution of a mathematical problem, or logical quantitative
reasoning, is divided into the representation and solving of the
problem. According to the literature, individuals may differ in
their ability to correctly translate sentences that make up the prob-
lem." To represent the problem, a child needs to have linguistic
knowledge for a verbal analysis of the mathematical problem
solicited on the test and its quantitative relation with the response
required. Knowledge of the world is necessary for a child to rep-
resent a quantity.

Children’s linguistic knowledge increases with age. To solve
mathematical problems, a child requires strategic knowledge or
planning. Daily living skills are related to habits of self-sufficiency
that allow children to actively participate in the environment in
which they live. Children in this study exhibited improvements
in elementary logic operations. It may be hypothesized that the
improvement in the reversibility of thought, linguistic knowledge,
and perception of the world enabled these children to translate
the mathematical propositions solicited on the test as well as inte-
grate, plan, and execute the activities. Corroborating these find-
ings, the fact that they were able to perform an elementary math-
ematical operation facilitated organizing their desk, placing the
correct number of plates solicited, handling money, telling time,
and considering the possibility of a car approaching when they
crossed the street.'? No significant associations were found in the
literature between attention, working memory, inhibitory control,
thinking flexibility, and social skills; however, planning appeared

to be associated with adaptive communication skills.*®
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The Short-Term Memory area was directly correlated with the
total VABS over the course of 12 months. This finding corrobo-
rates a previous study,” which reported that memory promoted
adaptive behavior in children with ASD. With the retention of
knowledge and recognition of the information to be used cor-
rectly, more organized thought allowed the use of memory in a
more coherent and adequate fashion. In the present study, atten-
tion was found to be a key factor in improving short-term mem-
ory. Attention is the means by which humans actively process a
limited amount of information through the senses, memory, and
cognitive processes. There appears to be a limit to the amount of
information on which we can concentrate our mental resources
at any given time. When we diminish our attention to sensations,
thoughts, and memories, we may focus on stimuli that interest us.
Our results corroborate the previous studies” that showed that
attention probably opened paths for memory processes in chil-
dren and adolescents with ASD and facilitated social adaptation.

The intellectual capability to use more general reasoning pro-
cesses, relate to complex ideas, form abstract concepts, or per-
form mental operations when solving relatively new problems is
directly correlated with improvements in the Communication
domain. This indicates that the children with ASD in the present
study used reasoning and mental operations to develop speech,
diminish their difficulties in being with others, and pay attention
to social cues. Such skills are necessary for the development of
gestural and visual communication that precedes the manifesta-

tion of speech.®

CONCLUSION

In summary, the present study provided evidence of specific
skills that promote the social inclusion of children with ASD over
time. The identification of these skills assists the clinical and edu-
cational operations of multidisciplinary teams regarding the cog-
nitive failures that hinder the social adaptation process and are

common to individuals with these conditions.
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ABSTRACT
BACKGROUND: Concerns regarding high open surgery-related maternal morbidity have led to improve-
ments in minimally invasive fetal surgeries.
OBJECTIVE: To analyze the perinatal and maternal outcomes of minimally invasive fetal surgery per-
formed in Rio de Janeiro, Brazil.
DESIGN AND SETTING: Retrospective cohort study conducted in two tertiary reference centers.
METHODS: This retrospective descriptive study was conducted using medical records from 2011 to 2019.
The outcomes included maternal and pregnancy complications, neonatal morbidity, and mortality from
the intrauterine period to hospital discharge.
RESULTS: Fifty mothers and 70 fetuses were included in this study. The pathologies included twin-twin
transfusion syndrome, congenital diaphragmatic hernia, myelomeningocele, lower urinary tract obstruc-
tion, pleural effusion, congenital upper airway obstruction syndrome, and amniotic band syndrome. Re-
garding maternal complications, 8% had anesthetic complications, 12% had infectious complications, and
6% required blood transfusions. The mean gestational age at surgery was 25 weeks, the mean gestational
age at delivery was 33 weeks, 83% of fetuses undergoing surgery were born alive, and 69% were dis-
charged from the neonatal intensive care unit.
CONCLUSION: Despite the small sample size, we demonstrated that minimally invasive fetal surgeries are
safe for pregnant women. Perinatal mortality and prematurity rates in this study were comparable to those
previously. Prematurity remains the most significant problem associated with fetal surgery.

INTRODUCTION

Fetal surgery involves heterogeneous interventions, varying from simple to complex, in which
the primary goal is to improve the health of newborns diagnosed with abnormalities during pre-
natal period through intrauterine treatments that decrease the morbidity and mortality rates of
potentially severe or lethal congenital anomalies.

Fetal therapy has seen significant advancements in recent decades, and ultrasound has made
the approach to fetal procedures safer owing to the availability of real-time guidance."** In the
early 1980s, open surgical treatments were started >¢, but concerns about the high maternal mor-
bidity rates related to open surgeries have led to the search for less invasive alternatives.” The
increasing popularity of videoendoscopic surgery in the 1990s, combined with recent experience
in fetoscopy, introduced the concept of endoscopic or minimally invasive fetal surgery *, which
is under continuous development and improvement.®

In Brazil, one of the first fetal endoscopic surgeries was fetoscopy for the laser treatment of
twin-twin transfusion syndrome (TTTS), which was performed in 2001.>"° Since then, several
surgical techniques for fetal surgeries, both minimally invasive and open surgeries, specifically
for myelomeningocele, have been performed.”® Currently, few groups have performed percuta-
neous endoscopic fetal surgery for the treatment of myelomeningocele; Brazilian and German
researchers have pioneered advances in performing this technique. The neurological results of

this technique are similar to those of the open technique.*'***
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OBJECTIVE
This article describes maternal and perinatal outcomes of min-
imally invasive fetal surgeries performed at two fetal medicine

referral centers in Rio de Janeiro, Brazil.

METHODS
This retrospective study included all pregnant women who under-
went delivery and minimally invasive fetal surgery between 2011 and
2019 at the Instituto Fernandes Figueira/Fiocruz (IFF/Fiocruz) and
Clinica Perinatal, which are both referral centers for maternal-fetal
medicine in Rio de Janeiro, Brazil. Clinical data and outcomes were
exclusively assessed by reviewing medical records from the prenatal
period to hospital discharge. This study was approved by the local
institutional ethics committee under number 27452719.5.0000.5269,
in accordance with the National Health Council resolution 466/12.

Outcomes included maternal and obstetric complications, neo-
natal morbidity, and fetal and neonatal mortality from the intrauter-
ine period to hospital discharge. Maternal complications included
anesthetic complications, infectious complications, need for blood
transfusion, and admission to intensive care unit. Preterm labor,
preterm delivery, chorioamnionitis, and preterm premature rupture
of ovular membranes (PPROM) were considered pregnancy com-
plications. Neonatal morbidities were defined as findings of brain
injury on ultrasonography, retinopathy of prematurity (ROP), bron-
chopulmonary dysplasia (BPD), necrotizing enterocolitis (NEC),
neonatal infection, need for ventilatory support, admission to the
neonatal intensive care unit (NICU), or length of stay in the NICU.

Cerebral injuries were detected using cranial ultrasound in
neonates, and they were classified as mild to severe intraventricu-
lar hemorrhages '* or as mild to severe periventricular leukomala-
cia.' ROP was classified into five stages based on the International
Classification of Retinopathy of Prematurity.”” BPD was defined for
newborns under 32 weeks of oxygen therapy > 21% for at least 28
days after 36 weeks of post-menstrual age or discharge to home,
whichever came first, or for newborns aged > 32 weeks, oxygen
therapy for > 28 days but < 56 days postnatal age or discharge to
home, whichever came first.® NEC diagnosis was based on clini-
cal signs and symptoms and radiological findings, surgically con-
firmed in some cases.'” Neonatal infections confirmed via labora-
tory testing were considered owing to the difficulty of classifying
neonatal sepsis based on medical records.

Statistical analyses were performed using SPSS software ver-
sion 17.0 for Windows (SPSS Inc., Chicago, IL, USA). Frequency
measures were used for categorical variables and means and stan-

dard deviations were used for numerical variables.

RESULTS
Seventy-five surgeries were performed between 2011 and 2019.

Patients who were followed up and gave birth in the research

units were included, totaling 50 patients (8 at IFF/Fiocruz and
42 at Perinatal). Twenty patients had multiple pregnancies; the
total of fetus was 70. Pathologies seen were as follows: 18 (36%)
patients with TTTS, with or without fetal growth restriction; 12
(24%) with congenital diaphragmatic hernia (CDH); 9 (18%)
with myelomeningocele (MMC); 4 (8%) with lower urinary tract
obstruction; 4 (8%) with pleural effusion; 2 (4%) with congen-
ital high airway obstruction syndrome (CHAOS); and 1 (2%)
with amniotic band syndrome. The outcomes of all pathologies
are described together, and for discussion purposes, the patholo-
gies with the highest incidence were analyzed separately (TTTS,
CDH, and MMC). One case each of CHAOS and CDH occurred
in a woman with multiple pregnancies. Table 1 presents the base-

line characteristics of the study population.

Surgical variables
The mean gestational age on the day of surgery was 25 weeks
(range, 16-32 weeks), being 21 weeks (17-25 weeks) in the TTTS

Table 1. Baseline characteristics of the study population
Results
(N =50)

33(20to 42)

Maternal variables

Mean age (years)
Comorbidities - no. (%)

No 36 (72)
Yes 14 (28)
Hypothyroidism 5(10)
Diabetes mellitus 1(2)
Arterial hypertension 1(2)
Thrombophilia 2(4)
Others 5(10)
Conception - no. (%)
Spontaneous 46 (92)
Assisted Reproduction Techniques 4(8)
Number of fetuses - no. (%)
Singleton pregnancy 30 (60)
Multiple Pregnancy 20 (40)
Delivery - no. (%)
Caesarean section 45 (90)
Vaginal delivery 5(10)
Fetal Pathology - no. (%)
Twin-twin Transfusion Syndrome” 18 (36)
Congenital Diaphragmatic Hernia' 12 (24)
Myelomeningocele 9(18)
Lower Urinary Tract Obstruction 4(8)
Pleural Effusion 4 (8)
Congenital Upper Airway Obstruction Syndrome! 2(4)
Amniotic Band Syndrome 1(2)
Location of placenta - no. (%)
Anterior 21(42)
Others 29 (58)

“with or without Fetal Growth Restriction; 'one case in multiple
pregnancy



treatment group; 28 weeks (23-30 weeks) in fetuses with CDH for
fetoscopic endoluminal tracheal occlusion (FETO); and 27 weeks
(25-28 weeks) in the MMC correction group. 21 (42%) patients
received local anesthesia or sedation, 11 (22%) received general
anesthesia, and 30 (60%) received spinal anesthesia. The mean sur-
gical time was 80 min (63, 66, and 148 min for TTTS, FETO, and
MMC corrections, respectively). 41 patients (82%) received antibi-
otic prophylaxis, 36 (72%) received tocolytic agents, and 24 (48%)
received atosiban. In addition, 21 (42%) patients required more
than one surgical procedure: five patients had TTTS; 11 patients
had CDH; 6 other patients had other pathologies that were not
described in this article. In patients with CDH, the second proce-
dure involves balloon removal through fetoscopy at approximately

34 weeks of gestation. Table 2 presents these data in detail.
Maternal complications

Concerning maternal complications, four (8%) patients had anesthetic

complications, three (6%) had post-spinal anesthesia headaches, and

Table 2. Fetal surgical variables

Surgery variables ('\'II' (::Io)
Anesthesia - no. (%)
Local anesthesia or sedation 21 (42)
General anesthesia 11(22)
Spinal anesthesia 30 (60)
Antibiotic prophylaxis - no. (%) 41 (82)
Tocolytics - no. (%) 36 (72)
Atosiban 24 (48)
Nifedipine 9(18)
Indomethacin 7(14)

Mean gestational age (weeks) 25 (16to 32)
Surgery time 80
(minutes) (30 to 203)
More than one procedure - no. (%) 21 (42)

one (2%) had decreased oxygen saturation and required macroneb-
ulization, which quickly improved their clinical condition. Six (12%)
patients had infectious complications or sepsis: two (4%) were due to
urinary tract infection treated with antibiotics, two (4%) were diag-
nosed with appendicitis, and two (4%) with chorioamnionitis. Three
(6%) patients required blood transfusions and three (6%) had other
complications, such as migraine, hypotension, and chest pain. Table 3

lists the maternal variables according to pathology.

Antepartum complications

Complications before delivery were classified into intraoperative
and postoperative categories based on timing. Among 11 patients
(22%), intraoperative issues were noted, with bleeding being the
most common (12%), followed by procedure failure (6%), pla-
cental abruption (2%), and amniotic detachment (2%). Notably,
no intraoperative complications occurred in the TTTS group,
while the FETO group experienced one case (8%) of placental
abruption on the day of balloon removal, while at MMC group,

TTTS CDH MMC
(N=18) (N=12) (N=9)
9 (50) 6 (50) =
1(6) = 9 (100)
14 (78) 12 (100) =
15 (83) 11(92) 9(100)
14 (78) 9 (75) 9 (100)
12 (67) 5(42) 3(33)
5(28) 4(33) =
= = 7(78)
21 (17 to 25) 28 (23 to 30) 27 (25to0 28)
63 66 148
(40 to 120) (30to 130) (110 to 203)
5(28) 11(92)]

TTTS: twin-twin transfusion syndrome; CHD: congenital diaphragmatic hernia; MMC: myelomeningocele

Table 3. Maternal complications due to fetal surgery

c s Total
Maternal Complications (N =50)
Anesthetic - no. (%) 4 (8)
Post-spinal anesthesia headaches 3(6)
Decreased oxygen saturation needing 1(2)
macronebulization
Infectious/sepsis - no. (%) 6(12)
Urinary tract infection treated with antibiotics 2(4)
Appendicitis 2(4)
Chorioamnionitis 2(4)
Required blood transfusion - no. (%) 3(6)
Others - no. (%) 3(6)

thypotension, *chest pain and * migraine

TTTS CDH MMC
(N=18) (N=12) (N=9)
2(11) = 1(11)

2(11) = =
- - 1(11)
3(17) - 3(33)

2(11) - -
1(6) - 1(11)
- 2(22)
2(11) = 1(11)
- 2%(17) 1°(11)

TTTS: twin-twin transfusion syndrome; CHD: congenital diaphragmatic hernia; MMC: myelomeningocele



four cases (45%) of intraoperative bleeding and one case (11%)
of amniotic detachment. Postoperative complications were prev-
alent, affecting 36 patients (72%), with the most frequent being
PPROM (40%), followed by preterm labor (26%), intrauterine
death (14%), and chorioamnionitis (6%). Antepartum complica-
tions varied across groups: the TTTS group had 15 cases (83%),
including PPROM (17%), preterm labor (28%), and intrauter-
ine complications (27%); the CDH group experienced 8 cases
(67%), primarily PPROM (33%) and preterm labor (17%); and
the MMC group saw 8 cases (89%) of antepartum complications,
predominantly PPROM (89%). Additionally, chorioamnionitis
affected 22% of MMC patients, while preterm labor and appen-
dicitis each occurred in 11% of cases. Table 4 describes the com-

plications according to the frequency of each pathology.

Childbirth-related variables

The study encompassed neonatal data across various conditions.
On average, gestational age at delivery was 33 weeks, with a range
of 25 to 40 weeks, resulting in 83% live births. Most newborns were
admitted to the NICU, with 50% requiring resuscitation at the
delivery room. Antenatal corticosteroids were administered to 76%
of pregnant women. Respirator use was necessary for 48% of new-
borns, and surfactants were required in 19% cases. Additionally,
24% of newborns needed additional oxygen support after 28 days

of life. Notably, mortality was observed in 26% of cases. Patients

Table 4. Antepartum complications due to fetal surgery

with TTTS had a mean gestational age at delivery of 31 weeks, with
96% live births. Among CDH patients, the mean gestational age at
delivery was 37 weeks, with all infants admitted to the NICU and
experiencing respiratory issues. Finally, patients with MMC had a
mean gestational age at delivery of 33 weeks, with 100% live births
and relatively lower mortality rates. Table 5 describes the baseline
characteristics of the study population, while Table 6 summarizes

the outcomes of the individual characteristics of each pathology.
DISCUSSION

MMC

The results of the Management of Myelomeningocele Study
(MOMS), a randomized controlled trial, seem to have changed
the timing of open spina bifida repair from the postnatal to the
prenatal period. The trial was interrupted due to better efficacy
in patients who underwent prenatal repair than in those who
underwent postnatal repair.>* However, because of the open
nature of this fetal surgery, these favorable outcomes occur at the
expense of increased risks of uterine dehiscence and rupture, as
well as other morbidities in mothers.®> As open fetal surgery by
hysterotomy is an invasive procedure, fetoscopic surgical tech-
niques aim to minimize surgical trauma.'* Meanwhile, following
significant technical improvements and a steep learning curve for

the surgical teams, fetoscopic fetal surgery is considered on par

Antepartum Complications Total TTTS CDH MMC
(N =50) (N=18) (N=12) (N=9)
Intraoperative complications - no. (%) 11(22) - 1(8) 5(56)

Bleeding 6(12) - - 4 (45)

Amniotic detachment 1(2) - - 1(11)

Placental abruption 1(2) - 1(8) -

Intraoperative fetal death - - - -

Failure to perform the procedure 3(6) - - -

Antepartum complications - no. (%)

Yes 36 (72) 15(83) 8(67) 8(89)
Preterm PROM 20 (40) 3(17) 4(33) 8(89)
Chorioamnionitis 3(6) - - 2(22)
Preterm labor 13 (26) 5(28) 2(17) 1011)
Intrauterine death 10/70'(14) 10/37%(27) - -
Others* 7 (14) 3(17) 2(17) 1(11)

Mean GA at PROM preterm (weeks) 31 (18t0 37) 30 (27 to 32) 35(30to 37) 29 (26 to 36)
Mean GA at Chorioamnionitis (weeks) 32 (18to0 32) - - 32 (32t0 32)
Mean GA at Preterm labor (weeks) 30 (22 to 36) 29 (22 to 36) 34 (33to 35) 32(32t0 32)
Mean GA at Intrauterine death (weeks) 22 (18 to 26) 22 (18 to 26) - -
Mean GA at Others* (weeks) 30 (23 to 35) 28 (23to 31) 35 (35to 35) -

" Fetal distress (4), appendicitis (2), and fetal anemia (1).

"The number corresponds to the total number of fetuses, which is 70.
*The number corresponds to the total number of fetuses, which is 37.
GA: gestational age; TTTS: twin-twin transfusion syndrome; CHD: congenital diaphragmatic hernia; MMC: myelomeningocele; Preterm PROM: preterm
premature rupture of ovular membranes



Table 5. Childbirth-related variables

A . Total
Childbirth-related variables (N=70)
Mean GA at delivery (weeks) 33 (25 to 40)
Born alive - no. (%) 58 (83)

. . 2,045
Mean birth weight (grams) (500 to 3790)
Mortality 15 (26)
NICU discharge 40 (69)
ICU discharge without sequela no. (%) 13(23)

Number of days in the NICU
Number of hospitalization
out of NICU (days)

61 (5 to 509)

88 (210 343)

TTTS: twin-twin transfusion syndrome; CHD: congenital diaphragmatic hernia; MMC: myelomeningocele; GA: gestational age; NICU: neonatal intensive care unit

Table 6. Disease-specific variables

Disease-specific variables Results

Twin-twin Transfusion Syndrome
Weight discordance before surgery (%) 28 (SD+13)
Quintero Stage - no. (%)
Stage | 2(11)
Stage Il 14 (78)
Stage lll 2(11)
Stage IV
Weight discordance after surgery (%) 27 (SD+17)
Marginal or velamentous cord insertion - no. 4(22)
(%)
Number of anastomoses endoscopically 9(SD+£3)
detected (mean)

Congenital Diaphragmatic Hernia
Laterality - no. (%)
Right 1(8)
Left 11(92)
Liver Herniation - no. (%) 7 (58)
Lung-head ratio before surgery 0.88 (SD£0.13)
Mean GA at balloon removal (weeks) 34 (33to0 32)
Need for ECMO - no. (%) 2(17)
Fetoscopic balloon removal failure needing 2(17)
ultrasound-guided punctures to removal -
no. (%)

Myelomeningocele - no. (%)
Type 2 Arnold Chiari syndrome 6 (67)
Intact suture at birth 6 (67)
Foot deformity 2(22)
Tetraventricular dilatation 4 (45)

GA: gestational age; ECMO: extracorporeal membrane oxygenation

with open techniques by some researchers, although controlled
head-to-head comparisons remain lacking.>*"?

There are few maternal complications related to fetoscopic surgeries
for myelomeningocele correction, justifying the continued investment
in studies focusing on this technique, which is expected to be dissem-
inated more widely. Regarding maternal complications in our study,

two (22%) patients were diagnosed with chorioamnionitis who were

TTTS CDH MMC
(N=27) (N=12) (N=9)

31 (25 to 40) 37 (33t0 39) 33 (2810 37)
26 (96) 12 (100) 9(100)
1,536 2,560 1,976
(500 to 2830) (1700 to 3180) (1130 to 3130)

4(15) 7 (58) -
20 (74) 5(42) 9(100)
9(33) 2(17) 1(11)

37 (14 to 509) 45 (29 to 64) 37(5t0 110)

3(2t03) 343 (343 t0 343) -

treated with intravenous antibiotics, and one patient (11%) required
blood transfusion during pregnancy, which was not directly related
to surgery but rather to the context of appendicitis during pregnancy.
In a study intended only to assess maternal complications pub-
lished by Kohl et al.” there was no need for maternal blood trans-
fusion, placental abruption, or spontaneous postoperative uterine
contractions at immediate perioperative period; however, they
described pulmonary edema in one (1.9%) patient. Nonetheless,
the incidence of acute pulmonary edema described in MOMS is 6%
%, indicating a lower risk of this complication with fetoscopic sur-
gery. There were no cases of acute pulmonary edema in our study;
however, this could have been due to the low number of cases.
Kohl et al.” also described the use of tocolysis for 24 h after the
procedure: in two (4%) cases of chorioamniotic detachment after the
procedure and in four (7.8%) patients who developed chorioamnio-
nitis.? In our study; all patients also underwent tocolysis for a short
time, and we had one (11%) case of chorioamniotic detachment.
Despite the use of tocolysis, premature births remain problem-
atic. Mean gestational age at delivery in our study was 33 weeks,
with PPROM occurring in eight (89%) patients, which was the
same gestational age described by Diehl et al." in an observational
study with data from 72 patients, and the same as described by Lapa
et al.’ Lapa et al.’ described the rate of PPROM as 80%, like ours.
However, in a study published in 2021, which analyzed 170 preg-
nant women in eight reference centers worldwide, mean gestational
age at delivery was 34.5 weeks with a PPROM rate of 67%, which
decreased to 38% after modifying the technique used during the
study with CO, humidification during fetoscopy.'> Furthermore,
three neonatal deaths related to prematurity were also reported
12, whereas in our study, there were no neonatal or intrauterine

deaths related to intrauterine treatment for MMC.

CDH
Prenatally diagnosed CDH is associated with a high postnatal

mortality rate owing to the coexistence of other major defects or



various combinations of pulmonary hypoplasia and persistent
pulmonary hypertension.** Several observational studies have
shown that FETO is associated with increased survival among chil-
dren with severe pulmonary hypoplasia due to isolated left CDH;
however, randomized clinical trials have not yet been published.*
The TOTAL trial was the first randomized to assess FETO, as this
study was terminated early because of identification of benefits of
surgery versus expectant management. From 80 patients analyzed,
40 underwent FETO and 40 maintained expectant management.*

At surgery group, median gestational age at randomization in
the TOTAL trial was 27.7 weeks, and 36 (90%) patients had intra-
thoracic liver herniation.*® In our study, mean gestational age on
the day of surgery was 28 weeks, and seven (58%) patients had
intrathoracic liver herniation.

Regarding complications described at TOTAL trial related to
fetal surgeries, 19 (48%) newborns were diagnosed with PPROM
with a median gestational age of 32.5 weeks, one (2%) patient was
diagnosed with placental abruption, one (2%) with bleeding when
introducing trocater for fetoscopy, and eight (22%) with chorioam-
niotic detachments.*® In our study, four (33%) patients were diag-
nosed with PPROM, which occurred with a mean gestational age of
35 weeks. There were no cases of bleeding related to introduction of
trocaters during fetoscopy or diagnoses of chorioamniotic detach-
ment after fetoscopy, but one (8%) patient was diagnosed with pla-
cental abruption after fetoscopy was employed to attempt to remove
the balloon. In this case, fetoscopy to remove the balloon was unsuc-
cessful, and it was necessary to puncture the balloon guided by ultra-
sound after birth. We observed one (8%) case in which fetoscopy to
remove the balloon was unsuccessful, and patient developed pre-
mature labor and fetal distress after having undergone a cesarean
section, which showed the presence of a hemoamnion. In this case,
balloon was removed postnatally using ultrasound-guided puncture
without complications. At TOTAL trial, there was one (2%) death
due to failure to remove the balloon in a patient who did not fol-
low the recommendations and moved to a place far from the trial
reference centers.*® No fetal deaths were related to balloon removal.

Mean gestational age at delivery in our population was 37 weeks,
and all fetuses who underwent the procedure were born alive, with
a mean birth weight of 2,560 g. Two (17%) required extracorporeal
membrane oxygenation and five (42%) were discharged from the
NICU. At TOTAL trial, mean gestational age at delivery was 34.6
weeks, all fetuses who underwent the procedure were born alive,
mean birth weight was 2,300 g, and two (5%) required extracor-
poreal membrane oxygenation. Thirty (75%) patients at TOTAL
trial gave birth before 37 weeks, whereas in our study, only two
(17%) patients had preterm labor.

Regarding neonatal complications, at TOTAL trial, 12 (75%)
newborns were diagnosed with BPD, 1 (6%) had leukomalacia, and

10 (62%) sepsis.® In our study, two (17%) infants were diagnosed

with BPD, although we had seven (58%) newborns who needed
oxygen after 28 days of life, which suggests that there may have
been underdiagnosed in this classification. We did not diagnose leu-
komalacia in our study, and nine (75%) newborns were diagnosed
with neonatal infection. We also obtained two (17%) diagnoses of
intracranial hemorrhage and did not have any cases of ROP or NEC.

A multicenter study evaluated 210 pregnancies with CDH
treated with FETO performed at a median gestational age of 27.1
weeks, with a median duration of 10 min. PPROM occurred in
47.1% of the patients, and delivery occurred at a median gestational
age of 35.3 weeks. In 97.1% of the cases, newborns were live born,

and 48% were discharged from the hospital alive.”

TTTS

The first randomized trial conducted to evaluate TTTS’ treat-
ment with endoscopic laser surgery compared to serial amnio-
reduction’s treatment was published in 2004 by the Eurofoetus
group. The study was terminated early after demonstrating the
benefit of the group that underwent laser coagulation of placen-
tal anastomoses. In total, 72 patients were included in the laser
group. According to Quintero’s classification, there were six (8%)
patients with stage I, 31 (43%) with stage II, 34 (47%) with stage
II1, and one (1%) with stage IV.* In our study, two (11%) patients
were at Quintero stage I, 14 (78%) in stage II, and two in stage III
(11%). None of the patients were in stage I'V.

At Eurofoetus study, mean gestational age at delivery at laser
group was 33.3 weeks, with a mean birth weight of 1,757 g.*!
Compared to our study, mean gestational age at delivery was 31
weeks, with a mean birth weight of 1,536 g, which were similar to the
results published by Gheorghe et al.”2, Malshe et al.**, and Habli et al.**

Regarding complications, at Eurofoetus study, 10 (15%) patients
were diagnosed with PPROM within 28 days of the procedure and
16 (12%) fetuses were diagnosed with intrauterine death within
7 days of the procedure; in 76% of patients, at least one fetus sur-
vived.?! Malshe et al.** described PPROM in 32 (15.8%) cases and
fetuses were born alive in 78.3% of cases. Complications in our
study were observed in three (17%) patients with PPROM, and
there were 10 (27%) intrauterine deaths during pregnancy, which
is consistent with the results of the studies cited above.*"** We also
had three (17%) patients who experienced other complications,
including one case of fetal distress, one case of fetal anemia, as well
as a pregnant woman with appendicitis a few weeks after fetoscopy.

Neonatal complications were also described by Eurofoetus
group: a total of 12 (8%) newborns died during the neonatal period,
intraventricular hemorrhage grade III or IV was noted in two
(1%) newborns, and leukomalacia in eight (6%) newborns®'. In
our group, four (15%) newborns were diagnosed with intracranial
hemorrhage, but we included mild cases, not just the most severe

ones; 20 (74%) newborns were discharged from NICU, with four



(15%) deaths registered at neonatal period. Records of patients
with leukomalacia were not available. NEC was noted in our study
in four (15%) cases, which was a much higher incidence than that
described by Gheorghe et al.** (1.8%). Malshe et al.** described 12
(18.5%) cases of placental abruption and four (6.2%) cases of cho-
rioamnionitis®. We did not observe chorioamnionitis or placental
abruption in pregnancies subjected to laser treatment for TTTS.

At Eurofoetus study, no pregnant woman died or required
blood transfusion or hospitalization in the maternal ICU.*! No
deaths were observed in our study; however, three (17%) patients
had infectious complications not directly related to fetoscopy, two
(11%) had urinary tract infections, and one (6%) had abdominal
sepsis due to appendicitis.

A retrospective study published by Habli et al.** evaluated 152
pregnant women who underwent laser fetoscopy to treat TTTS and
the incidence of postoperative complications; 147 (97%) patients in
this study underwent procedure using epidural anesthesia, while
the most used anesthesia was spinal in 14 (78%). In the same study,
it was impossible to complete the procedure in five patients: two
cases due to peritoneal leaks and three cases due to intraamniotic
bleeding from trocar introduction or laceration of the chorion plate

by the laser.** No complications were observed in our surgeries.

CONCLUSION

Our study assessed fetal surgeries performed at two reference
centers for fetal medicine in Rio de Janeiro, Brazil. Fetal surgeries
in Brazil play an important role, mainly because there is no pos-
sibility of pregnancy termination due to abortion.

Our study has some limitations, such as its retrospective
descriptive nature based on data from medical records and the
small sample size when considering the time evaluated. Analysis of
less common diseases, combined with a small sample size selected
for convenience through patients referred directly to the two refer-
ence centers, suggests that there is a possible selection bias, which
means that our results cannot be extrapolated to other populations.

Therefore, intrauterine surgery may improve the prognosis of
these fetuses; however, we cannot ignore the fact that intrauter-
ine fetal surgeries, even minimally invasive surgeries, can result
in complications in pregnant women and are associated with a
higher risk of prematurity. Nonetheless, based on our findings,
we conclude that intrauterine fetal surgeries are safe for pregnant
women, with low morbidity, perinatal mortality, and prematurity
rates, comparable to those previously reported. Premature birth

remains a major problem associated with fetal surgery.
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ABSTRACT
BACKGROUND: Smoking and unhealthy diet are important risk factors for cardiovascular and metabolic
diseases, contributing to public health crises.
OBJECTIVE: To evaluate the consumption of natural/minimally processed and ultra-processed foods by
Brazilian adults (18-59 years old) according to smoking status.
DESIGN AND SETTING: Cross-sectional study of a representative population sample from 26 state capitals
and the Federal District (Brazil-2018).
METHODS: Data were obtained from Vigitel—Surveillance System for Risk and Protection Factors for
Chronic Diseases by Telephone Survey. Participants were categorized as smokers, ex-smokers, and never
smokers. Multinomial logistic regression was used for analyses.
RESULTS: Of the 30,800 adults evaluated, 9.4% (95%Cl: 8.7-10.2) were smokers and 16.5% (95%Cl: 15.8-
17.3) were ex-smokers. Smokers were less likely to consume fruit and natural juice, and more likely to
consume soda or artificial juice (= 5 days/week) than ex-smokers and never smokers. Regarding the daily
frequency of consumption, smokers were observed to be less likely to eat fruit more than 1 time/day and
more likely to drink = 3 cups/cans of soda/day. Compared to never smokers, smokers had a 42% higher
chance of consuming 2 3 glasses of natural juice/day. On the day before the interview, fruit, milk, tubers,
squash, and okra consumption were lower among smokers than non-smokers. Smokers were more likely
to report consuming soft drinks, fruit juice, sauces, ready-made dishes, margarine, and sausages.
CONCLUSION: Smokers had lower fruit consumption, and higher consumption of natural juices and ul-
tra-processed foods. We highlight the need for strategies that encourage healthy eating and smoking
cessation.

INTRODUCTION

Smoking is responsible for the deaths of more than eight million people annually worldwide as
a result of both the direct consumption of tobacco and exposure to passive smoking. More than
80% of the 1.3 billion smokers live in countries with less economic development.! Regarding
noncommunicable chronic diseases (NCDs), in the Americas, 16% of the deaths due to cardio-
vascular disease, 25% due to cancer, and 52% due to chronic respiratory diseases are attributed
to tobacco use disorder.” In Brazil, 28% (n = 156,337) of premature deaths in 2015 were caused
by smoking, with an estimated total cost of R$ 56.9 billion in terms of health care and loss of
productivity.?

Another important modifiable risk factor that increases the probability of developing NCDs
is unhealthy eating*—a habit often adopted by smokers. Indeed, a study that estimated the com-
bination of risk factors based on data from the 2015 Surveillance System for Risk and Protection
Factors for Chronic Diseases by Telephone Survey (Vigitel) reported a greater likelihood among
smokers of having an inadequate diet.> The co-occurrence of smoking and an unhealthy diet was
found in 8.6% of the adult population (18-59 years of age) residing in Brazilian state capitals
and the Federal District, and 10.8% of men.® In Brazil, an inadequate diet remained at the top of
the list of 17 main risk factors for the global burden of disease in both sexes between 1990 and
2015, whereas smoking dropped from the second to the fourth position among men and from

the fourth to the fifth position among women.’
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In the adult population (= 18 years) of Belo Horizonte, the
capital of the state of Minas Gerais, Gomes et al.® found that the
prevalence of inadequate eating habits was higher among smokers
and was characterized by more frequent consumption of soda, red
meat, and meat with excess fat as well as a lower consumption of
fruits and vegetables. Analyzing data from three dietary records of
adults (18-70 years old) from Minnesota, USA, Raatz et al.’ found
alower intake of energy, polyunsaturated fatty acids, dietary fiber,
and micronutrients, such as calcium, iron, potassium, folate, and
vitamins A, C, and E, among smokers than non-smokers. Another
study found that the dietary quality scores for five of the eight indi-
ces selected were significantly diminished with smoking.'® Studies
have also shown that smokers have an altered sense of taste, with
less sensitivity to bitter, sour, and salty flavors.'"!?

In a study of 358,218 American adults (> 18 years of age),
Adams et al.” quantified the population-attributable risk for nine
chronic diseases. Among the risk factors with confirmed causality,
smoking and obesity contributed to the occurrence of five to six
diseases, whereas low fruit and vegetable consumption contrib-
uted to the occurrence of two. The authors also confirmed their
hypothesis of a dose-response gradient between each outcome
and the increase in the number of risk factors, demonstrating the
additive effect of separate risk factors. Furthermore, a case-control
study (2010-2015) by Fliss-Isakov et al.'* showed an association of
high ultra-processed food intake (= 44.8% of total kcal) with cases
of colorectal adenomas in smokers, mainly advanced (Odds ratio
[OR] = 4.76) and proximal (OR = 6.23), and a significant interac-

tion between smoking and high intake of these foods.

OBJECTIVES

This study aimed to investigate the consumption of ultra-pro-
cessed foods, and natural and minimally processed foods in
Brazilian adults aged 18-59 years according to their smoking sta-
tus (current smoker, ex-smoker, and never smoker). This study
innovates by using questions incorporated into Vigitel in 2018,
which assesses food consumption according to the NOVA clas-
sification presented in the 2014 Food Guide for the Brazilian

Population.

METHODS

Study design and population
A cross-sectional study was conducted using data from the
Surveillance System for Risk and Protection Factors for Chronic
Diseases by Telephone Survey (Vigitel, in Portuguese), admin-
istered to the adult population (= 18 years of age) residing in 26
state capitals and the Federal District of Brazil in 2018.

The sampling procedures for the Vigitel survey sought to obtain

probabilistic samples of the adult population based on records

of residential telephone lines (landlines) in the state capitals and
Federal District that were made available annually by the main
residential telephone operators in the country. In the first stage, at
least 5000 telephone lines were randomly selected from each city.
This selection was systematic and stratified by the postal code.
The selected lines were then divided into replicates of 200 lines
each for the identification of active residential lines (eligible for
the system). After confirming the eligibility of the line, the second
sampling step was the selection of one of the adults (= 18 years of

age) residing in the selected home."

Measures

In 2018, the Vigitel survey identified 73,648 eligible lines for the
26 capital cities and the Federal District, and conducted 52,395
interviews. Post-stratification weights were assigned to each inter-
viewee to obtain reliable estimates of the adult population having
a residential telephone line in each city. The weights equated the
sociodemographic distribution of the Vigitel sample to the distri-
bution estimated for the total adult population of the same city,
considering the following variables: sex (female, male), age group
(18-24, 25-34, 35-44, 45-54, 55-64, and = 65 years) and school-
ing (without instruction/incomplete primary school, complete pri-
mary/incomplete high school, complete high school/incomplete
higher education and complete higher education).”

In the present study, the questions “Do you currently smoke?”
and “Did you ever smoke in the past?” were used to compose
the dependent variable, with individuals categorized as smokers,
ex-smokers, and non-smoker (never smoked).

The sociodemographic variables of interest were sex, age group
(18 to 29, 30 to 39 and 40 to 59 years of age), schooling (0 to 8, 9
to 11 and 12 or more years of study), skin color/ethnicity (White,
Black or Brown), marital status (with or without a spouse), pos-
session of a private health insurance plan (yes or no), and region
of residence (Central West, Northeast, North, Southeast, South).
Individuals of yellow skin color and indigenous individuals were
excluded from the study on consideration of the absolute number
of respondents in the smoker category (n = 49), which impeded
the acquiring of estimates with acceptable precision.

Food consumption was evaluated through questions on the
weekly frequency of consumption of raw and cooked vegetables,
natural fruit juices and fruits, and soda or artificial juice, which
were classified as 0 to 2, 3 to 4 or = 5 days (regular consumption)
per week. Questions were also posed on the daily frequency of con-
sumption of raw and cooked vegetables (once or twice per day),
natural juice (1, 2 or = 3 glasses), fruits (1, 2 or > 3 times) and soda/
artificial juice (1, 2 or > 3 glasses/cans per day).

The NOVA classification of foods was used to categorize foods
and beverages consumed the day prior to the interview (yes or no)

according to their degree of processing:'®



« Natural or minimally processed foods: vegetables, fruits, meats,
eggs, grains, tubers, legumes, nuts, and milk;

o Ultra-processed foods: soda, fruit drinks (juice in a box or
can and powdered soft drinks), sweetened milk-based drinks,
sweets, chips/crisps/crackers, sauces, ready-to-eat/semi-ready-
to-eat products, margarine, processed meats, sandwich bread,

hotdog/hamburger buns.

Statistical analysis

The distribution of smokers, ex-smokers, and non-smokers was
determined according to sociodemographic characteristics, fol-
lowed by an estimation of the proportion of food intake according
to smoking status. Differences between groups were determined
using Pearson’s chi-squared test with the second-order (Rao and
Scott) correction, and by odds ratios (OR) adjusted for age, sex,
schooling, region of residence, and alcohol abuse or binge drink-
ing (= 5 drinks for men, > 4 drinks for women, on a single occa-
sion, at least once in the last 30 days). Alcohol abuse was selected
as an adjustment variable owing to the high prevalence observed
among smokers (43.5%; 95%CI: 39.3-47.8) and former smokers
(24.0%; 95%CI: 21, 8-26.3). Multinomial logistic regression was
used to estimate the ORs for food intake among smokers com-
pared to non-smokers and ex-smokers. Associations were deter-
mined using Wald’s test, with a value of P < 0.05. Analyses were
conducted using the survey module of Stata 15.1 (StataCorp
LLC, College Station, Texas, United States), which considers the
complex sampling of the study.

All participants received clarifications regarding the study
objectives at the time of telephone contact. Written informed con-
sent was replaced with verbal informed consent. This study was
approved by the National Human Research Ethics Committee of
the Health Ministry (report n. 355,590, 06/26/2013).

RESULTS

Data from 30,800 individuals aged 18-59 years were analyzed.
The mean age was 36.7 years (95%CI: 36.5-36.9). The prevalence
of smokers was 9.4% (95%CI: 8.7-10.2) in the total population,
12.4% among men and 6.7% among women. The prevalence of
ex-smokers was 16.5% (95%CI: 15.8-17.3) and was higher among
men than women (19.1% vs. 14.2%, respectively).

Most smokers were men aged between 40 and 59 years, with
less than 12 years of schooling, without a spouse, without a private
health insurance plan, and resided in the southeastern region of
the country (P < 0.0001). Similar results were found for ex-smok-
ers, except that the majority had a spouse (Table 1).

Regarding the weekly frequency of consumption (number of
days in the week), compared to non-smokers, smokers were less
likely to regularly consume (five or more days/week) natural fruit

juice and fruits, and more likely to consume soda or artificial

juice. The same pattern was observed in smokers compared to
ex-smokers (Table 2).

In the analyses about the daily (number of times a day) fre-
quency of consumption, the smokers were less likely to consume
fruits more than once per day and more likely to ingest three or
more glasses/cans of soda per day than non-smokers and ex-smok-
ers. Paradoxically, smokers were 42% more likely than non-smok-
ers to consume three or more glasses of natural fruit juice per day
(Table 3).

Regarding natural and minimally processed foods, smokers
were less likely to have consumed fruits and milk on the day prior
to the interview compared to non-smokers and ex-smokers, and
less likely to have consumed tubers and vegetables, such as pump-
kin and okra, compared to non-smokers (Table 4). Regarding
ultra-processed foods consumed the day prior to the interview,
smokers were more likely to have consumed soda, fruit drinks,
sauces, ready—to—eat, or semi—ready—to—eat products, margarine,

and processed meats than ex-smokers and non-smokers (Table 5).

DISCUSSION
The results of the present study enabled identification of the
dietary habits of smokers in comparison to those of ex-smokers
and individuals who have never smoked. Smoking and a dietary
pattern marked by high consumption of ultra-processed foods
are among the modifiable risk factors that have an evident impact
on health outcomes. Smokers had lower fruit intake and greater
consumption of soda or artificial juice in both the weekly and
daily frequency analysis. Daily consumption of three or more
glasses of natural juice was higher among smokers than among
non-smokers. On the day prior to the interview, smokers showed
lower consumption of fruits, milk, and tubers, as well as greater
consumption of ultra-processed foods such as soda, fruit drinks,
sauces, ready-to-eat products, margarine, and processed meats.
The prevalence of smokers and ex-smokers in the population
aged between 18 and 59 years residing in the Brazilian state cap-
itals and Federal District was 9.4% and 16.5%, respectively. Data
from the Vigitel survey on the trend of smoking indicators in adults
(18 years of age or older) reveal a reduction in the prevalence of
smokers (from 15.6% to 10.8%) and ex-smokers (22.2% to 21.2%)
from 2006 to 2014."” According to the National Health Survey
(Pesquisa Nacional de Satide - PNS), the prevalence of all tobacco
use indicators diminished between 2013 and 2019, and the prev-
alence of ex-smokers increased from 17.5% to 26.6% (prevalence
ratio: 1.52; 95%CI: 1.46-1.58)." Brazil is recognized for combat-
ing tobacco use. In 2005, with the issuance of the guidelines of the
World Health Organization Framework Convention on Tobacco
Control, which consolidated the National Tobacco Control Policy,
Brazil successfully implemented anti-smoking measures, such as

the prohibition of advertising for tobacco products, an increase in



Table 1. Sociodemographic characteristics of adults residing in Brazilian state capitals and the Federal District according to smoking

status. Vigitel, Brazil, 2018
Variable

Sex
Male
Female
Age group (in years)
18to 29
30to 39
40to 59
Schooling (years of study)
0to8
9to 11
12 or more
Ethnicity/skin color
White
Black
Brown
Marital status
Without spouse
With spouse

Health insurance

No
Yes
Region of residence
Central West
Northeast
North
Southeast
South

Never smoked

43.54 (42.29-44.80)
56.46 (55.20-57.71)

35.40 (34.17-36.65)
27.82 (26.67-29.00)
36.78 (35.67-37.91)

17.63 (16.62-18.68)
43.26 (42.05-44.48)
39.11 (37.91-40.33)

43.28 (42.00-44.56)
12.22 (11.35-13.16)
44.50 (43.25-45.75)

56.72 (55.49-57.93)
43.28 (42.07-44.51)

51.65 (50.41-52.89)
48.35 (47.11-49.59)

12.36 (11.79-12.95
27.63 (26.75-28.53
11.09 (10.59-11.61
41.82 (40.46-43.18
7.10 (6.68-7.55)

)
)
)
)

% (95% Cl)
Ex-smoker

54.45 (51.86-57.00)
45.55 (43.00-48.14)

19.32(17.27-21.55)
22.77 (20.53-25.18)
57.91 (55.27-60.50)

37.43 (34.85-40.07)
37.21 (34.80-39.69)
25.36 (23.26-27.59)

43.85 (41.19-46.54)
9.94 (8.45-11.66)
46.21 (43.54-48.90)

43.63 (41.10-46.20)
56.37 (53.80-58.90)

60.72 (58.19-63.20)
39.28 (36.80-41.81)

11.26 (10.13-12.51)
23.69 (22.00-25.47)
12.23 (10.96-13.62)
43.68 (40.93-46.46)
9.14 (8.17-10.2)

Smoker

62.03 (57.99-65.90)
37.97 (34.10-42.01)

25.49 (21.73-29.65)
26.55(22.50-31.03)
47.96 (43.77-52.18)

39.36 (35.25-43.62)
38.72 (34.53-43.08)
21.92 (18.95-25.22)

44.61 (40.56-48.74)
12.15(9.59-15.28)
43.24 (39.12-47.45)

59.99 (55.86-63.97)
40.01 (36.03-44.14)

67.69 (63.79-71.36)
32.31(28.64-36.21)

11.28 (9.69-13.09)
16.56 (14.47-18.88)
7.48 (6.17-9.04)
53.79 (49.72-57.82)
10.90 (9.31-12.72)

P value*

<0.0001

<0.0001

<0.0001

0.2596

<0.0001

<0.0001

<0.0001

* P value from Pearson’s chi-square test (Rao-Scott). Cl = confidence interval.

Table 2. Weekly frequency and odds ratios of food intake in adults residing in Brazilian state capitals and the Federal District according to
smoking status. Vigitel, Brazil, 2018

Weekly food frequency Never smoked (0) Ex-smoker (1)  Smoker (2) OR?(2/1) p® OR? (2/0) p®
Raw vegetables P =0.1644¢

< 5times 60.81 60.75 64.87 1 1

=5 times 39.19 39.25 35.13 0.87 0.254 1.02 0.848
Cooked vegetables P =0.0001¢

< 5times 73.88 77.63 80.18 1 1

=5 times 26.12 22.37 19.82 0.93 0.520 0.87 0.210
Natural juice P <0.0001¢

< 5 times 70.08 74.60 78.79 1 1

=5 times 29.92 25.40 21.21 0.80 0.046 0.69 <0.001
Fruits P <0.0001¢

< 5times 52.70 52.18 71.06 1 1

=5 times 47.30 47.82 28.94 0.49 <0.001 0.51 <0.001
Soda/artificial juice P <0.0001°¢

< 3times 73.14 73.08 57.27 1 1

2 3 times 26.86 26.92 42.73 1.72 <0.001 1.90 <0.001

2 Odds ratio (OR) controlled for age, sex, schooling, region of residence, and alcohol abuse; ® P value from Wald's test; ¢ P value from Pearson’s chi-square test
(Rao-Scott).



Table 3. Frequency and odds ratios of daily food intake in adults residing in Brazilian state capitals and the Federal District according to
smoking status. Vigitel, Brazil, 2018

Daily food intake Never smoked (0) Ex-smoker (1) Smoker (2) OR?(2/1) Pt OR?(2/0) Pt
Raw vegetables P =0.7487¢

1 time 72.67 73.80 72.93 1 1

2 times 27.33 26.20 27.07 1.05 0.659 1.02 0.854
Cooked vegetables P =0.7826°

1 time 67.10 66.02 66.37 1 1

2 times 32.90 33.98 33.63 0.96 0.754 1.04 0.720
Natural juice P =0.0087¢

1 glass 42.97 40.97 35.28 1 1

2 glasses 35.47 35.29 36.26 1.10 0.481 1.18 0.174

>3 glasses 21.56 23.74 28.47 1.21 0.252 1.42 0.028
Fruits P =0.0001¢

1 47.65 49.63 57.52 1 1

2 35.04 31.56 27.46 0.77 0.043 0.67 0.001

>3 times 17.31 18.81 15.03 0.72 0.031 0.70 0.012
Soda/artificial juice P <0.0001°¢

1 glass/can 42.13 38.64 30.59 1 1

2 glasses/cans 37.20 35.37 33.30 1.12 0.438 1.13 0.355

>3 glasses/cans 20.67 25.99 36.10 1.46 0.022 2.00 <0.001

2 Odds ratio (OR) controlled for age, sex, schooling, region of residence, and alcohol abuse; ® P value from Wald's test. ¢ P value from Pearson’s chi-square test
(Rao-Scott).

Table 4. Frequency and odds ratios of consumption of natural/minimally processed foods on the day prior to the interview among adults
residing in Brazilian state capitals and the Federal District according to smoking status. Vigitel, Brazil, 2018

Food groups Never Ex-smoker
Natural or minimally processed foods smoked (0) (1) Smoker (2)  OR*(2/1) P OF® (2/0) i
Vegetables P =0.0562¢

No 21.10 22.72 25.13 1 1

Yes 78.90 77.28 74.87 0.92 0.491 0.94 0.583
Fruits P <0.0001¢

No 21.94 23.74 37.68 1 1

Yes 78.06 76.26 62.32 0.57 <0.001 0.53 <0.001
Milk P =0.0001¢

No 43.68 43.82 52.56 1 1

Yes 56.32 56.18 47.44 0.77 0.011 0.77 0.006
Legumes P =0.9330¢

No 26.87 26.49 26.38 1 1

Yes 73.13 73.51 73.62 0.98 0.878 0.93 0.444
Grains P =0.1368°

No 13.82 16.11 14.67

Yes 86.18 83.89 85.33 1.06 0.681 0.83 0.139
Meats P =0.7443¢

No 10.26 10.46 11.27 1 1

Yes 89.74 89.54 88.73 0.94 0.712 0.93 0.647
Eggs P =0.5870°

No 58.53 58.12 56.44 1 1

Yes 41.47 41.88 43.56 1.05 0.619 1.08 0.402
Tubers, pumpkin or okra P <0.0001¢

No 36.32 42.46 44.02 1 1

Yes 63.68 57.54 55.98 0.98 0.859 0.81 0.025
Nuts P =0.0833¢

No 83.85 83.98 87.04 1 1

Yes 16.15 16.02 12.96 0.81 0.117 0.84 0.149

2 Odds ratio (OR) controlled for age, sex, schooling, region of residence, and alcohol abuse; ® P value from Wald's test; < P value from Pearson’s chi-square test
(Rao-Scott).



Table 5. Frequency and odds ratios of consumption of ultra-processed foods on the day prior to the interview among adults residing in
Brazilian state capitals and the Federal District according to smoking status. Vigitel, Brazil, 2018

Food groups Never Ex-smoker
Ultra-processed foods smoked (0) (1)
Soda P <0.0001¢
No 73.40 73.49
Yes 26.60 26.51
Other sweetened beverages P <0.0001¢
No 75.16 72.79
Yes 24.84 27.21
Sweetened milk-based beverages P =0.0020¢
No 72.55 75.48
Yes 27.45 24.52
Chips/crisps/crackers P =0.4035¢
No 77.63 76.97
Yes 22.37 23.03
Sauces/ready-semi-ready-to-eat products P <0.0001°¢
No 77.71 76.82
Yes 22.29 23.18
Margarine P =0.0020°
No 55.63 55.33
Yes 44.37 44.67
Sweets P =0.1890¢
No 56.87 59.80
Yes 43.13 40.20
Processed meats P <0.0001¢
No 7417 71.01
Yes 25.83 28.99
Sandwich bread/hotdog or hamburger buns P =0.9532¢
No 64.50 64.56
Yes 35.50 3544

Smoker (2) OR?(2/1) p® OR?(2/0) p®

57.96 1 1

42.04 1.77 <0.001 2.00 <0.001
66.04 1 1

33.96 1.26 0.047 1.46 <0.001
78.52 1 1

2148 0.82 0.118 0.87 0.220
75.20 1 1

24.80 1.01 0.905 1.02 0.866
69.21 1 1

30.79 1.27 0.046 1.54 <0.001
48.29 1 1

51.71 1.27 0.019 1.23 0.027
58.52 1 1

41.48 1.01 0.904 1.09 0.387
62.11 1 1

37.89 1.31 0.017 1.63 <0.001
65.11 1 1

34.89 0.89 0.326 1.00 0.963

2 0dds ratio (OR) controlled for age, sex, schooling, region of residence, and alcohol abuse; ® P value from Wald's test; < P value from Pearson’s chi-square test
(Rao-Scott).

the price of cigarettes, the use of warning images on cigarette packs,
and the banning of smoking in closed group environments.'*?

The prevalence of smokers was higher among men, individuals
aged 40-59 years, those without a spouse, those with a lower level
of schooling, those who did not possess a private health insurance
plan, and those who resided in the southeastern region of Brazil.
Similar findings have been reported in previous studies.'”?' The
2019 National Health Survey also found that tobacco use was
greater among men, individuals between 40 and 59 years of age,
those with less schooling and a low income, Black and Brown
individuals, and residents of the southern, central western, and
southeastern regions.'® Using data from the 2008-2009 Family
Budget Survey (Pesquisa de Orgamentos Familiares - POF), Bazotti
et al.” found that approximately 10% of the Brazilian population
reported spending on tobacco products, substantially impacting
the family budget.

Smokers reported lower consumption of fruits and natural

fruit juices, and greater consumption of soda and artificial juice.

Using data from the 2015 Vigitel survey, Francisco et al.” found that
smokers had a greater likelihood (OR = 1.50; 95%CI: 1.20-1.87)
of having an inadequate diet, which was evaluated using an indi-
cator comprising foods considered to be protectors from chronic
disease (fruits, raw and cooked vegetables, milk and beans) and
risk foods (sweets, red meat, soda and other sweetened bever-
ages). In the city of Belo Horizonte, Brazil, 24.8% of non-smokers
and 36.9% of smokers had an unhealthy diet (OR = 1.82; 95%CI:
1.49-2.22) characterized by the frequent consumption of soda or
artificial juice, red meat, and meat with excess fat as well less fre-
quent consumption of fruits and vegetables.® Notably, no studies
were found in the literature that explore the consumption of spe-
cific foods and beverages according to smoking status. The present
investigation is also the first to determine a greater likelihood of
consumption of ultra-processed foods among smokers.

Some studies have investigated nutrient intake and overall diet
quality according to the smoking habit. Raatz et al.” compared the

usual nutrient intake of smokers and non-smokers aged 18-70 years



in the United States and found a lower intake of energy, polyunsat-
urated fatty acids, linoleic acid, dietary fiber, calcium, iron, mag-
nesium, potassium, phosphorus, vitamins A, C and E, riboflavin,
niacin, pantothenic acid, pyridoxin and folate among smokers.
In addition, studies have shown that smokers have higher levels
of oxidative stress, which increases the importance of consuming
healthy antioxidant foods.?>*

A population-based cross-sectional study conducted in
Luxemburg with individuals aged 18-64 years detected a signifi-
cant inverse association between overall diet quality and smoking
intensity, measured by the quantity of cigarettes smoked per day.
Lower diet quality scores were found for five of the eight indices
evaluated in the study, revealing poorer diet quality among moder-
ate and heavy smokers compared to non-smokers after controlling
for age, sex, schooling, cardiovascular health indicators, physical
activity, adiposity, and alcohol intake.!* Compared to those who had
never smoked, ex-smokers had lower intake of processed meats,
refined grains, solid fats, added sugars, and alcohol.”” In a study
conducted in the city of Sdo Paulo, Brazil, Andrade et al.** found
poorer dietary quality in smokers based on an indicator composed
of 12 components (nine food groups, two nutrients, and a com-
ponent corresponding to the percentage of energy obtained from
solid fats, alcohol, and added sugars).

The consumption of three or more glasses of natural fruit juice
per day by smokers merits further attention. Evidence from a sys-
tematic review and meta-analysis indicated a statistically significant
association between the consumption of fruit juice (without added
sugars) and a greater risk of weight gain and insulin resistance
detected using the HOMA-IR index. Furthermore, international
guidelines establish a maximum of 240 ml/day for adults.?® Data
from the individual food intake module of the 2008-2009 Family
Budgets Survey revealed that 5.49% of total energy from the diet
of the Brazilian population came from fruits, with an important
part of this energy derived from juices (2.45%).”” The consump-
tion of fruit juices does not offer the same health benefits as con-
suming the whole fruit, since the extraction process reduces the
fiber content, leads to loss of nutrients that are sensitive to light,
oxygen, and heat, and generates a lower sensation of satiety.?”?

Robust evidence from a set of observational studies indicate
a direct association between the consumption of ultra-processed
foods and adverse health outcomes.” A randomized clinical trial
showed that a diet rich in ultra-processed foods promotes gain in
body weight.* The concomitance of smoking and consumption of
ultra-processed foods is a risky combination, especially among men
with a low level of schooling. These findings are consistent with
those of other studies on poor dietary quality in this population.

To our knowledge, no existing study has specifically analyzed
the consumption of different foods according to smoking status

(smokers, ex-smokers, and non-smokers). Thus, the present results

can contribute to future studies along this line. The Vigitel tele-
phone survey involves a variety of questions on the frequency of
consumption of foods considered markers of healthy and unhealthy
diets, and on the use of cigarettes. Among the limitations related
to the methods adopted by the Vigitel survey, the information
reported by the participants regarding food consumption may have
been subject to recall bias. Therefore, it was impossible to estab-
lish causal relationships because of the cross-sectional design of
the study. Moreover, the sample of the Vigitel survey is restricted
to individuals with a residential telephone line (landline) who
reside in state capitals and the Federal District, which limits the
representativeness of the findings. However, the use of weighting
factors reduced this problem by equating the demographic charac-

teristics of the sample with those of the adult population in Brazil.

CONCLUSION

The present study enabled us to outline the food consumption
profile of smokers, who were found to have a lower weekly and
daily frequency of fruit consumption and a greater frequency
of soda or artificial juices consumption compared to ex-smok-
ers and non-smokers. Attention is to be drawn to the high con-
sumption of natural fruit juices (three or more glasses per day)
among smokers. On the day prior to the interview, smokers
reported a lower frequency of consumption of natural and mini-
mally processed foods, such as fruits, milk, and tubers, as well as
a greater frequency of ultra-processed foods, such as soda, fruit
drinks, sauces, ready-to-eat products, margarine, and processed
meats. These findings underscore the importance of promoting
a healthy diet, especially among smokers, through strategies that

consider concomitance of these risk behaviors.
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ABSTRACT
BACKGROUND: Embolization is a promising treatment strategy for cerebral arteriovenous malformations
(AVMs). However, consensus regarding the main complications or long-term outcomes of embolization
in AVMs remains lacking.
OBJECTIVE: To characterize the most prevalent complications and long-term outcomes in patients with
AVM undergoing therapeutic embolization.
DESIGN AND SETTING: This systematic review was conducted at the Federal University of Alagoas, Ara-
piraca, Brazil.
METHODS: This systematic review was conducted according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses criteria. Data were obtained from MEDLINE, PubMed, LILACS, and SciELO
databases, which included the epidemiological profile of the population, characteristics of the proposed
therapy, complications (hemorrhagic events and neurological deficits), and long-term outcomes (modi-
fied Rankin scale pre- and post-treatment, AVM recanalization, complete obliteration, and deaths).
RESULTS: Overall, the analysis included 34 articles (2,799 patients). Grade lll Spetzler-Martin AVMs were
observed in 34.2% of cases. Notably, 39.3% of patients underwent embolization combined with radio-
surgery. The most frequently reported long-term complication was hemorrhage, which occurred in 8.7%
of patients at a mean follow-up period of 58.6 months. Further, 6.3% of patients exhibited neurological
deficits after an average of 34.7 months. Complete obliteration was achieved in 51.4% of the cases after
a mean period of 36 months. Recanalization of AVMs was observed in 3.5% of patients. Long-term death
occurred in 4.0% of patients.
CONCLUSION: Embolization of AVMs is an increasingly safe strategy with low long-term complications
and satisfactory outcomes, especially in patients who have undergone combination therapies.
SYSTEMATIC REVIEW REGISTRATION: https.//www.crd.york.ac.uk/prospero/ Registration number
CRD42020204867.

NTRODUCTION

Cerebral arteriovenous malformations (AVMs) are anomalous communications between cere-
bral arteries and veins, a complex capillary network, resulting in an increased risk of intrapa-
renchymal hemorrhage.! Other hemodynamic changes include venous hypertension, reversal of
venous flow, and hypoperfusion of areas adjacent to the AVM.>*

AVM is a rare condition, with an incidence of approximately one case per year per 100,000
people and 2-4% of the annual risk of hemorrhage, accounting for 5-25% of the mortality
rate.** Neurological deficits occur in 10-50% of cases following the hemorrhage.** Notably,
the risk of cerebral bleeding is higher in patients with previous bleeding and AVMs deeply
located in the brain.*

Four therapeutic strategies are employed for AVMs. In some cases, conservative manage-
ment can be adopted, with doctors and patients aware of the risk of bleeding and the appear-
ance of other symptoms. The intervention options include microsurgical resection, radiosur-
gery, and therapeutic embolization, which can be used alone or in combination. Nevertheless,
the risks and benefits of each therapeutic alternative must be assessed individually during

patient assessment.>”
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Embolization stands out among treatment options. Currently,
embolization can be used as a single therapeutic modality or as
an adjunctive therapy to microsurgery or radiosurgery to block
arterial blood flow in AVMs, thus reducing their size and high-
risk characteristics.>® However, this type of intervention can cause
long-term complications, and outcomes vary among patients. The
characterization of complications and outcomes can facilitate the
selection of the best therapeutic intervention to achieve higher

rates of complete obliteration and cure.

OBJECTIVE

This systematic review was aimed at analyzing the literature
on the most prevalent long-term complications and outcomes
in patients with AVMs undergoing therapeutic endovascular

embolization.
METHODS

Articles search

This systematic review was performed according to the guide-
lines of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses and was registered in the PROSPERO—
International Prospective Register of Systematic Reviews—under
the registration number CRD42020204867. Two independent
researchers searched for articles published from February to July
2020 in the electronic databases MEDLINE, PubMed, LILACS,
and SciELO.

The keywords used for the research were “Intracranial
Arteriovenous Malformations” and “Therapeutic Embolization”
in conjunction with the Boolean operators AND and OR.
Combinations were made using the same keywords, such as

» «

“Embolization, Therapeutic/Adverse Effects,” “Embolization,
Therapeutic/Epidemiology,” “Embolization, Therapeutic/
Rehabilitation,” “Embolization, Therapeutic/Statistics and
Numerical Data,” “Intracranial Arteriovenous Malformations/
Therapy; and “Intracranial Arteriovenous Malformations/Surgery.”
The following filters were used for the type of study: “Clinical
Study;,” “Clinical Trial,” “Observational Study,” and “Randomized
Controlled Trial” All keywords and filters were written in English,
Spanish, and Portuguese. Notably, we did not identify any previ-

ous reviews on this topic.

Articles selection

Articles with an evaluation of at least one long-term outcome or
complication in patients diagnosed with AVMs and treated with
therapeutic embolization in isolation or combined with other
therapeutic strategies (radiosurgery and/or microsurgery) were
included in this review. The exclusion criteria were as follows: 1)

studies describing other intracranial AVMs, such as cavernomas,

developmental venous anomalies, Galen’s vein malformations,
and dural fistulas; 2) studies with no therapeutic embolization;
3) studies with a lack of evidence for long-term follow-up of
patients; 4) studies that referred to short-term complications/
outcomes (up to 30 days after treatment); 5) technical notes,
experience reports, and literature reviews; and 6) publications in
languages other than English, Portuguese, and Spanish.

The initial inclusion eligibility of identified studies was assessed
by two independent authors based on the titles and abstracts.
Subsequently, articles with titles and abstracts meeting the inclusion
criteria were selected for further review. Thereafter, the same two
authors read the full texts and selected eligible articles based on the
inclusion and exclusion criteria. Any disagreements between the
two authors were analyzed and resolved by a third or fourth author.
The reference lists of the selected articles were revised to identify

potentially relevant articles that were lost during online searches.

Data extraction

The data were initially extracted and typed on a spreadsheet by
one author and confirmed by another author to ensure accuracy.
The extracted data included: 1) population profile of each study
(number of participants, age, sex, initial presentation, presence
of aneurysms, and Spetzler-Martin scale); 2) characterization of
the proposed therapy (type of embolizing material, number of
embolizations, and approach used for embolization); 3) follow-
up time and number of participants lost; 4) long-term complica-
tions and outcomes (intracranial hemorrhages, neurological def-
icits, recanalization of AVMs, effects of radiosurgery, complete
obliteration, death, and other outcomes); 5) modified Rankin

scale (mRs) score pre- and post-treatment.

Data synthesis and evaluation of study quality

Outcomes that occurred within and after 30 days following
the therapeutic intervention were considered short- and long-
term outcomes and complications, respectively. Descriptive
statistics were employed to calculate the rates and averages for
each study. Quality analysis of the selected studies was per-
formed using the Newcastle-Ottawa Scale.”® This scale has
three domains: selection (maximum of four stars), compa-
rability (maximum of two stars), and results (maximum of
three stars). A study is considered to have strong evidence if
it receives three or four, one or two, and two or three stars
in the selection, comparability, and results domains, respec-
tively. Moderate evidence is considered if a study receives two,
one or two, and two or three stars in the selection, compara-
bility, and results domains, respectively. Limited evidence is
considered if a study receives zero or one, zero, and zero or
one stars in the selection, comparability, and results domains,

respectively.
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RESULTS

We obtained 601 studies from the database searches (PubMed,
507; MEDLINE, 42; LILACS, 24; SciELO, 28). Another 22 articles
were selected from the reference lists of the pre-selected studies.
A total of 412 articles remained after eliminating the duplicates.
Further, 338 articles were excluded based on titles and abstracts,
leaving 93 articles for full-text reading. Of these, 58 articles that
did not meet the inclusion criteria were excluded. Finally, 34
articles were included in this systematic review (5 case-control
studies, 15 retrospective cohorts, and 14 prospective cohorts)
(Figure 1). The quality analysis of each study included in this

review is summarized in Figure 2.

The data of 2,799 patients with AVMs treated using emboliza-
tion therapy alone or in combination with other treatments were
assessed in this review. The mean age of patients was 32.3 years
(range 9.7-44.2 years), and 52.2% were male and 47.8% were female
(Table 1). The most prevalent clinical presentation was hemor-
rhage (42.6%), followed by headaches (32.4%), seizures (30.6%),
and neurological deficits (12%). Notably, 116 (4.4%) asymptom-
atic patients at the time of admission were also identified from
the selected studies. Patients also presented with more than one
clinical presentation on admission. Additionally, other symptoms
such as visual disturbances, weakness, speech disorders, and imbal-

ance are also possible, as reported by Yang et al.' and Yang et al.*?

Studies selected from the database
search
(n=601)
- PUBMED: (n = 507)
- MEDLINE: (n = 42)
- LILACS: (n = 24)
- -SciELO: (n = 28)

Studies identified through a search of
references:
(n=22)
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o synthesis
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g Studies screened N Studies excluded
(n=412) (n=338)
>- v
= Full-text studies excluded
= Full-text studies assessed for (n=59)
aa) eligibility —
8 (n=93) - Without results (n=2)
d - Does not differentiate the outcome of

patients undergoing different treatment
modalities (n = 17)

- Not related to therapeutic embolization (n =
5)

- Not related to Cerebral Arteriovenous
Malformations (n= 4)

- Immediate complications or during the
procedure (n = 13)

- Article comment (n=1)

- Insufficient data (n = 14)

- Case series study (n=2)

- Literature review (n=1)

Figure 1. Flowchart from studies selection.
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Of the selected articles, 13 provided information about the
mRs score before treatment. Of the 1002 patients, 90.2% (n = 908)
had a mRs score of 0-2. Further, 25 studies classified AVMs
according to the Spetzler—Martin scale, with a total of 2,130 cases.
Of these, 16.1% (n = 343), 30.8% (n = 656), 34.2% (n =728), 15.5%
(n=331),2.7% (n = 58), and 0.7% (n = 14) were grade I, II, III,
IV, V, and VI Spetzler-Martin AVMs, respectively. Additionally,
16 studies (1,731 patients) reported the presence of aneurysms
associated with AVMs, with a prevalence rate of 26.2% (n = 454).
No information was collected regarding aneurysm characteris-
tics (Table 2).

A total of 2,589 patients were treated in the reviewed studies.
Of these, 37.1% (n = 961) underwent embolization alone, 39.3%
(n = 1,017) underwent embolization and radiosurgery, and 23%
(n = 594) underwent embolization and microsurgery. Only 17
patients (0.6%) underwent three combined strategies (emboliza-
tion, radiosurgery, and microsurgery). Data of patients who were
treated with the three therapies were presented only by Dehdashti
et al.,”® Singfer et al.,' Xu et al.,”” and Yang et al.'*(Table 2).

Figure 2. Assessment of methodological quality of studies using the Newcastle Ottawa Scale.

The approach used for vascular access in therapeutic emboli-
zation was not specified in most studies. Of the studies that spec-
ified the approach, Abud et al.'®and Iosif et al."” used an arterial
approach, whereas Mendes et al.’ and Weber et al.’” used a com-
bined arterial and venous approach. Twenty studies reported the
use of Onyx as an embolic material, and seven studies used it in
combination with other materials. Other embolic materials include
N-butyl-2-cyanoacrylate, synthetic glue based on cyanoacrylate
(Glubran), polyvinyl alcohol, and springs. Dehdashti et al.,"” Yang
et al.,'"! and Yang et al."? did not specify the type of material used
for embolization. The average number of embolization sessions
per patient was approximately two.

Analyzing long-term complications, 12 studies reported bleed-
ing events with a prevalence of 8.7% (112/1,291 patients). The mean
follow-up period in these 12 studies was 58.6 months. Cronqvist
et al.,” Lv et al.,”! and Pierot et al.?? reported the variations in
long-term complications during the follow-up period (Table 3).
Fourteen studies reported neurological deficits as a long-term com-

plication, and six did not specify the nature of the deficits. A total



Table 1. Characteristics of studies included in the systematic review and patients with cerebral arteriovenous malformations

Reference

Yang et al."

Yang et al."?
Dehdashti et al.”
Singfer et al.'

Xu et al.’

Abud et al.’®

losif et al.'”

Mendes et al.”®
Weber et al.”
Cronqvist et al.°
Lvetal?

Pierot et al.??
Shekhtman et al.
Zabel-du Bois et al.®*®
Hartmann et al.®
Starke et al.?®
Blauwblomme et al.*
Kano et al3!

Liu et al®®
Panagiatopoulos et al.>®
Al-Smadi et al.>”
Consoli et al.®

de Castro-Afonso et al.**

Lee et al.®®
Lvetal®
Mathis et al.*?
Pérez-Higueras et al.*®
Pierot et al.**
Raupp et al.®
Sahlein et al.*¢
Umansky et al.#’
van Rooij et al.*®
Wikholm et al.*
Jordan et al.*®

Total

Type of study

Cohort (retrospective)
Cohort (retrospective)
Case-control
Cohort (retrospective)
Cohort (prospective)
Cohort (retrospective)
Cohort (prospective)
Cohort (prospective)
Cohort (retrospective)
Cohort (prospective)
Cohort (retrospective)
Cohort (retrospective)
Case-control
Cohort (retrospective)
Cohort (prospective)
Cohort (prospective)
Cohort (prospective)
Case-control
Cohort (prospective)
Cohort (retrospective)
Cohort (retrospective)
Cohort (prospective)
Cohort (retrospective)
Case-control
Cohort (retrospective)
Cohort (prospective)
Cohort (prospective)
Cohort (prospective)
Cohort (prospective)
Cohort (retrospective)
Cohort (retrospective)
Cohort (retrospective)
Cohort (prospective)
Cohort (prospective)

Characteristics of the patients

Sex
Number Age
(Years, mean) M F
31 26.4 15 16
420 35.0 180 240
135 36.0 70 65
61 38.0 32 29
86 30.3 51 35
17 327 8 9
73 40.5 45 28
7 13.5 3 4
47 36.0 31 16
21 40.7 15 6
144 27.9 92 52
20 33.2 9 1
40 321 24 16
50 37.2 27 23
233 36.0 109 124
202 35.0 84 118
106 9.7 62 44
120 33.0 61 59
31 326 19 12
82 44.2 41 41
34 10.6 22 12
84 38.2 52 32
23 1.7 1 12
25 42.0 15 10
30 31.0 22 8
24 N/S N/S N/S
45 35.0 22 23
117 42.6 72 45
104 30.0 59 45
130 34.2 64 66
12 N/S N/S N/S
24 41.0 17 7
150 355 67 83
71 N/S 41 30
1,442 1,321
2,799 323 (52.2%) (47.8%)

N/S = not specified; M = Male; F = Female.

of 81 neurological deficits were reported in 1,291 patients (6.3%).
The mean follow-up period was 34.7 months. The most common
deficits were hemiparesis, speech disorders (aphasia and dysar-
thria), visual disturbances (hemianopia and diplopia), ataxia, par-
esthesia, facial paralysis, permanent weakness in the right hand,
and unilateral deafness (one case) (Table 3).

Twenty-three studies provided information on long-term
obliteration/cure rates. Notably, 552 complete obliterations were

reported in 1,071 patients (51.4%), with a mean duration of 36

months. Additionally, nine studies reported 36 long-term deaths in
a population of 889 patients (4%). Of these, three studies reported
that deaths occurred due to hemorrhagic events. The shortest fol-
low-up time until death was 30 days, and the longest was 56.04
months (Table 3).

Data on long-term recanalization of AVMs were only described
in five studies. A total of 231 patients were followed up, of whom
eight cases of recanalization (3.5%) were identified. Of these, one

was identified after 1 year of follow-up, whereas four were identified



Table 2. Clinical and angiographic profiles of patients with cerebral arteriovenous malformations

Total number of

Number of patients

%

Variable Subgroup Number of studies
Asymptomatic 32
Hemorrhage 32
Initial clinical Neurological deficit 32
presentation Headache 32
Seizure 32
Others 2
Modified Rankin scale mRs 0-2 13
score (mRs; pre-
treatment) i =
Spetzler-Martin
i Grade | 2
Spetzler-Martin Grade
I 25
Spetzler-Martin Grade 25
Angiographic 1l
presentation Spetzler-Martin Grade 25
\%
Spetzler-Martin Grade 25
Vv
Presence of brain 16
aneurysms
Isolated embolization 34
Embolization +
Radiosurgery 34
Proposed treatment Embolization + 34

Microsurgery

Embolization +

Radiosurgery + 34
Microsurgery

at an interval of 2.5-4 months. Additionally, other outcomes that
did not fit our study variables, such as the long-term effects of
radiosurgery, acute myocardial infarction, and memory impair-

ment (eight patients), were also reported (Table 3).

DISCUSSION

Our study showed that AVMs generally affect young adults (30—
40 years old) and are more prevalent in males. The most common
clinical presentation was hemorrhage, followed by headaches,
seizures, and focal neurological deficits. The patients selected for
endovascular treatment, either alone or in combination, mostly
had Spetzler-Martin grade II or III AVMs. The most frequent
long-term complications were hemorrhagic events (8.7%) and
neurological deficits (6.3%). In most studies, the follow-up time
until the onset of these complications was >2 years. Notably,
51.4% of patients (552 of 1,071) achieved complete AVM obliter-
ation after an average of 36 months of follow-up, whereas recana-
lization was identified in 3.5% patients (8 of 231). Finally, 4% of
patients (36 of 889) died, mostly due to hemorrhagic events.

patients per subgroup
2,609 116 4.4%
2,609 1,113 42.6%
2,609 313 12.0%
2,609 845 32.4%
2,609 799 30.6%
451 257" 57.0%
1,002 908 90.6%
1,002 94 9.4%
2,130 343 16.1%
2,130 656 30.8%
2,130 728 34.2%
2,130 331 15.5%
2,130 58 2.7%
1,731 454 26.2%
2,589 961 37.1%
2,589 1017 39.3%
2,589 594 23%
2,589 17 0.6%

"Visual disturbances (82 cases), weakness (73 cases), speech disorders (67 cases), and imbalance (35 cases).

Long-term hemorrhagic events
The risk of long-term bleeding varies according to treatment type.
Procedures that have a direct effect on AVMs, such as microsur-
gery and embolization, have a relatively short post-treatment
bleeding latency period, varying from days to months. However,
in radiosurgery, the latency period between the end of the proce-
dure and hemorrhage can vary from 2 to 3 years.'>* The clinical
presentation (with or without initial bleeding) also affects the risk
of long-term bleeding. The risk of new hemorrhage in the first
year is 6.5-32.9% in patients with a clinical presentation of hem-
orrhagic events (ruptured AVMs), whereas a lower risk of 0-3.6%
is observed for patients without hemorrhage in the initial clinical
presentation .2

Lv et al.?! analyzed the bleeding rates in patients with AVMs
after embolization alone or in combination and reported 20 long-
term bleeding events, 11 of which involved hemorrhage at initial
clinical presentation. Further, the mean follow-up time until the
appearance of a bleeding event in the groups without and with bleed-

ing at the initial presentation was 3.5 and 7.3 years, respectively.



Table 3. Long-term complications and outcomes of included patients in the systematic review

Complications and

Patients per

Total number of Follow-up

Number of studies ) complications and %

outcomes patients (months, mean)
outcome

Hemorrhagic events 12 1,291 112 8.7% 58.6
Neurological deficits 14 1,291 81" 6.3% 34.7
Complete obliteration/ 23 1071 552 51.4% 36.0
cure
Recanalization 5 231 8 3.5% 18.1
Death 9 889 36 4% N/S
Modified Rankin scale
(mRs) score 0-2 12 636 589 92.6% N/S
(post-treatment)
Modified Rankin scale
(mRs) score > 2 12 636 47 7.4% N/S

(post-treatment)
Reference
Dehdashti et al.”
Hartmann et al.?®
Kano et al.®'

Lee et al.®
Lvetal#
Wikholm et al.#

Other complications and outcomes
Total improvement of headache after treatment: C = 28 patients (67%); CT = 8 patients (20%)
Acute myocardial infarction (1 patient)
Effects of radiosurgery (10 patients), approximately 7 months after treatment
Effects of radiosurgery (11 patients), approximately 6 months after treatment
Seizure control: excellent (21 patients), good (4 patients), fair (2 patients), and poor (3 patients)
Impaired memory (8 patients), with a later improvement (4 patients)

15/50 had visual deterioration or visual field changes before radiosurgery. Deficits were maintained in 87% of the cases, 1

Zabel-du Bois et al.?®

Shekhtman et al.?

N/S = not specified; C = cases; CT = controls.

patient resolved completely and 1 improved partially. Asymptomatic focal edema developed in 42% of patients 7.5 months

after radiosurgery

Glasgow Outcome Scale score: 1 (2 patients), 2 (0), 3 (1 patient), 4 (12 patients) and 5 (15 patients)

"Hemiparesis (15 cases), speech disorder (11 cases, including 4 aphasia, 3 dysarthria, and 4 unspecified cases), visual disturbance (10 cases, including 5
hemianopia, 2 diplopia, and 3 unspecified cases), ataxia (2 cases), paresthesia (2 cases), facial paralysis (2 cases), permanent weakness in the right hand (1 case),

and unilateral deafness (1 case).

Zabel-du Bois et al.*® identified six hemorrhagic events in a
group of 50 patients who underwent embolization and radiosur-
gery, with an average time of 8.5 months. Further, they reported
the lowest rate of obliteration after embolization in patients with

hemorrhagic events.

Long-term neurological deficits

The literature indicates a 4-18% risk of permanent neurologi-
cal deficit, which may vary according to the embolizing mate-
rial, technique used, and AVM characteristics.”” Hartmann et al.?®
reported a 14% permanent neurological deficit rate in a series of
233 cases and a total of 545 embolizations.

Pierot et al.,?? in their retrospective cohort study, ana-
lyzed 20 patients who underwent 77 embolizations fol-
lowed by radiosurgery, with Onyx as the embolizing mate-
rial. Worsening of the neurological clinical presentation
was reported in only one patient, with a pre-mRs score of
1 evolving to 2, and the overall neurological clinical results

were classified as satisfactory.

Starke et al.”® identified 19 patients with post-embolization
neurological deficits (9 with a mRs score < 2 and 10 with a mRs
score > 2) among 202 patients who underwent embolization. After
a mean follow-up of 43.4 months, five persistent neurological defi-
cits were identified, which were equivalent to 1% of the procedures
and 2% of the patients. The authors concluded that most neuro-
logical deficits were transient and that even moderate and severe

deficits were likely to improve over time.

Complete obliteration and death

Recently, the role of endovascular therapy in the treatment
of AVMs has improved. However, low cure rates (16-32.8%)
have been reported using endovascular embolization as a sin-
gle treatment modality, with mortality rates ranging from 0%
to 7.5%. More recently, some studies reported an obliteration
rate of > 51% using Onyx, indicating advancement in the role
of endovascular therapy in the treatment of AVMs.*?5% Josif
et al.”” reported a high cure rate (95%) in 73 patients with low-
grade AVMs using Onyx as an embolizing agent within an



angiographic follow-up time of 12-18 months, indicating the
superiority of therapeutic embolization to small-sized AVMs.
However, randomized clinical trials are required to confirm the
superiority of this therapeutic approach.

The factors that determine the success of endovascular ther-
apy depend on the selection of AVM characteristics. Abud et al.,'®
in a series of 17 patients undergoing embolization to cure AVMs
using Onyx as an embolizing agent, concluded that the success of
embolization was dependent on small AVM size (1-3 cm), location
other than in the brainstem or deep brain structures, with renal
arteries easily accessible by a microcatheter with the possibility
of reflux of 2-3 cm, and a clear location of the proximal parts of
the drainage veins such that the operator recognizes the venous
filling with Onyx in time.

The role of embolization in radiosurgery varies from occlu-
sion of aneurysms to decreasing the volume of AVMs, decreas-
ing the radiation doses to which the nidus needs to be exposed,
and decreasing the amount of cerebral blood flow. However, the
obliteration is slow to achieve. Kano et al.’! described cure rates
of 35%, 53%, 55%, and 59% at 3, 4, 5, and 10 years, respectively.
Singfer et al.’® reported a 77.2% cure rate after an average of 5
years of follow-up.

The cure rate also varies according to the embolization agent
used. Liu et al.* evaluated the results of AVM embolization using
Glubran 2 as an embolizing agent. Of the 31 patients who under-
went embolization, 27 had an obliteration rate of 100%, whereas 4
had an obliteration rate of 90%-99%. The duration of clinical and

angiographic follow-ups ranged from 3 to 6 months.

Recanalization of AVMs
Recanalization (or recurrence) of AVMs is defined as new radio-
logical evidence or a new event, commonly hemorrhage, in a
patient who underwent angiographic examination after treat-
ment, indicating complete obliteration of the AVM nidus. The
use of new treatment techniques has enabled lower recanaliza-
tion rates and, consequently, less AVM recurrence.**
Panagiatopoulos et al.*® reported complete obliteration in 20
patients and four AVM recurrences 2.5-4 months after emboliza-
tion through angiographic examination among 80 patients (average
of 1.45 embolizations per patient), using Onyx as an embolizing

agent. Of the four recurrences, two were identified as minimal.

Other complications and long-term outcomes

Kano et al.’' reported adverse effects related to radiosurgery,
which were unrelated to previous embolization, in an average
follow-up period of 7 months in 10 patients (8.3%). One patient
required a surgical procedure because of cyst formation and
cerebral edema 8 months after radiosurgery. Postoperatively, the

same patient developed persistent aphasia and hemiparesis.

Valavanis et al.,* in their study including 1,114 patients,
reported the development of amyotrophic lateral sclerosis (ALS)
in seven patients after an average follow-up of 132 months. Notably,
the low production of vascular endothelial growth factors by AVMs
with significant angiogenesis, possibly due to several embolization
procedures, may contribute to the development of ALS.

Shekhtman et al.,” in their case-control study, compared the
outcomes of patients who underwent embolization and micro-
surgery (n = 40) with those who underwent microsurgery alone
(n = 40). Long-term outcomes were assessed in 30 patients who
underwent embolization and microsurgery using the Glasgow
Outcome Score (GOS), with an average follow-up time of 27.6
months. Of these, 2, 0, 1, 12, and 15 patients had GOS 1, 2, 3, 4,
and 5, respectively. Of the 40 patients that underwent microsur-
gery only, 1, 2, 0, 19, and 18 had GOS 1, 2, 4, and 5, respectively.

Study limitations
All studies included in this review were cohort or case-control
studies with inherent limitations of observational studies, such
as selection bias, sample size, and losses during follow-up. Most
of the studies included in this review were hospital-based stud-
ies in single centers, increasing the risk of bias and limiting the
representativeness of the data. In addition, the generalizability of
the results was limited owing to the limitations in the selection
of cases and controls. Notably, only a few studies selected for this
review had a control group, and the follow-up period was small.
Although most of the included studies used current tech-
niques, studies conducted in the 1990s and early 2000s were lim-
ited by the lack of technological advances in endovascular therapy,
introduction of catheters, and development of new embolic agents.
Finally, the outcomes may be influenced by the heterogeneity of
the studies in terms of evaluation methods and follow-up proto-
cols. Consequently, multicenter and randomized studies involving
a larger sample size, with sufficiently long follow-up periods are

crucial to overcome these limitations.

CONCLUSIONS

Embolization of AVMs is a therapeutic strategy exhibiting greater
safety in microsurgical or radiosurgical treatment, with high cure
rates depending on the characteristics of the AVMs, technique, and
resources used during the endovascular procedure. Further, long-
term complications are low, and outcomes are considered positive,

especially in patients who undergo combination therapies.
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ABSTRACT
BACKGROUND: Until recently, the treatment of people with hemophilia A and inhibitors (PwHAI) was
based on the use of bypassing agents (BPA). However, the advent of emicizumab as prophylaxis has
demonstrated promising results.
OBJECTIVES: We aimed to compare the bleeding endpoints between PwHAi on BPA and those on emi-
cizumab prophylaxis.
DESIGN AND SETTING: Systematic review of interventions and meta-analysis conducted at the Universi-
dade Federal de Goiés, Goiania, Goias, Brazil.
METHODS: The CENTRAL, MEDLINE, Scopus, and LILACS databases were searched on February 21, 2023.
Two authors conducted the literature search, publication selection, and data extraction. The selected pub-
lications evaluated the bleeding endpoints between PwHAi on emicizumab prophylaxis and those on BPA
prophylaxis. The risk of bias was evaluated according to the Joanna Briggs Institute criteria. A meta-analysis
was performed to determine the annualized bleeding rate (ABR) for treated bleeds.
RESULTS: Five publications (56 PwHAI) were selected from the 543 retrieved records. Overall, bleeding
endpoints were lower during emicizumab prophylaxis than during BPA prophylaxis. All the publications
had at least one risk of bias. The only common parameter for the meta-analysis was the ABR for treated
bleeds. During emicizumab prophylaxis, the ABR for treated bleeds was lower than during BPA prophylaxis
(standard mean difference: —1.58; 95% confidence interval —2.50, —0.66, P = 0.0008; I> = 68.4%, P = 0.0031).
CONCLUSION: Emicizumab was superior to BPA in bleeding prophylaxis in PwHAIi. However, both the
small population size and potential risk of bias should be considered when evaluating these results.
SYSTEMATIC REVIEW REGISTRATION: CRD42021278726, https://www.crd.york.ac.uk/prospero/display_
record.php?RecordID=278726.

INTRODUCTION

Hemophilia A (HA) is an X-linked recessive bleeding disorder characterized by reduced or
absent coagulation factor (F) VIII activity.! The clinical presentation depends on residual FVIII
activity. Mild HA (FVIII 5%-40%) is characterized by increased bleeds mainly during surgery
or after trauma, whereas severe HA (FVIII < 1%) is characterized by both spontaneous and
provoked bleeds.! Moderate HA (1%-5%) has a wide phenotype, depending on the residual
FVIII activity.! Bleeds occur mainly in joints, although they may also occur in vital organs.!
Consequently, joint bleeds lead to arthropathy and worsen quality of life.!

The most effective therapy to prevent bleeds among people with HA (PwHA) is the regular
use (prophylaxis) of FVIII replacement, although episodic infusions may still be required to
treat breakthrough bleeds (episodic treatment).? However, some PwHA develop FVIII inhib-
itors, which are alloantibodies that neutralize the clotting activity of FVIIL.>* This occurs in
approximately 20%-30% of severe and 5%-10% of moderate/mild PwHA.! Consequently, as
PwHA and inhibitors (PwHAI) present higher mortality and morbidity than PwHA without
inhibitors,** they experience decreased social and emotional functioning, physical pain/dis-
comfort, and arthropathy.®

To revert these outcomes, immune tolerance induction (ITI) is indicated.” ITI comprises the
administration of repeated doses of FVIII to eradicate inhibitors.” Nonetheless, this treatment is unsuc-
cessful in approximately 30%-40% of PwHAI, who will ultimately require bypassing agents (BPA)

for both prophylactic and episodic treatments.” The current available BPA are activated prothrombin
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complex concentrate (aPCC) and recombinant activated FVII (rFVIIa).2
They have similar effectiveness as prophylactic or episodic therapeutics.’

However, this scenario has changed since the advent of emici-
zumab, a humanized, bispecific monoclonal antibody. Emicizumab
acts as a FVIII-mimetic agent, linking to the activated FIX (FIXa)
and FX to reestablish the coagulation process.' In addition, since the
structure of emicizumab has no homology with FVIIL, it is not neu-
tralized by the anti-FVIII inhibitors." Finally, compared with BPA
prophylaxis, emicizumab prophylaxis has demonstrated promising
results in some publications.'*** Further potential benefits are its bio-
availability after subcutaneous administration and its increased half-
life, which demands weekly or even monthly infusions.'® Despite the
apparent advantages, no systematic review has analyzed its actual

benefits as prophylaxis for PwHAi compared with BPA prophylaxis.

OBJECTIVE
We conducted a systematic review and meta-analysis to compare
bleeding endpoints between PwHAi on emicizumab and those

on BPA prophylaxis.

METHODS

Protocol and registration

This systematic review was registered in the International
Prospective Register of Systematic Reviews (PROSPERO;
CRD42021278726). We conducted the systematic review accord-
ing to the Cochrane recommendations'® and reported it accord-
ing to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement (Supplementary Table 1).”
The research question was “Is emicizumab prophylaxis effective at
reducing the bleeding endpoints among PwHAi when compared
with BPA prophylaxis?”.

Literature search
A literature search was performed by two authors on February
21, 2023. Specific search strategies were used for each of the fol-

lowing databases: Cochrane Central Register of Controlled Trials

Table 1. Search strategies in each platform (February 21, 2023)

(CENTRAL); Medical Literature Analysis and Retrieval System
Online (MEDLINE) via PubMed; Literatura Latino-Americana
e do Caribe em Ciéncias da Satde (LILACS; in English,
Latin-American, and Caribbean Center on Health Sciences
Information); and Scopus (Table 1). In addition, we manually
searched the reference lists of published reviews retrieved from
MEDLINE to obtain additional publications that met the eligibil-
ity criteria. We also accessed the ClinicalTrials platform (www.
clinicaltrials.gov) on February 21, 2023, using “hemophilia A
with inhibitor” in the “condition or disease” section and “emi-
cizumab” in the “other terms” section, to detect registered stud-
ies and used their identification numbers to search for potential

missing publications.

Inclusion and exclusion criteria

The included publications presented information on the
bleeding endpoints among PwHAI on emicizumab prophy-
laxis compared to those on BPA prophylaxis. Randomized
and nonrandomized controlled trials, as well as observa-
tional studies were included. No restrictions on the pub-
lication date or language were applied. Publications were
excluded for the following reasons: absence of bleeding eval-
uation; lack of data on emicizumab prophylaxis; publica-
tion type other than original article (for example, reviews or
posters); absence of discrimination between data on PwHA1
and PwHA without inhibitors; existence of a more recent
publication with the same population; or absence of PwHA1

on BPA prophylaxis.

Publication selection

The web-based app Rayyan (https://www.rayyan.ai/) was used in
the screening process.' After the exclusion of duplicates, titles
and abstracts were independently screened according to the
inclusion criteria by two authors. Subsequently, publications
that potentially fit the inclusion criteria were read entirely by
the two authors to decide on inclusion in the systematic review.

Discussions on contrasting selection results were conducted by

Platform Search strategy Number of publications
CENTRAL (((((hemophilia) OR (haemophilia)) OR (factor VIII)) OR (FVIII)) AND (((inhibitor) OR (anti-factor VIII)) 30
OR (anti-FVIII))) AND (((emicizumab) OR (ACE910)) OR (hemlibra))
MEDLINE (“hemophilia A”) OR (“haemophilia A”) AND (emicizumab OR hemlibra OR ACE910) AND 318
(inhibitor OR anti-FVIIl OR anti-factor VIII)
LILACS “hemophilia A" OR “haemophilia A" [Words] and emicizumab OR hemlibra OR ACE910 [Words] and inhibitor OR o1
anti-FVIII OR anti-factor VIII [Words]
( (hemophilia OR haemophilia OR factor AND viii OR fviii ) AND ( inhibitor OR “anti-factor viii” OR
Scopus 194

Latino-Am

“anti-fviii”) AND ( emicizumab OR ace910 OR hemlibra ) ) AND ( LIMIT-TO ( DOCTYPE, “ar”))
Table legend: CENTRAL = Cochrane Central Register of Controlled Trials; MEDLINE = Medical Literature Analysis and Retrieval System Online; LILACS = Literatura

ericana e do Caribe em Ciéncias da Saude.
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the coordinators. We contacted the authors of publications that
did not contain the information required for inclusion, specifi-
cally requesting lacking data. If such data were not provided, the

publication was excluded.

Data extraction

Data were extracted from the publications selected for the sys-
tematic review by two authors using a standardized form. This file
contains information on the authors of the publication, study
design, country(ies) where the studies were conducted, popu-
lation size, population characteristics (age, sex, disease sever-
ity, and inhibitor titer), emicizumab/BPA regimens, and adverse
events (AEs). Moreover, we collected information on bleeding

endpoints as the main outcome of this systematic review.

Risk of bias assessment
The risk of bias was assessed by two authors using the Joanna
Briggs Institute (JBI) critical appraisal checklists for quasi-exper-
imental trials, randomized controlled trials, and cohort studies."
Following the JBI guidelines, we did not define cut-off values for
categorizing the publications as having low, moderate, or high
risk of bias'®. Conversely, we presented the overall risk of bias for
each domain.

Publication bias was not assessed owing to the small number

of publications included in this systematic review.

Meta-analysis

The main outcome analyzed was the annualized bleeding rate
(ABR) for treated bleeds. Initially, we calculated the mean and
standard deviation (SD) of the study samples based on the
median and range according to the methodology described by
Hozo et al.”® Heterogeneity between studies was evaluated using
the I? statistic. I? values of 60%-100%, 40%—-59%, and 0%-39%
indicated high, moderate, and low heterogeneity, respectively.”!
We also used the Cochran’s Q test was used to verify the het-
erogeneity between the selected studies.”? The null hypothe-
sis was that all studies were identical. Next, random- or fixed-
effects models were used to analyze the magnitude of effect
on ABR for treated bleeds after intervention implementation,
when study heterogeneity was high (= 50%). A meta-analysis
was conducted for all pooled studies that evaluated the emici-
zumab maintenance regimen of 1.5 mg/kg weekly according to
the type of study (controlled trials and cohort) as subgroups.
Statistical inference was performed using the Student’s ¢ test.
The effect size was presented as the standardized mean differ-
ence for the pre-post studies with the respective 95% confi-
dence interval (95%CI). Forest plots were generated to visualize
the results. Analyses were conducted using the R software ver-

sion 4.1.3 (R Core Team, Vienna, Austria).?

RESULTS

Publication selection

The literature search retrieved 543 publications. After duplicate
removal and title/abstract screening, 24 publications were eval-
uated (Supplementary Table 2). Subsequently, 19 publications
were excluded because they did not completely fulfill the inclu-
sion criteria. Thus, five publications were included in the final
version: one randomized controlled trial,'?> two non-randomized
controlled trials,'*** and two cohort studies.?>?*®* A PRISMA dia-
gram of the selection process is presented in Figure 1. A search of
the reference lists did not yield any new publications.

In the ClinicalTrials database, 20 registered studies were iden-
tified. Among these, we excluded two trials that did not use emici-
zumab as the main investigated drug, four trials that did not include
PwHAI cases, and one trial that had been revised to include two
protocols. The analysis of the remaining 12 studies did not iden-

tify any new publications.

Study characteristics

Among the selected publications, two controlled trials pre-
sented limited information regarding the specific subgroup of
PwHALI that received previous prophylactic BPA (Table 2).1>%?
However, the data of PwHAi who received episodic and pro-

phylactic BPA are mixed in the tables and comparisons. Both

[ Identification of publications via databases and registries

)

Publications identified (n = 543):

MEDLINE (n = 318)
CENTRAL (n = 30)
LILACS (n= 1)

Duplicates (n = 168)

Publications removed before screening (n = 168):

Identification

Scopus (n = 194)

!

[

)

Publications excluded after title and abstract
> screening (n = 351)

Publications screened by title
and abstract (n = 375)

!

Publications excluded after full-text reading (n =
| 19):

No bleeding analysis (n = 4)

No bleeding analysis prior to emicizumab
(n=4)

No specific data on emicizumab (n = 2)

Not an original article (e.g., review, poster,
etc.) (n=1)

No discrimination of data between subgroups
(n=5)

Publications assessed for
eligibility (n = 24)

Screening

included (n=2)

Older article with less current analysis (n = 1)
Only people with previous episodic treatment

Publications included in
qualitative synthesis (n = 5)

Publications included in
quantitative synthesis (meta-
analysis (n = 5)

Included

Literature Analysis and Retrieval System Online; LILACS = Literatura Latino-
Americana e do Caribe em Ciéncias da Saude.

CENTRAL = Cochrane Central Register of Controlled Trials; MEDLINE = Medical

Figure 1. The Preferred Reporting Items for Systematic reviews and

Meta-Analyses (PRISMA) flowchart for study selection.
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Table 2. Characteristics of the populations in the included publications

First
author,
year

Oldenburg,
2017"

Young,
2019

Shima,
2021

Misgav,
2021%

McCary,
2020%

Inhibitor
Study . .
. Sponsor Country (ies) N Age ex 5 titer
design severity
(BU/mL)
Spain, Costa
Rica, USA,
Italy, United
Kingdom,
Germany,
Roche and
Controlled ) Japan, Poland,
Chugai . 24 174 M NR NR
RCT Australia,
Pharmaceutical
Republic of
Korea, France,
South Africa,
New Zealand,
Taiwan
United
Kingdom,
USA, Spain,
Roche and
Controlled ) Germany, Italy,
Chugai . 15 <12 M NR >5
NRCT X South Africa,
Pharmaceutical
Japan, Turkey,
France, Costa
Rica
Controlled Chugai
. Japan 3 >12 M Severe NR
NRCT Pharmaceutical
62.9
Cohort None Israel 2 NR  Severe 356
(mean)
8.05
Cohort None USA X Severe NR
(median)

Emicizumab ABR for

BPA Emicizumab hylaxi A ABR for treated
rophylaxis reate
. prophylaxis b p. v bleeds during Adverse
prophylaxis ) regimen: bleeds L.
. regimen: . emicizumab events*
" ‘ance  during BPA )
loading dose i prophylaxis
dose prophylaxis
Med: 11.5 Med: 0
3.0 mg/kg
NR 1.5mg/kgQW  Mean: 17.1 Mean: 9.7 Yes#
QW x4
SD:13.2 SD:11.1
Med: 17.9 Med: 0 No
3.0 mg/kg -
NR QW4 1.5mg/kgQW  Mean: 20.4 Mean: 0.3 2 neutralizing
X
SD:13.3 SD: 0.4 ADA
Med: 24.3 Med: 0
3.0 mg/kg
NR 3.0mg/kgQW  Mean: 25.4 Mean: 0.6 No
QW x 4
SD:3.5 SD: 0.6
. Med: 15.5, Med: 2.2
>2 times/ 3.0 mg/kg
1.5mg/kgQW  Mean: 15.5 Mean: 2.2 No
week QW x 4
SD: 6.1 SD: 0.6
X Med: 2 Med: 0
4 times/ 3.0 mg/kg .
Not informed Mean: 7.3 Mean: 0 No
week QW x 4
SD:7.3 SD:0.2

Table legend: *Related to emicizumab only; # People with hemophilia A without and with inhibitors; ABR = annualized bleeding rate; ADA = anti-drug
antibodies; BPA = bypassing agents; BU = Bethesda units; HA = hemophilia A; QW = weekly; M = male; Med = median; NR = not reported/not possible to be
inferred; NRCT = non-randomized controlled trial; RCT = randomized controlled trial; SD = standard deviation; USA = United States of America.

studies included only some of the participants in the intra-indi-
vidual analysis of ABR, thus presenting partial results of emi-
cizumab prophylaxis versus BPA prophylaxis. In Shima et al.,*
Misgav et al.,” and McCary et al.,* comparisons involved only
PwHAI on prophylaxis.

Opverall, data of 56 European, Asian, and Central American
male PwHAI were analyzed. We could not characterize the over-
all age range, HA severity, or inhibitor titer because some publi-

cations did not discriminate the data.

Treatment regimens

The treatment regimens with emicizumab in the included pub-
lications consisted of loading doses of 3.0 mg/kg weekly for a
month.'>"**2¢ The maintenance regimens consisted of weekly
1.5 mg/kg injections in most of the publications.’>'**?* McCary
et al.?* did not specifically describe this information, mention-

ing that the regimens were either weekly, every 2 weeks, or every

4 weeks. The BPA prophylaxis regimen before study entry was par-
tially detailed in two publications, in which 14 PwHAi received
prophylactic BPA four times/week,” or at least two times/week.”

Risk of bias assessment

The evaluation of the risk of bias is described in Supplementary
Figure 1. In two controlled trials, PwHAI on episodic treatment
with BPA were evaluated together with PwHAIi on BPA prophy-
laxis.'>" In addition, in the study by Oldenburg et al.,' the ran-
domization method was not explained, and the assessors were
not blinded. None of the publications adjusted the outcomes for
potential confounding factors, such as target joints and disease

severity.'2!32426

Bleeding endpoints
Several methods have been used for bleed evaluation!'?'®

(Supplementary Table 3). ABR for treated bleeds was the only
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common method used in all the publications (Table 2). However,
while the randomized controlled trial, one non-randomized
controlled trial, and cohort studies performed inferential statis-
tics)12,13,25,26
et al.
Oldenburg et al.'> have reported that 80% of PwHAi on emi-

cizumab prophylaxis experienced a reduced median ABR for

only a descriptive analysis was performed by Shima

treated bleeds compared to those on BPA prophylaxis. Young
et al.’® described that emicizumab prophylaxis prevented more
bleeding than BPA prophylaxis. Shima et al.** have reported
a higher efficacy of emicizumab prophylaxis than BPA pro-
phylaxis, with the median ABR for treated bleeds reduced to
zero. Additionally, all PwHAI in cohort studies experienced

reduced bleeding rates.??¢

ABR for treated bleeds
For the subgroup of PwHAI analyzed by Oldenburg et al.,’?
the median ABR for treated bleeds was 11.5, during BPA

prophylaxis and decreased to zero during emicizumab pro-
phylaxis. In a study by Young et al,” the ABR for treated
bleed was reduced from 17.9 during BPA prophylaxis to zero
during emicizumab prophylaxis. In addition, while the over-
all median ABR for treated bleeds in Shima et al.** was 24.3
among PwHAI on BPA prophylaxis, it decreased to zero dur-
ing emicizumab prophylaxis. Lastly, in cohort studies,”?¢ the
median ABR for treated bleeds was reduced from 2 and 15.5
during BPA prophylaxis to 0 and 2.2 during emicizumab pro-
phylaxis, respectively.

The results of the meta-analysis are presented in Figure 2.
Altogether, all publications'>'***-% reported decreased ABR for
treated bleeds with emicizumab prophylaxis compared to those
treated with BPA prophylaxis (P = 0.0008), with severe heterogeneity
(I* =68.4%) (Figure 2A). A decrease in ABR for treated bleeds with
emicizumab prophylaxis in comparison with those treated with BPA
prophylaxis was also observed when only the PwHAi on the 1.5 mg/

kg weekly emicizumab regimen was analyzed (P = 0.0173),!213%

Figure 2. Forest plot comparing the annualized bleeding rate for treated bleeds among people with hemophilia A and inhibitors on
emicizumab prophylaxis versus bypassing agents prophylaxis in A) all the included publications; B) publications that used the 1.5 mg/kg

weekly regimen for emicizumab prophylaxis; C) cohort studies; and D) controlled trials. FE = fixed effect; RE = randomized effect;
SMD = standard mean deviation; 95%Cl| = 95% confidence interval.




with severe heterogeneity (I* = 71,4%) (Figure 2B), and when only
the cohort studies were evaluated (P = 0.0008),2>% with mild het-
erogeneity (I> = 0.0%) (Figure 2C). Regarding the separate anal-
ysis of controlled trials,'>** no difference in the ABR for treated
bleeds between the treatments was noted (P = 0.1220) (Figure 2D).

Safety
All the publications reported on safety issues regarding emici-
zumab prophylaxis.'>'***%¢ In one trial, five reported thrombotic
events associated with the concomitant use of emicizumab and
high daily doses of aPCC for > 1 day.’? All the cases resolved
after aPCC was interrupted, and two participants resumed emi-
cizumab prophylaxis. Despite the resolution, one participant
died because of bleeding. No other thrombotic events have been
reported in other publications.'***2

Only one publication reported the development of neutral-
izing anti-drug antibodies (ADA) in two PwHAI," one of which
presented a loss of efficacy, leading to discontinuation. The other
individual remained in the trial because his neutralizing ADA
levels were undetectable after 2 months. Moreover, although no
participant in the study by Oldenburg et al.'? tested positive for
ADA, two of them presented with decreased emicizumab plasma
concentrations over time. However, no increase in bleeding was
observed until the end of the study. Other AEs, such as nasopharyn-
gitis, infection-site reactions, headaches, and rhabdomyolysis, were

either mild, moderate, or deemed unrelated to emicizumab., 2132426

DISCUSSION

Meta-analysis of the pooled data from this systematic review
confirmed that emicizumab prophylaxis is superior to BPA
prophylaxis in reducing the ABR for treated bleeds in PwHAI.
Interestingly, meta-analysis of controlled trials sponsored by
pharmaceutical industries did not indicate differences between
emicizumab and BPA as prophylaxis for PwHAI. Differences
were only detected when cohort studies were included in the
pooled data.

Several publications were not included in this review because
we could not separate results from PwHA without and with inhib-
itors, and those receiving episodic and prophylactic treatments
with BPA.#* They have demonstrated that emicizumab prophy-
laxis indeed reduced bleeds in comparison to both previous pro-
phylactic and episodic treatment with factors.?”?* In an Israeli pub-
lication, ABR for treated bleeds decreased from 2 (0-30) during
BPA treatment to 1 (0-3) in PWHAI on emicizumab prophylaxis
compared with previous prophylactic and episodic treatments.”
In addition, although Barg et al.?® did not analyze ABR, they have
reported that almost 65% of PwHAI did not need additional hemo-

static treatment other than emicizumab.

However, some publications still present conflicting informa-
tion, demonstrating a variable response to emicizumab prophylaxis
and a considerable persistent amount of breakthrough bleeds.?*
In a prospective study, half of the patients, including PwHA, still
had bleeds while on emicizumab prophylaxis.”” In addition, Warren
et al.** described a wide variability in bleeding rates in PwHAI
on emicizumab prophylaxis, ranging from 0 to 6.1, although the
majority of events were related to trauma.

Conflicts are not only related to bleeding but also to the safety
of emicizumab. Thrombotic events, some of which are fatal, have
been reported in three publications.'>** The HAVEN 1 controlled
trial detected these events in association with the use of aPCC,
including three thrombotic microangiopathies (TMA), which
led researchers to change treatment protocols for breakthrough
bleeds.'? Since then, no more events have been reported in con-
trolled trials. By contrast, in real-world evaluations, other throm-
botic events continue to be detected, one of them associated with
the use of aPCC 30 days after emicizumab was discontinued.”!
This may be a consequence of the persistence of emicizumab in
the blood for approximately 6 months.> Postmarketing evalua-
tions have also revealed venous thrombosis and one additional
case of TMA in PwHA, although inhibitor status was not pro-
vided.* Moreover, one PwHAI on emicizumab prophylaxis devel-
oped myocardial infarction 36 h after administered with rFVIIa
for a bleeding episode.* These situations expose the need for con-
tinuous monitoring of thrombotic events in order to clarify their
relationship with this new drug.

Another safety issue involves the development of neutralizing
ADA. They were first detected in two PwHAI enrolled in a publi-
cation that included this systematic review.'>"* A case report of a
pediatric PwHAIi has also been published, resulting in emicizumab
discontinuation.*® Furthermore, the development of non-neutral-
izing ADA was also noted in 11 PwHAIi of the HAVEN trials.*
This is an important issue because in case emicizumab no longer
prevents bleeds, BPA prophylaxis needs to be resumed.”

One important aspect of the meta-analysis results was the high
heterogeneity among publications. This finding may be attributed
to differences in study designs,” variations in intervention meth-
ods (dosage and duration),” and publication bias, which could
not be assessed.*

This systematic review had some limitations. First, the small
number of publications included revealed that few studies were
conducted to allow for a more thorough evaluation of PwHAI.
In addition, the number of PwHAi who received BPA prophylaxis
and then switched to emicizumab prophylaxis was small. Second,
the fact that not all publications discriminated data based on inhib-
itor status and prior BPA prophylaxis limited the potential inclu-
sion of comparisons in the meta-analysis. The meta-analysis also

presents limitations. Because of the small number of publications,
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we merged data from controlled trials and cohort studies to inte-
grate the results, which may influence the interpretability of the
findings considering the heterogeneous study designs and quality
of evidence. Additionally, the different dosages, age ranges, and
small populations across studies warrant careful evaluation of the
results. Finally, the difficulty regarding the analysis of AEs was also
an issue, as we were unable to identify which events occurred spe-
cifically in the population of PwHAi under BPA prophylaxis who
switched to emicizumab prophylaxis.

PwHAI have more bleeds and more difficult-to-treat bleeds
than their non-inhibitor counterparts.*** Hence, morbidity,
including hemophilic arthropathy and worse quality of life, and
mortality secondary to hemorrhage are more frequent among
PwHAI than those PwHA without inhibitors.*>*! The BPA prophy-
laxis has an effectiveness of approximately 60%-72%,**** imply-
ing that bleeding events may still occur.* In addition, up to 20%
of the bleeding events in PwWHAi may not be controlled with any
BPA on usual recommended regimens.**** Therefore, the reduc-
tion of ABR due to BPA prophylaxis for PwHAi may not be fol-
lowed by significant joint health and quality of life improvements
and reduced mortality compared with those PwHAI exclusively
treated on-demand.*** The introduction of more effective pro-
phylactic therapeutic (i.e., emicizumab) in the armamentarium
for treating PWHAI may result in better avoidance of hemophilic
arthropathy,*®* assurance of an adequate quality of life,*** and
maintenance of mortality similar to the people without hemo-
philia. Hence, future research should focus on separate analyses
of PwHAI from those without inhibitors, specially evaluating
concurrent (head-to-head) emicizumab and BPA prophylaxes in
a pre-calculated population size, as well as a better description

of prior BPA prophylaxis and AEs.

CONCLUSION

This systematic review and meta-analysis demonstrated that emi-
cizumab prophylaxis was superior to BPA prophylaxis in pre-
venting ABR for treated bleeds in PwHAi. However, the results
should be interpreted with caution because of the small popula-

tion size and potential risk of bias.
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ABSTRACT
BACKGROUND: For more than 30 years, deep brain stimulation (DBS) has been a therapeutic tool for
Parkinson’s disease (PD) treatment. DBS can ameliorate several motor and non-motor symptoms and im-
prove the patients' quality of life.
OBJECTIVES: To analyze the global scientific production of original and review articles on Parkinson’s dise-
ase treatment using deep brain stimulation.
DESIGN AND SETTING: Descriptive, bibliometric study with a quantitative approach.
METHOD: The research protocol was conducted in March 2023 using the Web of Science database.
Six hundred eighty-four articles were included in the analysis. Data were imported into RStudio Desktop
Software, linked to R Software. The Bibliometrix R package, its Biblioshiny web interface, and VOSviewer
software were used for the analysis.
RESULTS: The international production began in 1998. Movement Disorders is the journal with the
largest number of published articles and the most cited. Michael Okun and Andres Lozano are the
authors who produced the most in this area. The University of Florida is the most active affiliated insti-
tution in Brazil. The United States has the largest number of collaborations and is mainly published by
local researchers. In contrast, countries such as the United Kingdom and Canada have a high number
of multi-country publications. The 15 most cited studies predominantly investigated subthalamic nu-
cleus stimulation.
CONCLUSION: DBS for Parkinson's disease is a relatively novel therapeutic approach, with studies that
have expanded over the last twenty-five years. Most scientific production was quantitative and restricted
to specialized journals. The United States, Europe, and China held the most articles.

INTRODUCTION
Parkinson’s disease (PD) is a chronic neurological disorder that affects motor function
and causes tremors, rigidity, and bradykinesia.! Deep brain stimulation (DBS) is a sur-
gical treatment for PD, especially for patients or those who experience significant side
effects. It improves both motor and non-motor symptoms as well as the patient’s quality
of life.?

Research on the use of DBS in the treatment of PD has evolved exponentially over the years.
In the 1990s, stimulation of the subthalamic nucleus (STN) was effective in reducing motor symp-
toms in patients with advanced disease.’* Studies have focused on establishing the best param-
eters for DBS therapy and analyzing its long-term effects.>*

Bibliometric studies are used to assess the impact of research topics, identify research trends,
evaluate researchers and institutions, and inform research policies. Thus, bibliometric studies pro-
vide a way to objectively measure the impact and productivity of research and can help inform

decision-making regarding research policies and funding.

OBJECTIVE
To analyze the worldwide scientific production of original and review articles on Parkinson’s

disease treatment by deep brain stimulation.
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METHODS

Research design

This article is a descriptive bibliometric study with a quantitative
approach guided by the five reccommended steps in bibliometric
research.” Since this is a bibliometric study, no ethics committee
approval was required.

The use of bibliometric analyses has been growing in the field
of health, particularly in neurology. The literature points to biblio-
metric analyses on various topics, such as movement disorders,®
dystonia,’ Parkinson’s disease stem cells,'® and deep brain stimu-
lation. Notably, this type of analysis allows the investigation of
more data than systematic literature reviews, while maintaining

high rigor, scientific soundness, transparency, and replicability.'>"?

Data-gathering period

Scientific articles were searched using an advanced query in the
Web of Science™ (WoS) database on March 19, 2023. WoS was
used in this study because of its international academic recog-
nition. It is considered one of the most comprehensive scientific
bases, that pioneered the aggregation of journals from more than

100 areas of knowledge.™

Selection criteria

Original and review articles published before March 19, 2023,
were included in the study. In addition, documents that deviated
from the scope of the research, opinion articles, reflection arti-

cles, editorials, and case studies were excluded.

Data-gathering

To formulate the search strategy, both controlled and uncon-
trolled descriptors from Medical Subject Headings (MeSH)
were used, along with search operators and wildcard characters.
In WoS, the search included only the titles of the documents, fol-
lowing the approach used in other studies, to increase the search
accuracy of the search and reduce false-positive results.’'?

Thus, the search first resulted in 3434 articles, after filtering and
applying the previously described criteria, 1,698 articles remained,
which had all available information downloaded in text file for-
mat for analysis. Figure 1 shows both the search strategy and the

selection process of the included articles.

Data processing and analysis

The recovered data were imported into RStudio Desktop
Software, 2023.03.0+368 (®Posit
Massachusetts, United States, 2023), linked to R Software, ver-
sion 4.2.3 (The R Foundation, Vienna, Austria, 2023). For the
analysis, we used the Bibliometrix R package (° K-Synth S,

version Software,

Academic Spin-Off of the University of Naples Federico II,

Naples, Italy, 2023) and the Biblioshiny application, which pro-
vides a web interface for Bibliometrix.!¢

In this study, we sought to elucidate on: the number of articles
published per year, the scientific journals that published the most
and those that were most cited, the productivity of authors according
to Lotka’s Law,'” and according to time, the most productive institu-
tions and countries, collaboration rate, the most cited articles, the

conceptual structure, and thematic evolution using KeyWords Plus™.

RESULTS
As described previously, 1,698 articles were analyzed in the pres-
ent study. The search was carried out for the period of 1945 to
2023 and identified the first result of an article published in 1998;
for this reason, the period considered was from 1998 to 2023.
The evolution of scientific production on PD and DBS is shown
in Figure 2, which graphically displays the annual number of pub-
lications in the period studied, demonstrating that international
interest in the subject has been constantly growing, reaching its
peak in 2020 and despite a reduction in 2021, remains high.
When analyzing the articles, 358 scientific journals were iden-
tified. Figure 3A shows a list of the most representative journals

regarding the number of publications. In contrast, Figure 3B shows

Strategy inserted in the Web of Science
TI=((Parkinson* Disease* OR Idiopathic Parkinson* Disease* OR Lewy Body Parkinson*
Disease* OR “Paralysis Agitans” OR Parkinsonism*, Primary*) AND (Deep Brain
Stimulation*))

3434 Documents

I
Applying Filters

Document Type: Original Article and Review

I
1698 Articles

Figure 1. Search strategy used and selection of articles included.
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Figure 3. Scientific journals that published the most articles

and most cited scientific journals.

the most cited journals in the references of the evaluated articles.
The scientific journal Movement Disorders stood out for pub-
lishing the most articles on the subject and being the most cited.
Lotka’s Law (Figure 4) describes the publication frequency of
the authors on a given topic. According to this law, a large pro-
portion of scientific literature is produced by a small number of
authors and the production of many small producers is equal to a
small number of large producers. In this study, the articles evalu-
ated were produced by 5,923 authors. Among them, 65% published
only one article, 32% published two to eight articles, and 3% pub-
lished 9 to 52 articles, demonstrating compliance with Lotka’s law.
Figure 5 shows the production (article publications) of the
15 principal authors over time. In this figure, the size of the bub-
ble is proportional to the number of articles (larger bubbles indi-
cate a more significant number of articles) and the intensity of the
color is proportional to the total citations (TC) per year (dark blue
indicates a more significant number of citations). In terms of the
number of articles, Michael Okun (n = 52) was the most produc-

tive author, followed by Andres Lozano (n = 50), Jens Volkmann

Figure 4. Productivity of scientists according to Lotka’s Law.

Figure 5. Top - Authors’ production over time.




(n =45), Patricia Limousin (n = 43), and Guenther Deuschl (n = 38).
Consequently, the most cited were Andres Lozano (n = 98), Jens
Volkmann (n = 112), and Guenther Deuschl (n = 99), with more
than 90 citations.

When evaluating the authors’ affiliations, 1,863 institutions
were identified. Therefore, Figure 6 presents the institutions most

involved in research on the subject according to the co-occurrence
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Figure 6. Institutions most involved in research on the subject.

of these institutions at the authors’ addresses. Notably, the same
institution can be present more than once in each article. The results
showed that 1,021 (54.8%) institutions appeared only once. Authors
from the University of Florida were the most active on this research
topic, appearing 150 times.

Researchers who published on the subject were from 55 coun-
tries. The geographic distribution of the articles is shown in
Figure 7. The value obtained was based on the co-occurrence of
countries according to authors’ affiliations, which explains why
the frequency was greater than the number of articles evaluated.
In the figure, shades of blue, from lightest to darkest, indicate
an increase in local authors, while gray indicates the absence of
local authors.

When evaluating the collaboration rate (the ratio between the
number of multi-country collaborations and the total number of
articles attributed) based on the affiliation of the corresponding
author (Table 1), it is evident that despite having carried out the
highest number of collaborations, the United States mainly pub-
lished with local researchers. In contrast, countries such as the
United Kingdom and Canada have high rates of multi-country
publications (51% and 50%, respectively).

A total of 1,698 articles were cited 18,591 times, averaging
31.42 citations per item. The 15 most-cited articles ranged from
1,885 to 437 (Table 2). These articles were published in eight dif-
ferent journals between the years 2001 and 2010.

Figure 7. Scientific production by country according to authors’ affiliation.



Table 1. Production and collaborations of countries according
to the corresponding author

Rank Country Articles SCP MCP MCP_Rate
United States 435 353 82 19%
2 China 192 162 30 16%
3 Germany 170 123 47 28%
4 Italy 929 80 19 19%
5 France 92 66 26 28%
6 United Kingdom 92 45 47 51%
7 Canada 70 35 35 50%
8 Netherlands 55 38 17 31%
9 Japan 53 50 3 6%
10 Korea 51 45 6 12%
1 Spain 39 34 13%
12 Switzerland 35 23 12 34%
13 Australia 34 26 8 24%
14 Sweden 30 16 14 47%
15 Brazil 25 16 9 36%

Country = Country of the corresponding author’s affiliation; Articles =
Number of articles per country of corresponding author’s affiliation;
SCP = Single Country Publication; MCP = Multi-Country Publication;
MCP_rate = Multi-Country Publication rate.

In bibliometric research, keywords can summarize the focus
of articles and determine which subjects are being addressed, that
is, their conceptual structures. ** Thus, to demonstrate the con-
ceptual structure of the articles, the 50 most frequent KeyWords
Plus™ were used to create Figure 8 (using the Leiden clustering
algorithm), where the size of each box is proportional to the fre-
quency of the term (the more a term appears, the larger its size
will be).** In the figure, the formation of just one cluster can be
observed, demonstrating the centrality of the topic, with terms
that refer to structures targeted in DBS surgery for treating PD,
especially the subthalamic nucleus.

When observing the evolution of the theme (Figure 9),
using the most frequent Keywords Plus™ again, it is evident
that the first publications were more restricted (1998-2011),
encompassing terms such as subthalamic nucleus (STN) stim-
ulation, basal ganglia, dysarthria, high frequency, and duode-
nal infusion of levodopa. However, recently (2021-2023), there
has been diversification in studies on PD and DBS, address-
ing targets, outcomes, quality of life, non-motor symptoms,

and balance.

Table 2. Ranking of the most cited published articles on the subject.

Rank Author (year), Journal Title Total Citations (TC)

1 Deuschl G et al. (2006), A randomized trial of deep-brain stimulation for Parkinson’s disease 1885
N Engl J Med '®

- Obeso JA et al. (2001), Deep-brain stimulation of the subthalamic nucleus or the pars interna of the globus -
N Engl J Med ™ pallidus in Parkinson’s disease.

3 Weaver FM et al. (2009), Bilateral deep brain stimulation vs. best medical therapy for patients with advanced 1025

JAMA-J Am Med Assoc® Parkinson’s disease: a randomized controlled trial

P Benabid AL et al. (2009), Deep brain stimulation of the subthalamic nucleus for the treatment of o
Lancet Neurol #' Parkinson’s disease

5 Follett KA et al. (2010), Pallidal versus subthalamic deep-brain stimulation for Parkinson’s disease 862
N EnglJ Med 2

6 Rodriguez-Oroz Mc et al. (2005), Bilateral deep brain stimulation in Parkinson’s disease: a multicentre study with 4 -

Brain years follow-up
7 Little 5 et al. (2013), Adaptive deep brain stimulation in advanced Parkinson’s disease 715
Ann Neurol %
8 Bronstein JM et al. (2011), Deep brain stimulation for Parkinson’s disease: an expert consensus and review of ==
Arch Neurol-Chicago % key issues
9 Stefani A et al (2007), Bilateral deep brain stimulation of the pedunculopontine and subthalamic nuclei in 541
Brain 2¢ severe Parkinson’s disease
. Kumar R et al. (1998), Double-blind evaluation of subthalamic nucleus deep brain stimulation in advanced 500
Neurology ¥ Parkinson’s disease

" Williams A et al. (2010), Deep brain stimulation plus best medical therapy versus best medical therapy alone for 493
Lancet Neurol 28 advanced Parkinson’s disease (PD SURG trial): a randomized, open-label trial

12 By AL Ll (2,003)' Deep brain stimulation for Parkinson’s disease 486

Curr Opin Neurobiol #

13 Witt K et al (2008), Neuropsychological and psychiatric changes after deep brain stimulation for Parkinson’s 445
Lancet Neurol 3 disease: a randomized, multicentre study

14 Odekerken VJJ et al. (2013), Subthalamic nucleus versus globus pallidus bilateral deep brain stimulation for 437
Lancet Neurol®' advanced Parkinson’s disease (NSTAPS study): a randomized controlled trial

15 Okun MS et al. (2009), Cognition and mood in Parkinson’s disease in subthalamic nucleus versus globus 375

Ann Neurol 32

pallidus interna deep brain stimulation: the COMPARE trial
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Figure 8. The conceptual structure according to KeyWords Plus™.

Figure 9. Thematic evolution according to KeyWords Plus™.
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DISCUSSION

This bibliometric analysis included articles that addressed the
treatment of PD using deep brain stimulation for almost three
decades (1998 2023). Notably, from 1990 to 2019, the number
of patients diagnosed with PD increased from 2.5 million to
6.1 million globally, owing to population aging and environmen-
tal factors, which may have favored this growing incidence.*

The growing trend in annual publications indicates continued
investment in DBS research for the treatment of PD. However, after
2020, there has been a decline in the number of publications despite
growing scientific interest. The explanation for this decrease in
studies may be related to the COVID-19 pandemic, which may
have delayed the progress of research protocols because research
related to the subject requires complex methodological designs
that take time to execute and publish.

Regarding scientific journals with the most publications and
citations, it was noted that they were mainly dedicated to neuro-
science. Only one of the 15 most-cited journals (New England
Journal of Medicine) was identified as a general medical journal.
In addition, among the 15 journals that published the most arti-
cles, seven were also among the most cited. These findings indi-
cate the predominance of journals in the subspecialty mentioned
above, which excel in terms of the quantity and quality of pub-
lished articles.

Although many authors have participated in producing evi-
dence, most have published only one article (65%) and are con-
sidered occasional researchers in the area. Therefore, according to
Lotka’s Law, this theme must be consolidated. This law estimates
that only 60% of authors produce a single document in consoli-
dated areas, with an average of 3.5 documents per author. In the
present study, 1,146 authors published 3.52 articles.'®

Notably, the most productive author, Michael Okun, appeared
twice in the citation ranking,>* with the most cited article of his
career owning 575 citations and ranking eighth among the most
cited.” The second most productive author, Andrés Lozano, has
five articles among the most cited, and his most cited article has
1161 citations.?*>?’

Most of these authors began publishing extensively after 2010.
Lozano has the longest timeline, spanning from 1998 to 2023, and
has been active in the field for almost three decades. Simultaneously,
scholars such as Elena Moro, ] Volkmann, Leonardo Lopiano,
Marjan Jahanshahi, Limousin, and Deuschl, maintain their sci-
entific activity in the area for long periods. Other authors, such
as Jianguo Zhang and Alfonso Fasano, who are currently among
the main researchers in the area, began publishing their research
after 2010.

The University of Florida and the University of Toronto
have prominent positions among the institutions that have con-

ducted the most research on the subject, contributing consistent

and systematic articles on the topic. It is essential to highlight
that Michael Okun, from the University of Florida, and Andrés
Lozano, from the University of Toronto, have already published
together,”® demonstrating the importance of teamwork with dif-
ferent research centers of excellence, which have been publishing
consistently for decades.

Although authors from different countries contributed, most of
them were from the United States, China, and Europe (Germany,
France, Italy, and the United Kingdom). However, the fact that
the United States has the highest number of authors and a low
collaboration rate is noteworthy, suggesting that its protocols are
predominantly conducted between local institutions and are not
shared with other countries.

Advanced PD has become the most studied and common indi-
cation for DBS, using different targets. The 15 most cited articles
were related to STN stimulation. Of these, seven compared the
STN to the Globus Pallidus Internus (GPi),?-?*?%31:32 which con-
firmed that these are the two most common targets for DBS and
are both components of the basal ganglia-thalamo-cortical loop.
Furthermore, stimulation of these sites has been associated with
significant improvements in the cardinal motor signs of PD, includ-
ing tremors, bradykinesia, and rigidity.*’

The pedunculopontine nucleus (PPN) has also been evaluated
and studied to treat axial symptoms refractory to levodopa, such as
freezing of gait. However, it is an important study because this target
is not yet well established and is still in the experimental phase.*

Among the most cited articles, three validated instruments
were identified to assess the quality of life of patients with PD.
These instruments include the Parkinson’s Disease Questionnaire
39 (PDQ-39),'** the Unified Parkinson’s Disease Rating Scale
(UPDRS),"? and the Parkinson’s Disease Quality of Life question-
naire (PDQL).*! Other studies have associated the PDQ-39 with
the Short Form-36 (SF-36)*° and the PDQ-39 with the UPDRS.?
Finally, one article described the quality of life in a general way.?

It is noteworthy that for the evaluation of patients, it is recom-
mended to associate general and specific instruments with eval-
uating different aspects of quality of life, producing both general
data, which facilitate comparisons between different conditions,
and related data, specifically on the impact of the disease on qual-
ity of life.’” However, this association was verified in only one of
the most cited studies.?

Although not present in Figure 3A, the scientific journal
“Lancet Neurology,” with the first edition released in October
1823 (Journal Citation Reports™ 2021:59.935), appeared four times
in the list of most cited articles. Another scientific journal that
gained prominence among publications was “The New England
Journal of Medicine,” published uninterruptedly for more than
200 years (Journal Citation Reports™2021:176.082) and appeared

three times in the list of the 15 most cited articles. These findings



demonstrate the great scope of these two journals, which are highly
relevant to the medical field.

When analyzing the conceptual structure, terms that have
already been developed in depth were found to refer to traditional
areas related to the study of targets, including the STN, GPj, and
basal ganglia. These findings reaffirm the central role that studies
on potential targets have played in the subject studied, which has
already been addressed when discussing the most cited articles.

The analysis also revealed emerging themes related to DBS
in patients with PD, including drug therapy, levodopa, follow-up,
and quality of life. This has been gaining prominence as the fol-
low-up of these patients brings up relevant questions about their
evolution, such as the combination of drug adjustment with neu-
romodulation, the importance of considerations about levodopa
before and after surgery, and the follow-up of these patients with
particular attention to the quality of life, which will ultimately
define the success of the treatment.

Through temporal analysis, the trend in the evolution of studies
is evident. At the beginning of the research, the study of DBS tar-
gets within the thalamocortical basal ganglia loop predominated,
with emphasis on the STN, evolving over the years to the approach
of cardinal symptoms. Studies have also begun to address axial
symptoms (more common in advanced PD), non-motor symp-
toms, and patients’” quality of life.

Finally, it should be noted that this study has some limitations,
considering that only a single database, WoS, was used. Although
itis a reference platform for scientific citations intended to support
scientific and academic research, it does not cover all the available

scientific literature.

CONCLUSION

In the bibliometric analysis of DBS in treating PD, it was observed
that the publication of articles increased until 2020 and has been
declining since then. The top scientific Journal was Movement
Disorders, with the highest number of publications and citations.
Michael Okun and Andrés Lozano have published the most
number of articles.

The institutions that concentrated most on authors were the
University of Florida and the University of Toronto; however, it
was noted that these authors mainly came from countries in the
Northern Hemisphere. The most cited articles and conceptual struc-
ture demonstrated the focus of studies on the results of surgery,
with the GPiand STN described as the primary targets. When con-
sidering the temporal analysis, it became evident that recent stud-
ies’ addressed axial symptoms (more common in advanced PD),
non-motor symptoms, and patients’ quality of life.

Further studies with larger patient cohorts and more random-
ized controlled trials are required to further elucidate the long-term

benefits of this technology on motor symptoms and quality of life.
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ABSTRACT
BACKGROUND: The human telomerase reverse transcriptase (hTERT) enzyme, encoded by the hTERT
gene, synthesizes protective telomeric sequences on chromosomes and plays a fundamental role in can-
cer formation. Methylation of the hTERT gene has an upregulatory effect, increasing hTERT enzyme synthe-
sis and allowing continuous tumor cell division.
OBJECTIVE: In a group of patients with breast cancer, we aimed to analyze the methylation status of h"TERT
in the tumor, surrounding tissue, and circulating free deoxyribonucleic acid (cfDNA) of blood collected on
the day of mastectomy and then approximately one year later.
DESIGN AND SETTING: A prospective study was conducted at a university hospital in Rio de Janeiro, Brazil.
METHODS: Samples were collected from 15 women with breast cancer on the day of mastectomy and
approximately one year postoperatively. cfDNA was analyzed by sodium bisulfite conversion, followed by
polymerase chain reaction, electrophoresis, and silver nitrate staining.
RESULTS: Methylation of hTERT was detected in the tumors and surrounding tissues of all 15 patients.
Five patients displayed hTERT methylation in the cfDNA from the blood of the first collection. Of the ten
patients who returned for the second collection, three showed methylation. Two patients with meth-
ylation in the first collection did not display methylation in the second collection. One patient with no
methylation in the first collection displayed methylation in the second collection, and one patient had a
diminished level of methylation in the second collection.
CONCLUSION: Only one-third of patients displayed methylation in their cfDNA, which may be related to
the success of chemotherapy.

INTRODUCTION
Telomeres are repetitive deoxyribonucleic acid (DNA) sequences found at the ends of chromo-
somes that protect the chromosomes from degradation and ensure their stability. In each round
of normal cell division, telomeres shorten, leading to cellular senescence and, on critical short-
ening, eventual cell death."” Human telomerase reverse transcriptase(hTERT) is an enzyme that
synthesizes telomeric DNA sequences.’ The hTERT enzyme is encoded by the h'TERT gene and
contains both a protein component and a ribonucleic acidcomponent.” The A”TERT gene is not
expressed in normal postnatal somatic cells, but its expression is elevated in stem, germ, and
cancer cells.* The expression of hTERT in cancer cells allows their continued division, main-
tains telomere length, and inactivates apoptosis. Various mechanisms enhance the regulation
of WTERT in tumors, including amplifications, structural changes, mutations, and epigenetic
changes.’ Epigenetic changes are DNA modifications, such as methylation, that do not alter the
base sequence but may affect DNA expression. Methylation involves the addition of a methyl
group to the cytosine base of cytosine-guanine dinucleotides.®

Circulating cell-free DNA (cfDNA) is single or double-stranded extracellular DNA that is
released into the bloodstream as a result of cell apoptosis, necrosis, and secretion.® Increased lev-
els of cfDNA and epigenetic changes are commonly observed in cancer patients and are associated
with the progression of the disease and response to treatment.”® In cancer patients, cfDNA con-
tains sequences from tumors which can serve as biomarkers for early-stage detection or for guid-
ing therapy.*'° A better understanding of cfDNA properties, in particular the methylation status,

could guide future protocols for monitoring tumor composition and stage." In addition, cfDNA
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analysis allows cancer screening through liquid biopsy,”® which has
multiple advantages over tissue biopsies, such as not being limited

to a single observational region, less invasiveness, and lower cost.'?

OBJECTIVE

This study aimed to investigate the methylation status of the
hTERT gene in the tumors, surrounding tissues, and cfDNA of
patients with breast cancer. Furthermore, the methylation status
of hTERT in the cfDNA from blood collected on the day of mas-
tectomy was compared with that from blood collected approxi-
mately one year later. To the best of our knowledge, this is the first
study to track hTERT promoter methylation in cfDNA obtained

at two different time points after breast cancer treatment.

METHODS

Study design and patient recruitment

This prospective study included 15 women aged 44 to 78 years
(mean age 56.7 £ 9.6 years) diagnosed with breast carcinoma.
Patients were admitted to the Institute of Gynecology, Universidade
Federal do Rio de Janeiro, Brazil. All women underwent a total
mastectomy as part of their treatment. Before surgery, patients were
invited to voluntarily participate in the study, and those who agreed
to participate signed a consent form after receiving all further clari-
fications. Recruitment took place between October 2018 and July
2021.The sample size was determined based on the availability of
patients who met the study criteria during the recruitment period.

Data collection and ethical approval

Demographic and clinical data were obtained from the patients’
medical records. This study was approved by the Clinical Research
Ethics Committee of Hospital Universitario Clementino Fraga
Filho, Universidade Federal do Rio de Janeiro, Brazil. Certificate:
(CAAE) # 91406118.6.0000.5257, August 29, 2018.

Material collection

During mastectomy, sections measuring approximately 1 cm® were
collected from the tumor and surrounding tissue of each patient for
DNA analysis. In addition, 5 ml of peripheral blood was collected to
analyze cfDNA. Another blood collection was made approximately
one year later for the second cfDNA analysis. Sample collection and
histopathological examination were performed at the Institute of
Gynecology. Molecular analyses were performed at the Laboratdrio de
Patologia Molecular, Hospital Universitdrio Clementino Fraga Filho.

Circulating free DNA extraction
DNA was extracted from fresh blood serum using a Quick-gDNA
MiniPrep kit (Zymo Research, Orange County, United States), n°

D3024, according to the manufacturer’s standard protocol.

Extraction of DNA from the tumor and surrounding tissue
DNA extraction from the tumor and surrounding tissue was
performed as previously described by McCormick et al,"
using the Ultra Pure™ Phenol: Chloroform: Isoamyl Alcohol kit
(Invitrogen™, Carlsbad, United States) Cat. No. 15593-031.

Methylation mechanism

DNA samples were modified with sodium bisulfite and ana-
lyzed using the Methylation-Specific Polymerase Chain Reaction
method. DNA modification was performed using an EZ DNA
Methylation-Gold™ Kit (Cat. No: D5005 Zymo Research,
Orange County, United States), according to the standard proto-

col established by the manufacturer.

Polymerase chain reaction (PCR)

To confirm the integrity of the DNA extracted from the sam-
ples, a fragment of exon 5 of the p53 gene was amplified by poly-
merase chain reaction (PCR). The amplification reaction was
performed according to Pestaner et al.,'* generating a 274-base
pair product. For the hTERT amplification, two pairs of prim-
ers were used as follows: WTERT-U(unmethylated) forward,
5'-GAGGTATTTCGGGAGGTTTCGC-3' and hTERT-Ure-
verse, 5-ACTCCGAACACCACGAATACCG-3' producing a
fragment of 126 base pairs,”” and h"TERT-M (methylated) for-
ward, 5'-GGAGGTATTTTGGGAGGTTTTGT-3'and hTERT-M
reverse, 5’CAAACTCCAAACACCACAAATACCA-3' produc-
ing a fragment of 121 base pairs.”® PCR conditions were: initial
denaturation at 96°C for 7 min followed by 35 cycles of 95°C for
1 min, 62°C for 1 min, and 72°C for 1 min. The final extension

step was performed at 72°C for 5 min.

Gel electrophoresis and staining

PCR products were electrophoresed on 10% polyacrylamide
gels. along with a negative control and a DNA marker. Gels were
stained by the silver nitrate method.'® Briefly, the DNA-
containing gels were first fixed with ethanol and acetic acid, fol-
lowed by impregnation with silver nitrate, and finally, incubation

in sodium hydroxide and formaldehyde to reveal the DNA bands.

RESULTS

Methylation of the "'TERT gene was detected in all 15 patients
in tumor cells and surrounding tissues (Figures 1A and B).
Five patients (1, 3, 8, 13, and 14) displayed h'TERT methylation
in cfDNA from the blood of the first collection (Figure 1C).
Two patients died after the first blood collection and three failed
to return for the second blood collection for other reasons.
Of the ten patients who returned for the second blood collection,
three (8, 10, and 14) displayed h'TERT methylation (Figure 1D).
Methylation of h'TERT was measured in patients 3 and 13in the



first collection, but not in the second collection. Patient14 dis-
played less methylation in the second collection than in the first.

Figure 2 shows the total breast section removed from a patient
(A), the tumor fragment (B), and the fragment of the surround-
ing tissue (C).

U = unmethylated, M = methylated. tDeath after the first collection;
“No return to the second collection for reason other than death;
C- DNA negative control.

Figure 1. Methylation of the human telomerase reverse
transcriptase (hTERT) gene. Numbers correspond to patients.
A) tumor; B) tumor surrounding tissue; C) blood of the first
collection; D) blood of the second collection.

Figure 2. A) total breast section; B) tumor fragment;
C) fragment of tumor-surrounding tissue. The top of the ruler
is graduated in centimeters.

Table 1 shows the methylation panel of the h”TERT gene in
tumors, surrounding tissues, and blood cfDNA from the first and
second collections.

Table 2 shows the patients’ age and clinical data (type of treat-

ment and tumor stage).

DISCUSSION

The hTERT enzyme (encoded by the h'TERT gene) plays a fun-
damental role in cancer formation by extending telomeres,
thereby allowing tumors to avoid cellular senescence and apop-

tosis.”” Activity of hTERT is apparent in many cancers, but its

Table 1. Panel of the hTERT gene methylation status

Patient Tumor Tumor-s‘urrounding cfDNA of blo?d cfDNA of bloot:'I of
tissue of first collection second collection

1 M M M Death

2 M M U Death

3 M M M U

4 M M U u

5 M M U u

6 M M U U

7 M M U NR

8 M M M M

9 M M U NR

10 M M U M

11 M M U NR

12 M M U u

13 M M M u

14 M M M M

15 M M U u

hTERT = human telomerase reverse transcriptase; M = presence of methylated
hTERT; U = no presence of methylated hTERT; NR = no return for second blood
collection for reasons other than death; cfDNA = circulating free DNA.

Table 2. Age and clinical data of patients

Patient Age Treatment TNM stage
1 53 NC T4b N2 Mx
2 73 WD WD

3 50 NC WD

4 44 NC T3 NO MO
5 49 NC CT3 CN2 CMO
6 59 NC T4 NO Mx
7 44 NC T4B N1 Mx
8 49 NC T3 N1 Mx
9 78 WD WD

10 57 No treatment T4 NO Mx
1 57 NC T4 N1 Mx
12 56 NC T4B NO
13 59 Chemotherapy T3 N1 MO
14 54 No treatment T4b N2 Mx
15 69 NC T3 NO MO

TNM = tumor, node, metastasis; NC = neoadjuvant chemotherapy; WD = TNM
stage not described in the records.
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Taheri M, Ghafouri-Fard S, Najafi S, et al. Hormonal regulation of

expression is not observed in normal somatic cells. In contrast

to other cancer-related genes, methylation of the hTERT pro-
moter region does not lead to gene silencing, but instead hasan 4.
telomerase activity and hTERT expression in steroid-regulated tissues
and cancer. Cancer Cell Int. 2022,22(1):258. PMID: 35974340; https.//
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upregulatory effect, increasing hTERT protein synthesis in tumor
cells.”” For example, Haraguchi et al showed that hypermethyl-
ation of the hTERT gene in oral squamous cell carcinoma posi-
tively regulated hTERT enzyme synthesis, which was confirmed 5. Ledo R, Apoldnio JA, Lee D, et al. Mechanisms of human telomerase
reverse transcriptase (hTERT) regulation: clinical impacts in cancer. J
Biomed Sci. 2018;25(1):22. PMID: 29526163; https://doi.org/10.1186/

$12929-018-0422-8.

by immunohistochemistry.*®

According to the scientific literature, changes in DNA methyl-
ation are an early event in tumorigenesis.'® For instance; one study
showed that changes in methylation were detected in plasma four 6. Pfeiferova L, Safarikova M, Ulrych J, et al.Circulating Cell-Free DNA
years before clinical diagnosis.'® Our study investigated the "TERT Extraction from Liquid Biopsy for Cancer Research. Folia Biol.
2022,68(4):153-7. PMID: 36871171.

Hassan F, Wang JH, Cullinane C, et al. Assessment of cell-free DNA

gene methylation status in breast cancer patients. DNA was extracted

from tumors, surrounding tissues, and peripheral blood (cfDNA). 7.
The analyses revealed h'TERT hypermethylation in tumors and sur- (cfDNA) concentrations in the perioperative period can predict risk
rounding tissues of all patients. This is very similar to the results of recurrence in patients with non-metastatic breast cancer. Surg
Oncol. 2022;42:101753. PMID: 35594723; https://doi.org/10.1016/j.

suronc.2022.101753.

reported by Masood et al.,'” who found that 94% of breast carcinomas
displayed hypermethylation levels at least 2-fold higher than those
measured in normal breast tissue. In contrast, in our study, only five 8.
of the fifteen patients presented ”TERT methylation in their cfDNA.

Stejskal P, Goodarzi H, Srovnal J, et al. Circulating tumor nucleic acids: biology,
release mechanisms, and clinical relevance. Mol Cancer. 2023;22(1):15.
PMID: 36681803; https://doi.org/10.1186/512943-022-01710-w.
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This may be due to the efficacy of neoadjuvant chemotherapy before

mastectomy; a successful treatment tends to considerably diminish 9.
the release of tumor cfDNA into the bloodstream. Furthermore, two for the analysis of cell-free DNA in cancer diagnostics. Nat Biomed Eng.
2022;6(3):232-45. PMID:35102279;https://doi.org/10.1038/s41551-021-

00837-3.

patients (3 and 13) displayed methylation in the first blood collec-
tion but not in the second, which may also be indicative of the suc-
cess of treatment before surgery. Similarly, patient 14 showed less ~ 10. Gao Q Zeng Q Wang Z, et al.Circulating cell-free DNA for cancer early
detection. Innovation. 2022;3(4):100259. PMID: 35647572; https://doi.
0rg/10.1016/jxiNn.2022.100259.

methylation in the second collection than in the first, suggesting

the effectiveness of neoadjuvant chemotherapy in reducing tumor

cfDNA release into the bloodstream. 11. Birknerova N, Mancikova V, Paul ED, et al. Circulating Cell-Free DNA-
Based Methylation Pattern in Saliva for Early Diagnosis of Head and
CONCLUSION Neck Cancer. Cancers. 2022;14(19):4882. PMID: 36230805; https://doi.

Our finding that only one-third of patients displayed methylation 0rg/10.3390/cancers14194882.

in their circulating DNA may be related to the success of chemo- 12. Chantre-Justino M, Delmonico L, Lage C, et al. Tracking the history of
therapy. These results suggest that analysis of hTERT methylation circulating nucleic acids for cancer research in Brazil: A systematic review.
Braz J Health Biomed Sci. 2021;20(2):135-43. https://doi.org/10.12957/
bjhbs.2021.63966.

Further studies are required to analyze the methylation of other 13. Maccormick TM, Carvalho CES, Bravo Neto GP, Carvalho MGC.

in cfDNA could be useful in the follow-up of patients with breast
cancer and in the evaluation of their response to treatment.
cancer-related genes in the cfDNA of patients with breast cancer. Comparative analysis of glutathione transferase genetic polymorphism,

Helicobacter pylori and Epstein-Barr virus between the tumor area and
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