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Abstract

Objective: To analyze the temporal evolution of the pattern of hospital use in the context of the COVID-19
pandemic in Brazil.

Methods: This retrospective observational study compared hospital use and mortality in the Brazilian Unified Health
System (SUS) in the first six months of the COVID-19 pandemic with the year before the onset of the pandemic in
six Brazilian capitals (Sdo Paulo, Rio de Janeiro, Manaus, Fortaleza, Recife, and Brasilia). It was based on secondary
administrative data from the SUS Hospital Information System (SIH), focusing on the number of hospitalizations per
fortnight, age, and gender of patients, hospital length of stay, and the proportions of surgical, elective, with the use
of ICU, and resulting in death hospitalizations. It also compared the number of hospitalizations and mortality related
to frequent diagnostic groups.

Results: A significant drop was identified in the number of hospitalizations as of March 2020, with the first peak of
COVID-19 hospitalizations in five capitals recorded in May 2020. In the six capitals, we observed significant
reductions in the mean number of hospitalizations per fortnight from the beginning of the pandemic. We also
identified an increase in the mean age of the patients and the proportion of male patients. The proportion of
surgical and elective hospitalizations dropped significantly in all capitals, while the proportion of hospitalizations
with ICU use increased significantly. Significant increases in-hospital mortality were also recorded in the six capitals
with the pandemic, including or excluding COVID-19 hospitalizations from the comparison.

Conclusion: The pandemic caused changes in the pattern of use and hospital indicators in the first six months in
the cities considered, evidencing the need for attention to diseases with a hospital production altered by the
COVID-19 course and health system performance problems in the face of challenges.
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Introduction

In general, the pattern of use of hospital services depends
on the characteristics of the population’s health needs and
the provision of services. While adequate and timely ac-
cess to other levels of care can avoid unnecessary or ex-
cessive use, effective hospital care plays an important role,
whether in situations of deteriorating chronic conditions,
elderly patients, or emergency cases. Dependent on inten-
sive hospital care, this demand compounded in the con-
text of the COVID-19 pandemic potentially impacts
patients’ access to other needs and the effectiveness of the
care provided. Considering the perennial challenge about
varying practice and utilization pattern [1], the pandemic
setting has also been envisioned as a “trial” to sensitize
people to the problems arising from overuse and low-
value care affecting the quality and sustainability of health
systems [2, 3]. However, this same scenario provides other
elements that can contribute to insufficient use and in-
equalities in access and outcomes [3, 4].

Countless studies describe the excessive number of
deaths from COVID-19 in the recent period, but also
due to other causes [5-8], some even emphasizing a
higher number of unassisted home-bound deaths [9, 10].
Woof et al. [5] estimated the excess of 87,001 deaths, of
which 65% were attributable to COVID-19, and 35%
were unexplained. While data may show some inaccur-
acies, it has been suggested that people avoid seeking
care for fear of infection. On the other hand, social dis-
tancing measures may affect the reduction of vehicle
traffic and, consequently, morbimortality due to acci-
dents and use of emergency services [11]. Changes in
hospital morbidity are expected besides the mortality
profile. For example, surgeries represented 50% of hos-
pital capacity in the U.S. between March and April 2020,
partly due to the suspension of elective procedures and
other non-urgent care [12]. Concomitantly, there is evi-
dence of a drop in acute clinical hospitalizations during
pandemic escalation, such as stroke, acute myocardial
infarction, or diabetes, raising questions about the im-
pact on health conditions and people’s access with needs
unrelated to COVID-19 [12-17].

From the viewpoint of service and care organization,
cardiovascular problems, cancer, and elective surgery
care plans were seemingly postponed, representing a
pent-up demand to be met in the medium term [4, 16,
18-20]. The search for hospital care for acute problems
seems to have grown when the outbreak was minimized.
However, this has not yet been widely observed [15] in
the case of chronic diseases. While part of these hospi-
talizations can be considered unnecessary due to exces-
sive use [1], the continuity and coordination of care for
these patients is a concern. Some authors have even
been predicting the deterioration of the health condition
and possible loss of care effectiveness [21].
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Thereby, considering the challenges for providing hos-
pital care to COVID-19 and non-COVID-19 patients,
and notably the unappropriated and uncontrolled man-
agement of this sanitary crisis in the Brazilian context,
damage has resulted from non-COVID-19 healthcare
unmet needs, representing, among other aspects, less ac-
cess to adequate and timely care, and greater risk of ad-
verse results. In different moments, the COVID-19
pandemic in Brazil led the health system to the exhaus-
tion of its installed capacity. Capturing the extension of
the damage and building knowledge to support choices
regarding healthcare reorganization to deal with routine,
unmet needs, and Long Covid new demands imposed is
necessary. Among other elements, it is vital to profile
the utilization pattern in the hospital network of the
Unified Health System (SUS) during this pandemic. To
some extent, it translates into changes in the behavior of
indicators for the use of hospital services, especially in
the number of hospitalizations, intensive care use, length
of stay, case profile, and hospital mortality. Based on this
assumption, this paper aims to analyze the temporal evo-
lution of the pattern of hospital use in the SUS, in the
preceding setting, and during the COVID-19 pandemic,
in Brazilian capitals.

Methods

This was a retrospective observational study comparing
hospital production and mortality in the SUS in the first
six months (February 23rd — September 5th, 2020) of
the COVID-19 pandemic in Brazil with the year before
the onset of the pandemic in six Brazilian capitals. The
analysis was based on ordinary administrative secondary
data from the SUS Hospital Information System (SIH),
obtained from the DATASUS website on January 18,
2021. SIH has national coverage and includes data on
hospitalizations in the SUS, including demographic and
clinical variables related to the care process, payment
amount, and outcome.

According to SIVEP-Gripe, a public and open-access
database of Severe Acute Respiratory Illness records (in-
cluding COVID-19) collected by the Brazilian Ministry
of Health, the cities of Sdo Paulo, Rio de Janeiro, Brasilia,
Fortaleza, and Recife, presented the highest number of
Covid-19 hospitalizations in the period focused. Further-
more, we selected Manaus (ranked number 8 in number
of hospitalizations) because of the severe problems faced
by the city in dealing with the pandemic, including lack
of hospital beds, supplies, and medical personnel. All six
capitals are included in the group of the ten largest capi-
tals in the country, and together account for approxi-
mately 13.7% of the Brazilian population.

The SIH microdata files of each state and Federal Dis-
trict, corresponding to 2019 and for the period from
January to November of 2020, were extracted from
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DATASUS website (http://www2.datasus.gov.br/
DATASUS/index.php?area=0901&item=1&acao=25). Ac-
counting for data beyond September 2020, allowed for
mitigating the loss of hospitalizations with longer lengths
of stay and delays in the flow of information for inclusion
in the SIH. From the database aggregating the files, obser-
vations related to obstetric hospitalizations were excluded,
considering the code of chapter XV of the International
Statistical Classification of Diseases and Related Health
Problems, 10th Revision (ICD-10) registered in the vari-
able ‘primary diagnosis’. All hospitalizations of children
under 18 and older adults aged 100 years, or more were
also excluded.

The temporal segmentation considered as cutoff, the
date of the first official COVID-19 case record in Brazil
(February 26th, 2020), in the ninth epidemiological week
of the year, which started on February 23rd. Fortnightly
periods were defined starting from the ninth epidemio-
logical week of 2020, in which the COVID-19 hospitali-
zations began, behind and ahead: in the first case, 26
fortnights beginning on February 24th, 2019, and the last
ending on February 22nd, 2020; in the second case, 14
fortnights starting on February 23rd and ending on Sep-
tember 5th, 2020. Chronologically numbered, fortnights
1-26 provided the baseline for comparing pandemic
period indicators, starting at fortnight 27.

After data management, the capitals of interest were sep-
arated using the variable ‘municipality of movement’ that
informs the place where the hospitalization took place, con-
sidering their respective codes in the classification of the
Brazilian Institute of Geography and Statistics (IBGE).

In more global terms, comparisons between the period
of the pandemic and the baseline established by the year
preceding its onset were made in each capital, consider-
ing the number of hospitalizations per fortnight, pa-
tients’ age and gender, hospitalization’s length of stay,
the proportion of surgical and elective hospitalizations,
the proportion of hospitalizations with the use of inten-
sive care unit (ICU), and the proportion of hospitaliza-
tions that resulted in death. For the last two indicators,
the comparisons were made considering both all hospi-
talizations and non-COVID-19 only hospitalizations dur-
ing the pandemic. Surgical and elective hospitalizations
were defined by the ‘specialty’ and ‘admission type’ vari-
ables. Following the technical guidelines of the SIH, the
occurrence of COVID-19, in turn, was determined in all
hospitalizations with the primary diagnosis or one of the
secondary diagnoses specified as B34.2 (coronavirus in-
fection of unspecified location) according to ICD-10, be-
sides those whose procedure was “03.03.01.022-3 - NEW
CORONAVIRUS COVID 19 INFECTION TREAT-
MENT”, in force as of April 2020 [22].

We then selected the ten primary diagnoses that ap-
peared among the most frequent in SUS hospitalizations
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in the six capitals, comparing, before and during the first
six months of the pandemic, the number of hospitaliza-
tions and the observed hospital mortality.

The analyses were descriptive, and we obtained means,
standard deviations, and medians of the numerical vari-
ables and absolute and relative frequencies of catego-
rized variables. Means were compared with the t-test,
and Fisher’s exact test was employed to identify associa-
tions between events such as deaths or use of ICU with
the moment of hospitalization, before or during the pan-
demic. The criterion for statistical significance was de-
fined as a = 0.05.

Statistical control charts were also used [23-25] to
visualize surgical and elective hospitalizations, the use of
ICU, and death during the 40 fortnights, assuming the
behavior pattern of the indicators during the first 26
fortnights as a reference for defining the statistical con-
trol “zone”. Such charts presuppose statistical control in
the trend of indicators over time, which can be broken
by positive or negative events. They include the mean
value of the indicator and the statistical control “zone”
conventionally bounded by three standard deviations
below and above the mean value. Changes in the current
pattern can be configured in terms of the deviations
highlighted in the magnitude or variability of the indica-
tor. The technique is simple and allows visualizing ef-
fects on event indicators such as the pandemic.

Managing data, obtaining descriptive statistics, and
drawing charts were facilitated by the Statistical Analysis
System (SAS®) package. For statistical control charts,
‘PROC SHEWHART’ was used with the command
‘pchart’, used for proportions, considering the binomial
distribution.

Results
Looking at the number of hospitalizations between Feb-
ruary 24th, 2019, and September 5th, 2020 in the six
capitals (Table 1), a significant drop is observed from
the fortnight that begins on March 22nd, 2020, with
COVID-19 hospitalizations in May 2020, especially be-
tween the days 03 and 16, reaching proportions of 30.9,
26.8, 45.7, 43.6, and 31.9%, respectively, in Sdo Paulo,
Rio de Janeiro, Manaus, Fortaleza, and Recife. In Brasilia,
the first peak of COVID-19 hospitalizations occurred
comparatively later, between the end of July and early
August, corresponding to 24.5% of the hospitalizations.
In the six capitals, comparisons between statistics in
the year before (baseline) and in the first six months of
the pandemic indicate a reduction in the mean number
of hospitalizations per fortnight, increase in the mean
age of patients and proportion of males, and, except for
Rio de Janeiro, changes (in both directions) in the mean
length of stay. The proportion of surgical and elective
hospitalizations declined significantly in all cities.


http://www2.datasus.gov.br/DATASUS/index.php?area=0901&item=1&acao=25
http://www2.datasus.gov.br/DATASUS/index.php?area=0901&item=1&acao=25

Page 4 of 13

(2021) 21:976

Portela et al. BVIC Health Services Research

90 8l SEle 0T S8 8ver T 0L 18l€ €Tl 68l l€SL Ty €8l ¥lEy 0/ 624 [LT¥0OL 0T0T 4V 0 070T 1B 7T 67
00 T whly €0 6L 0869 L0 € ¥lby TO ¥ 8¢ CO Ll 6865 SO 9/ 0959l 0TOT Jew LT 020 18N 80 8T
00 ¢ 6y 10 v €099 00 L TSy - - 8loz 00 L 0709 L0  OL 60K9L 0ZOT BN L0 020C 994 €¢ T
- T4 A - 689, - - 6 - - l0gC 00 L 099 00 T 191'8l 0207 994 €T 020C 994 60 9
- -y - - $008 - - 8Y0S - - 0T - - 09z, - - €91'8l  070Z 924 80 020z uer 9z 4
- - oqlgy - - [69 - - c66Y - - 06lz 00 L 6£59 00 L 91/l 0T0T uer sg 020z uef ¢l 24
- - 008 - - 6l/9 - - LR - - TElT 00 L8l - - [08%L  0Z0T uer Ll 6107 220 67 €z
- - euE - - g9 - - 886¢ S < - LTES 00 L €/F'YL 6107220 8¢ 6107 220 S e
- - oty - - S8l - - sus - = wwlz - - wu - - w88l 6107224 vl 6107 230 L0 4
- - uor - - 8L - - bl - - %0t - - €599 - - 0/9'71 6L0T AON 0€ 610C AON /1 0T
- - %ly - - 99, - - Ol¥ - - el - - 60 - - WLl 6l0T AON 9L 610C AON €0 6l
- - 66ty - - g8 - - €505 - - sl - - 18lL - - 08/l 6l0T AON 20 6107 320 07 8l
- - U - - 698L - - 0Ll - - 68w - ST VA - 8Kl 6107 P06l 6107 120 90 7
- - 8 - - 6blg - - 090$ - - ol - - eveL - - 99¥'8L 6107 PO SO 610z 35 2z 9l
- - - - 8l - - /98y - - P - - wu - - 0/68L 6l0C dsS I1T 610z das 80 Sl
- - - - 9le - - 86y - - ue - -l - - 178l 6107 d9S L0 610¢ by 57 vl
- - 1s8y - - pS08 - - Uy - - g - - vsu - - SS¥'8L 610C by T 6107 by || €l
- - 69 - - 006/ - - 080S - - gl - - 6t - - /518l 6107 bnv 0L 6102 INf 8¢ 4l
- - 8w - - 8lL - - 1S8Y - - sl - - 8569 - - S/6'7L 6L0TINM LT 6L0C INf ¥l Ll
- - USy - - /618 - - ¥8IS AL A - 089. - - 1€891  6l0TINr €l 6107 Unf 0g oL
- - ey - - uu - - %Y - - st - - 8199 - - 6l69L  610T uUnr 67 6102 unr 91 6
- - 8sr - - L - - 98f - - o0ser - Yoo - - T8l elozunr sl 6102 Unr 20 8
- - 665 - - /918 - - ggeh - - 60T - - veL - - 0£1'8L  6l0T UNr 10 610C e 61 L
- S 74 A - 098, - - 66y - - e - - veoL - - 018l 610C Ae 8l 610T A S0 9
- - wloy - - oSt/ - - €8y - - W - - 6549 - - 8669l 610T Ae 0 610z 4dy 1T S
- T4 A - 989 - - 6lSh - - ST - - 89 - - 5002l 610T 4dy 0T 6102 1dy £0 v
- S A - €09. - - 5905 - - ez - - 8l - - €871 610C1dy 90 610T 1B ¥T €
- - 95y - - .l - - 80/F - - 88r - - L - - 0062l 6107 JeN €7 610T 1B 0L z
- - peE - - 8l - - 180 - - s - - /685 - - 5SSl 6107 JeN 60 610¢ 994 +¢ l
% N % N % N % N % N % N

61-QINOD dsoH  6L-AINOD °dsOH  6L-AINOD °'dsoH  61-AQINOD 'dsoH  61-AQINOD °'dsoH  6L-AINOD  “dsoH
‘dsoH |e10] ‘dsoq |elo] ‘dsoH |e10] ‘dsoH |el0] ‘dsoH |e10] ‘dsoH |eoL puj uels al
eljiseig 9109y ezajeyio4 sneuep oJiauer ap ory ojned oes ybiunio4
0¢0¢/60/50

01 6102/20/%¢ ‘D1udspued ay3 JO SyIUOW XIS 1s1ly 9y buunp pue Jeak snoiaaid ayy ul sjeyded ueljizelg XIs ul 61-JIAQD O} anp suonez|jeydsoy pue suonezijendsoy [e1o] L ajqel



Page 5 of 13

(2021) 21:976

Portela et al. BVIC Health Services Research

9lyy — SELE S90L — 8veY CLSy — 191€ 8GCC ~ LESL 6559 ~ vley 09591 - £¢v'0L XeN-UIN (Lz=23BIUN0Y)
(cze) 986€ (ce6) 8585 ©Olvy) Lok (£00) /861 (92/) 8055 (0921) S/6'€l (ps) uealy  ybiuoy / suoneziendsoy  diwapued ayy buung
Yo-LY 1'8-6'S 1'/=§'S I'L1=59 LTL-V6 8-19 XeN-UIN
'S L9 29 88 901 89 % Ajevoly [edsoH
L'S—CY L6V, 96-1'2 1'6—89 §'8-09 OLL-€6 Xe-UlN
61 L8 ¥'8 08 89 L6 % 2N NDI
S¥c-67Cl L0v=L'8C 8'CE-8CC 9Cr=L'6¢ C6r—9'6e 8vy-1€e XeN-UIN
80¢ /¢ €8¢ L'SE 53474 ocy % suopez||eydsoH A3
STr=LG¢ 8Y—C6¢ §55-6'Sh ¥ 1S-¥6¢ 67S—19% §8r—60F XeN-UIA
66€ 65y es 14514 0¢s 14554 % suonezijendso [ed1bing
0¢ (0374 0s (0274 (044 0¢ Uelpay
(col) 1L (§2) 59 (801) 88 (L8) LL (8C1) 06 (£8) 8 (ps) uesiy (shep) Aexs [exdsoy
809 1494 'S €€S 8Ly 809 % (S_IN)) Jopu=sD
00s oS (0075 oLs 0/S ors Uelpay
(9'81) 805 (c8l) 0°€S (8'81) 0°€S (£81) I'LS (1'81) 1'SS (1'81) €€5 (ps) uesy (s1eah) 3By
VA 4% SCeLL 0,87 §08le S§8CLL WATYA uelpay
LG8y — 6CLE £9¢8 — 8119 781G — 886¢€ 88¢C — 0¢ol 0€9/ — LCES 0/6'8L — €L¥'VL Xe-UlN WbIUoy (9zs1ybIULIOY)
(€80) voeY (855) 685/ (L1€) seLy (801) 961¢ (¢zs) 0£69 OzLL) vL8'LL (ps) uesy /suonezijendson  dlwapued ay aiojeg
18l 6€L T80V L'L  ¥0S  S90L Tl 05 ¢Scy 90l L€C ¥/l 69  0SF 6559 ¥/ OELL S6L'SL 0Z0C 9IS SO 0c0z bny €2 (04
v 166 9lvr 64 1G5 G869 61 ¥8  €9&r VYO0l 8¢ l0Z  S9 vty 98Y9 €0l /¥SL  090'SL  0Z0T Bny ¢z 020z BNy 60 6¢
S¥¢ 6¥0L 88Ty €0l 0/9 88¥9 6E€ /9L 9y ¥6 96l  9/0C TS 8CE 8979 6EL 9507 /S/'vL 0T0T bny 80 0¢0z Inf 9¢ 8¢
8¢C /L6 Clly g€l w8 0Cl9  ¥9  S9r /<l €Ll Sk €9l €5 0le 7885 G/l ¥EST 9wl 0coc Inr s¢ 0coz Inr ¢t LE
0€Cc 916 l86E O0€L  8l8 €679 96 V¥lr vecyr 9L G€E 0/0C €S ¥0E  80/S ¥6lL 0£/C 660%1 0coc Inf LL 0cOc unf 8¢ 9¢
¢8L 09/ Ly evlL  8¥8 189S /9L 659  G¥eE 6l 966  990C L /9  ¥80S (OlC /88T <CEL'€l  0TOT UNf /T 020z unf 1 Ge
0SL 809 OWOF SOC 9vLL 6655 €9C¢ €90l  v¥Ovy <CTSC SSP ¥08L Q€L 0CL PLES 0OSC €95€ 69C¥L  0COC unf el 020C Aew L re
00l /6§  ¢S6e 96C O0l9l €EVS 8 /Ll S/0b  90€ 875 97/l 0€C 86LL  LLTS T6C LLOb T9L'SL  0Z0T AeW 0O 020z Aew /1 €€
99  ¥9r  €COv 6lE TE9L 0SS 9Ey 6ELL  886E LSy ¥88  ¥E6L 89T 8TEL  8S6¥ 60E 6Sly  vHFEL  0C0C A 9l 020C Ae €0 43
6C 90l SLLE I'vC ISLL  64/F 89T 100l 66/ TSP 906  ¥00C S€C 6Ll 8E8Y 9/C TEWE LSYTL  0T0T Aew 20 0c0z 1dv 61 le
[ Iy /8Se /Ll ¢S 8ty [0l [EE 1ol 97¢ €8S 68/l 8€L 619 Ly ¥9L LL8L 8LO'LL  0C0C Jdv 8l 0¢0¢ 4dy 50 0€
% N % N % N % N % N % N
61L-AINOD ‘dsoH  61-AINOD ‘dsoH  61-AINOD ‘dsoH  6L-AINOD 'dsOH  6L-AINOD 'dsoH  6L-AINOD “dsoH
‘dsoH |e10] ‘dsoq |elo] ‘dsoH |e10] ‘dsoH |el0] ‘dsoH |e10] ‘dsoH |eoL puj uels al
ejjise.g ETTREN| eza|eio4 sneuey oJlduer ap oly ojned oes 1y6iuniog

(panunuod) 0¢07/60/50
01 6107/20/¥¢ "Dlwapued 3yl JO SYIUOW XIS 151y Y3 bunp pue Jeak snoiaaid sayi Ul sjended uejjizeig Xis Ul 61-dIAQD 01 anp suoliezljeydsoy pue suolnezijendsoy [elo] | ajqeL



Page 6 of 13

(2021) 21:976

Portela et al. BVIC Health Services Research

Sjwapued ayi Bulnp papnpxa 219m suonezijeydsoy

61-AIAOD Uaym juedyiubis A|jediisiiels Jou a1am eljiselg ul (D] JO SN 3y} pue ollduer ap oY Jo A1d ay3 ul Aeis [eydsoy Jo yibua| ay ur saduasayip ay3 “dlwapued ay) Buunp pue 210499 sioledipul ay3 Hunedwod uaym
61-AIAOD 01 anp suonezijeudsoy Buipn(dx3
(SNS/HIS) waisAs uonewogu| [exdsoH SNS - YeaH Jo Alsiully :@24n0s

l'6=61 L'cl-¢9 L'el-¥'s 09¢-6'8 9LC-¥0L lel-¢2 XeN-UIN
S9 €8 08 gl ovl €6 % « Auenoy jendsoy
601-67 961-99 80C-5'G V696 69¢-501 6Lt/ XeN-UIN
8/ €0l 601 9l 691 ! % Avjeop [endsoH
1'/=0'S CLI-€8 €LL-9¢2 ol-€v 601l-€9 l'¥1-66 XeN-UIN
8S L6 €6 8 98 L1 % % 95N NI
98-9G PEIA ¥S1-9¢7 1'91-9¢/ LT1L=€9 /1001 XeN-UIN
0¢ el 9Ll 9Ll 96 061 % asN NDI
L61-5L Le-1'0C 1'SC-L6 18071 ger-0ce L0V=LS1 Xe-UlN
Sl (x4 68l 0's¢ 1'6€ 1'9¢ % suoiezi|eydsoH aAR3|3
L\v=9/¢ Tor-0'9¢ £'55-0'8¢ 0€r-G5L £75-6'9¢ 9'Sy-€'G¢ XeN-UIN
ore §'GE 5344 8¢CE 6Ly re % suonezijedsoH [ea1bing
0¢ (04 0S 0S 0§ (04 UeIP3aN
(+'8) €9 @ L9 66) L8 (+'8) 08 (1) 68 68) 9 (PS) uea (skep) Ae3s [eudsoH
¢S 9ls ¥'SS 1'9G [ 9Ys % (S[BIN)) JopusD
oLs 0SS 0¥S 0¢s 0'8S 09s uelpay
(G81) ¥'LS (c81) 8€S 681) 'S (£81) €5 (€81) 89S 081) L¥S (ps) uesy (sieak) aby
190 50065 L9l [a,V4 LLGS 8Lyl Uelpapy
% N % N % N % N % N % N
61L-AINOD ‘dsoH  61-AINOD ‘dsoH  61-AINOD ‘dsoH  6L-AINOD 'dsOH  6L-AINOD "dsoH  6L-AINOD “dsoH
‘dsoq |e10) ‘dsoH |elo1 ‘dsoH |eol ‘dsoH |elol ‘dsoq |er0) ‘dsoq |ei0L pu3 ues al
ejjise.g ETTREN| eza|eio4 sneuey oJlduer ap oly ojned oes 1y6iuniog

(panuiuod) 020/60/50
01 6102/20/%¢ ‘D1udspued ay3 JO SYUOW XIS 1511} 9y buunp pue Jeak snoiaaid ayy ul sjeyded ueljizelg XIs ul 61-JIAQD O} anp suopez|jeydsoy pue suonezijendsoy [e1o] L ajqel



Portela et al. BMC Health Services Research (2021) 21:976

The proportions of ICU hospitalizations spiraled in
the pandemic. From baseline to fortnights 27-40, they
increased from 9.7 to 15.0% in Sdo Paulo, from 6.8 to
9.6% in Rio de Janeiro, from 8.0 to 11.6% in Manaus,
from 8.4 to 11.6% in Fortaleza, from 8.7 to 12.2% in Re-
cife, and from 4.9 to 7.0% in Brasilia. It is also interesting
to note that, except for Brasilia, the increased use of ICU
is observed even when COVID-19 hospitalizations dur-
ing the pandemic are excluded from the comparison.

There were also significant increases in the six capitals
with the pandemic regarding hospital mortality, includ-
ing or excluding COVID-19 hospitalizations from the
comparison in the period that includes fortnights 27-40.
The high mortality levels observed in Rio de Janeiro and
Manaus are noteworthy, both at the baseline and during
the pandemic.

The statistical control charts (Figs. 1, 2, 3) for the pro-
portions of surgical and elective hospitalizations, ICU
hospitalizations, and hospitalizations resulting in death
clarify the breach of reasonable statistical control ob-
served in the baseline, represented by the year before the
onset of the pandemic, from the fortnight in which the
pandemic starts in the country. The charts confirm the
significant decline in surgical and elective hospitaliza-
tions, the increased use of ICUs, and higher hospital
mortality. As shown in Table 1, it can also be seen that
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the increased use of ICU and hospital mortality is ob-
served, albeit to a lesser extent, even when COVID-19
hospitalizations in the pandemic are excluded from the
comparison.

The comparison of the number of hospitalizations per
fortnight and hospital mortality for ten prevalent diag-
nostic clusters in the six capitals is shown in Table 2.
While selected, it is worth clarifying that diabetes melli-
tus was among the most frequent diagnoses in hospitali-
zations only in Manaus, which presents a somewhat
differentiated hospitalization profile. Additionally, it is
emphasized that six of the ten groups also have high
hospital mortality.

Table 2 shows a consistent and significant drop during
the pandemic in hospitalizations for contraception (ICD-
10: Z30), septicemia (ICD-10: A41 and A42), cholelithia-
sis and cholecystitis (ICD-10: K80 and K81, respectively),
heart failure (ICD-10: I50) and, except for Fortaleza, dia-
betes mellitus (ICD-10: E10-E14) in the six capitals.
Acute myocardial infarction hospitalizations decline sig-
nificantly in Sdo Paulo, Rio de Janeiro, and Manaus and
are not statistically different in Fortaleza, Recife, and
Brasilia. Stroke hospitalizations (ICD-10: 160-164) and
leg, femur, and forearm fractures (ICD-10: S82, S72, and
S52, respectively) fell in Sao Paulo, Fortaleza, and Recife
(with borderline statistical significance), not differing
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Fig. 1 Proportion of surgical and elective hospitalizations to the Unified Health System in six Brazilian capitals, by fortnight, between 24/02/2019
and 05/09/2020. Source: Ministry of Health - SUS Hospital Information System (SIH/SUS). Captions: Surgical hospitalizations, Elective
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Table 2 Comparison of the number of hospitalizations, by fortnight and hospital mortality by frequent primary diagnoses in
hospitalizations in the Unified Health System in six Brazilian capitals, before and during the COVID-19 pandemic, 24/02/2019 to 05/

09/2020
Main diagnosis Indicator Period/Comparison Séo Paulo  Rio de Janeiro Manaus Fortaleza  Recife Brasilia
(ICD-10)
Contraceptive Hospitalizations/ fortnight Before 462.7 (83.0) 994 (13.8) 230 (86) 313 (7.5 1216 (21.2) 50.7 (11.6)
(Z30) Mean (sd) )
Pandemic 1146 (117.3) 59.1 (22.8) 154 (11.7) 23465 540 (285) 294 (15.6)
T-Test (p-value) < 0.0001 < 0.0001 0.0259 0.0017 < 0.0001 <0.0001
Mortality Before 0.0 0.0 0.0 0.1 0.0 0.0
%
%) Pandemic 0.0 0.0 0.0 0.0 0.0 0.0
Fisher's Exact Test (p-value) 1.0000 - - 1.0000 - -
Septicemia Hospitalizations/ fortnight Before 4085 (29.1) 1478 (22.2) 50.7 (9.1) 702 (9.2) 940 (16.7)  64.8 (10.9)
(A40, A41) Mean (sd) .
Pandemic 306.1 (554)  107.1 (244) 371 (187) 546 (206) 595(122) 553 (14.2)
T-Test (p-value) <0.0001 <0.0001 0.0205 0.0161 <0.0001 0.0223
Mortality Before 592 757 69.1 62.1 56.3 36.2
%
) Pandemic 61.7 764 715 580 513 26.1
Fisher's Exact Test (p-value) 0.0045 06183 0.3377 0.0521 00124 <0.0001
Cholelithiasis Hospitalizations/ fortnight Before 5387 (484)  206.8 (30.7) 1712 (182) 1513 (169) 1919 (24.2) 1589 (21.9)
(K80) and Cholecystitis (K81) Mean (sd) .
Pandemic 2381 (121.9) 104.2 (47.1) 954 (459) 795 (46.2) 1048 (546) 1179 (27.2)
T-Test (p-value) <0.0001 <0.0001 < 0.0001 < 0.0001 < 0.0001 <0.0001
Mortality Before 06 1.0 09 08 1.1 04
%
) Pandemic 1.1 18 1.1 14 1.6 04
Fisher's Exact Test (p-value) 0.0046 00112 0.6267 0.0477 0.1336 08132
Acute myocardial Hospitalizations/ fortnight ~ Before 4290 (51.2)  130.1 (194) 53.0 (9.0 824 (19.1) 1174 (215) 904 (15.1)
infarction Mean (sd) .
(121) Pandemic 369.2 (586) 106.8 (19.2) 403 (11.8) 760249 1069 (25.2) 89.7 (12.8)
T-Test (p-value) 0.0018 0.0008 0.0005 03715 01717 0.8888
Mortality Before 86 10.1 10.0 120 89 29
%
) Pandemic 95 94 128 1.8 9.0 38
Fisher's Exact Test (p-value) 0.0663 04992 0.0772 0.8623 1.0000 0.1352
Heart failure Hospitalizations/ fortnight Before 3576 (37.6) 956 (16.2) 840 (13.7) 1405 (14.9) 183.0 (185) 90.3 (15.8)
(150) Mean (sd) )
Pandemic 273.1 (520) 719 (247) 572 (215) 856(303) 1374 (444) 646 (11.1)
T-Test (p-value) <0.0001 0.0008 0.0005 <0.0001 0.0022 <0.0001
Mortality Before 15.5 203 179 112 96 7.8
%
) Pandemic 182 24.3 210 14.8 121 8.6
Fisher's Exact Test (p-value) 0.0002 0.0095 0.0640 0.0011 0.0029 04274
Stroke Hospitalizations/ fortnight Before 4342 (245) 1870 (20.3) 453 (11.5) 1709 (226) 3492 (243) 99.7 (12.5)
(160-164) Mean (sd) .
Pandemic 3858 (36.5) 193.3 (30.9) 404 (138) 1333 (248) 2519 (433) 974 (11.1)
T-Test (p-value) < 0.0001 04456 0.2305 < 0.0001 < 0.0001 0.5622
Mortality Before 15.0 23.1 215 124 176 9.8
%
%) Pandemic 177 27.3 212 169 186 1.3
Fisher's Exact Test (p-value) < 0.0001 <0.0001 0.9503 <0.0001 0.1619 0.1526
Breast cancer Hospitalizations/ fortnight Before 295.1 (374)  200.1 (17.8) 17.8 (4.1) 69.2 (134) 1525 (22.0) 422 (54)
(C50) Mean (sd) )
Pandemic 2379 (398) 1613 (244) 152(39)  585(11.7) 1645 (168) 416 (64)
T-Test (p-value) < 0.0001 < 0.0001 0.0625 0.0167 0.0821 0.7461
Mortality Before 8.0 128 113 30 79 94
%
%) Pandemic 9.0 14.2 146 28 4.7 7.7
Fisher's Exact Test (p-value) 0.0902 0.1094 0.2563 0.9008 <0.0001 0.2783
Pneumonia Hospitalizations/ fortnight Before 5508 (75.7)  161.0 (234) 887 (162) 1347 (26.7) 142.7 (187) 139.0 (29.2)
(J12-)18) Mean (sd) .
Pandemic 637.9 (1493) 2776 (87.3) 686 (284) 808 (44.1) 835(33.0) 1368 (25.7)
T-Test (p-value) 0.0570 0.0002 0.0254 0.0005 <0.0001 08163
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Table 2 Comparison of the number of hospitalizations, by fortnight and hospital mortality by frequent primary diagnoses in
hospitalizations in the Unified Health System in six Brazilian capitals, before and during the COVID-19 pandemic, 24/02/2019 to 05/

09/2020 (Continued)

Main diagnosis Indicator Period/Comparison Séo Paulo  Rio de Janeiro Manaus Fortaleza  Recife Brasilia
(ICD-10)
Mortality Before 19.7 29.7 210 228 13.1 11.8
%
) Pandemic 191 381 300 285 211 13
Fisher's Exact Test (p-value) 0.2834 < 0.0001 < 0.0001 0.0001 < 0.0001 0.5966
Leg (582), femur (572), Hospitalizations/ fortnight ~ Before 6613 (353) 3383 (21.3) 923 (129) 2448 (26.1) 1770 (16.0) 1458 (94)
and forearm (S52) Mean (sd) )
fractures Pandemic 582.7 (824) 3354 (302 844 (26.1) 2230 (29.8) 1604 (30.2) 1523 (17.8)
T-Test (p-value) 0.0037 0.7244 0.2969 0.0216 0.0724 02187
Mortality Before 15 2.2 1.0 0.6 1.1 04
%
“ Pandemic 17 32 20 09 12 03
Fisher's Exact Test (p-value) 0.1397 0.0003 0.0275 0.0817 0.7144 0.8252
Diabetes mellitus Hospitalizations/ fortnight ~ Before 170.1 (120)  81.8 (10.1) 738 (123) 370(74) 65.1 (15.0) 643 (85)
(E10-E14) Mean (sd) )
Pandemic 131.2 (288) 692 (17.9) 534 (183) 368 (9.5) 452 (11.5) 481 (8.6)
T-Test (p-value) 0.0002 0.0267 0.0001 0.9372 0.0001 < 0.0001
Mortality Before 45 8.1 48 55 34 24
%
0 Pandemic 60 125 90 64 59 19
Fisher's Exact Test (p-value) 0.0101 0.0002 < 0.0001 04859 0.0090 0.5428

Source: Ministry of Health - SUS Hospital Information System (SIH/SUS)

ICD-10 = International Statistical Classification of Diseases and Related Health Problems, tenth revision

sd = standard deviation

from the baseline in Rio de Janeiro, Manaus, and Bra-
silia. In turn, breast cancer hospitalizations (ICD-10:
C50) decreased significantly in S&o Paulo, Rio de Janeiro,
and Fortaleza, also showing a drop in borderline statis-
tical significance in Manaus. Recife recorded an increase
in borderline significance. Finally, pneumonia hospitali-
zations (ICD-10: J12-J18) increased in Sdo Paulo and Rio
de Janeiro and declined in Manaus, Fortaleza, and
Recife.

Hospital mortality in septicemia hospitalizations in-
creased in Sdo Paulo and declined in Fortaleza, Recife,
and Brasilia. They remained at a very high level, without
significant differences, in Rio de Janeiro and Manaus.
Cholelithiasis and cholecystitis hospitalization mortality
increased in Sdo Paulo, Rio de Janeiro, and Fortaleza.
Hospital mortality in hospitalizations due to acute myo-
cardial infarction is not, in general, statistically differen-
tiated in the pandemic, with higher borderline
significance recorded in Sdo Paulo and Manaus. Only
Brasilia showed no increase in hospital mortality in heart
failure hospitalizations. Hospital mortality increased sig-
nificantly in stroke hospitalizations in Sao Paulo, Rio de
Janeiro, and Fortaleza, in pneumonia hospitalizations in
Rio de Janeiro, Manaus, Fortaleza, and Recife, and dia-
betes mellitus hospitalizations in Sio Paulo, Rio de
Janeiro, Manaus, and Recife. A notable reduction in
mortality among breast cancer hospitalizations was ob-
served in Recife. Finally, we highlight the significant in-
crease in mortality due to limb fractures in Rio de

Janeiro and Manaus, and with borderline significance in
Fortaleza.

Discussion

The study showed significant changes in the patterns of
hospital utilization and mortality in the first six months
of the COVID-19 pandemic in the six selected capitals.
All cities were affected by the pandemic, but a delay in
the spike of COVID-19 cases and hospitalizations in
Brasilia, compared to the others, probably influenced to
some extent the results found.

In general, the reduction in hospitalizations, especially
in surgical and elective ones, was expected as the pan-
demic imposed a reorganization of the existing human
and technological resources in hospitals. Further, it re-
quired the incorporation of new resources such as the
opening of campaign hospitals for the exclusive care of
COVID-19 patients.

Blecker et al. [15] identified similar reductions in the
U.S. They raised as possible causes for the decrease in
the number of hospitalizations the fear of contamination
of patients in hospital environments, changes in the be-
havior of doctors when prescribing hospitalizations, and
even lifestyle changes of patients in social distancing.

The reduction observed in the number of hospitaliza-
tions for causes such as myocardial infarction, heart fail-
ure, and stroke, in some of the cities considered, is in
line with what has been observed in other countries such
as France, Italy, and the U.S. [26-28]. This reduction
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may be associated with deaths occurring at homes.,
without even having had the opportunity to access hos-
pital care, a hypothesis that is supported by a study on
the excess deaths during the pandemic in four of the six
cities considered here [8]. Also, the heavy COVID-19 de-
mand may have induced losses in the care process due
to competition for available hospital resources. It is
worth mentioning that in the specific case of the U.S,,
hospitalizations due to acute events began to recover at
the end of the first wave of COVID-19, although those
related to chronic diseases generally did not, generating
questions about the possible excessive use of hospital
care in periods before the pandemic or even better self-
care in the context of the pandemic [15].

Concerning fracture-related hospitalizations in Séo
Paulo and Fortaleza, in particular, the decline observed
may be partly explained by the decreased occurrence of
accidents resulting from the lower circulation of vehicles
during periods of more severe restrictive measures or the
option to seek care alternatives in the service network spe-
cialized in trauma, such as the preference for non-surgical
treatments in borderline orthopedic cases for surgical and
non-surgical treatment [29]. On the other hand, the num-
ber of this type of hospitalization has not changed signifi-
cantly in Rio de Janeiro and Manaus, with higher
mortality. Rio de Janeiro has the highest proportion of the
elderly population in the country, registering a high rate
of femur fractures in this population, with results that pos-
sibly cover most of the mortality observed in the fracture
diagnosis group. The vulnerability of the affected popula-
tion in the context of the pandemic is undeniable. Also,
both Rio de Janeiro and Manaus have been scenarios for
some of the worst results during the pandemic in the
country, and it is plausible, at least partially, to attribute
the increased mortality to problems in the quality of ser-
vices with direct repercussions on patient safety. Al-
though, in general, the analyses focused on comparing the
indicators before and during the pandemic in each capital
considered and not precisely the comparison between cit-
ies, the differences between them are noteworthy, with
Rio de Janeiro and Manaus standing out for low mortality
indicators at baseline. Manaus is the only city with
complex hospital resources in the state of Amazonas and
perhaps the Brazilian capital that most dramatically incar-
nated the health system’s collapse in the face of the pan-
demic. In turn, while equipped with care structures, Rio
de Janeiro has suffered intense scrapping of this equip-
ment, with accumulated severe problems in managing the
health system.

Higher levels of pneumonia hospitalizations were ob-
served in Sdao Paulo and Rio de Janeiro, but it is worth
questioning whether such elevations could be confused
with COVID-19 itself due to the characteristics of the
two diseases and testing issues [30]. Concerning
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cholelithiasis and cholecystitis, an increase in mortality
was also detected in hospitalizations in Sdo Paulo, Rio
de Janeiro, and Fortaleza. In a scenario of postponement
of elective surgeries, this finding may be related to the
deteriorated conditions, resulting in urgent cholecystec-
tomies, for example [31]. As in other cases considered
here, the possibility that it reflects, to some extent, issues
in the health system’s performance and loss of hospital
care quality due to the challenges arisen with COVID-19
is not negligible. A significant drop in hospital mortality
due to breast cancer was observed only in Recife, which
may be indicating a transfer from the place of death,
from hospitals to households, mostly requiring further
investigations.

We cannot dismiss the hypothesis of excessive use of
hospital care due to failing primary care and specialized
services before the pandemic. The high volume of hospi-
talizations related to the diagnostic contraceptive group
may be a likely example, and its decline during the pan-
demic may provide elements for an assessment of the
relevance of care at the hospital level. However, predom-
inantly, the pattern of use found in the six capitals favors
the hypothesis of the emergence of a currently pent-up
demand due to the insufficient use of adequate care, ei-
ther by the decrease in hospitalizations for specific rea-
sons or the greater use of intensive care, which may
reflect greater severity due to postponed care.

Our study has limitations. The approach, descriptive
design, and selected indicators allowed us to outline the
situation and some changes in hospital care patterns in
the pandemic context. However, the disaggregation,
standardization, and stratification of the indicators
would certainly provide detailed additional information.
It was an option to favor this general outlook that is ex-
pected to formulate inquiries and outline ways to im-
prove performance. In turn, the data source used,
namely, SIH, has gaps such as the specific inclusion of
SUS hospitalizations, hindering a more comprehensive
analysis considering the population of beneficiaries of
health plans using private health services. In the case of
large capitals, with concentrations of health plan benefi-
ciaries much higher than the national mean, exclusion
can reach levels of up to more than 40.0% of the popula-
tion, as in the case of Sdo Paulo and Rio de Janeiro. The
SIH also does not include cases seen in emergency
rooms. Also, to the extent that the study stops at recent
hospitalizations, the hypothesis that they may be under-
reported, even with care taken to mitigate the problem,
is not ruled out. Other limitations have to do, on one
hand, with the possibility of underreporting COVID-19
cases, given the low testing capacity demonstrated in the
country, and, on the other hand, the impossibility of ac-
counting for rehospitalizations, what probably would be
relevant in approaching some of the diagnoses selected.
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Despite the limitations mentioned, especially in a con-
text such as the pandemic, which imposes significant
challenges for the health system, it is worth emphasizing
the importance of having a national database, which, in
global terms, covers about 75% of the Brazilian popula-
tion, and is made available relatively quickly. This work
joins others already published in other countries and
contributes by examining in detail effects of the COVID-
19 pandemic on hospitalizations and hospital mortality
in the six selected Brazilian capitals, considering the uni-
verse of hospitalizations due to COVID-19 and other
conditions covered by the SUS.

Acknowledgements
CCAP, MM and MCP are productivity fellows from the National Council for
Scientific and Technological Development (CNPg), Brazil.

Authors’contributions

MCP — conception, design, statistical analyses, systematization and discussion
of results, writing of the manuscript. CCAP — design, systematization and
discussion of results, writing of the manuscript. SMLL — design,
systematization and discussion of results, writing of the manuscript. CLTA —
design, systematization and discussion of results, writing of the manuscript.
MM - conception, design, systematization and discussion of results, writing
of the manuscript. All authors read and approved the final version of the
manuscript.

Funding
The author(s) received no specific funding for this work.

Availability of data and materials

The manuscript was based on data publicly available at https://datasus.
saude.gov.br/transferencia-de-artigos/, obtained on January 19th 2021.
The dataset analyzed and the SAS® programs employed may be requested
to the corresponding author.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that no competing interests exist.

Received: 6 March 2021 Accepted: 8 September 2021
Published online: 17 September 2021

References
1. Wennberg JE. Time to tackle unwarranted variations in practice. BMJ. 2011;
342:D151.

2. Bhatia R, Shojania K, Levinson W. Cost of contact: redesigning healthcare in
the age of COVID. BMJ Qual Saf. 2020. https://doi.org/10.1136/bmijqgs-2020-
01162.

3. Moynihan R, Johansson M, Maybee A, Lang E, Légaré F. COVID-19: an
opportunity to reduce unnecessary healthcare. BMJ. 2020;370:m2752.
https://doi.org/10.1136/bmj.m2752.

4. Einstein AJ, Shaw LJ, Hirschfeld C, Williams MC, Villines TC, Better N, et al.
International impact of COVID-19 on the diagnosis of heart disease. J Am
Coll Cardiol. 2021,77(2):173-85. https://doi.org/10.1016/jjacc.2020.10.054.

5. Woolf SH, Chapman DA, Sabo RT, Weinberger DM, Hill L. Excess deaths
from COVID-19 and other causes, March-April 2020. JAMA. 2020;324(5):510-
3. https://doi.org/10.1001/jama.2020.11787.

6. Weinberger DM, Chen J, Cohen T, Crawford FW, Mostashari F, Olson D, et al.
Estimation of excess deaths associated with the COVID-19 pandemic in the

20.

21.

22.

23.

24,

25.

Page 12 of 13

United States, march to may 2020. JAMA Inter Med. 2020;180(10):1336-44.
https://doi.org/10.1001/jamainternmed.2020.3391.

Bilinski A, Emanuel EJ. COVID-19 and excess all-cause mortality in the US
and 18 comparison countries. JAMA. 2020;324(20):2100-2. https://doi.org/1
0.1001/jama.2020.20717.

Orellana JDY, Cunha GMD, Marrero L, Moreira RI, Leite IC, Horta BL. Excesso
de mortes durante a pandemia de COVID-19: subnotificagéo e
desigualdades regionais no Brasil. Cad Saude Publica. 2021;37(1):200259120.
https.//doi.org/10.1590/0102-311X00259120.

Griffin S. COVID-19: "huge rise” in deaths at home is not fully explained by
virus, say experts. BMJ. 2020;369:m2115. https://doi.org/10.1136/bmj.m2115.
Fiocruz. ICICT. Monitora COVID-19. Nota Técnica: Obitos desassistidos no Rio
de Janeiro. Andlise do excesso de mortalidade e impacto da COVID-19. Rio
de Janeiro, 2020, 13 p. Available in https://portal fiocruz.br/documento/nota-
tecnica-obitos-desassistidos-no-rio-de-janeiro-analise-do-excesso-de-morta
lidade-e. Accessed 15/02/2021.

Zylke JW, Bauchner H. Mortality and morbidity: the measure of a pandemic.
JAMA. 2020;324(5):458-9. https://doi.org/10.1001/jama.2020.11761.
Birkmeyer JD, Barnato A, Birkmeyer N, Bessler R, Skinner J. The impact of the
COVID-19 pandemic on hospital admissions in the United States: study
examines trends in US hospital admissions during the COVID-19 pandemic.
Health Aff (Millwood). 2020;39(11):2010-7. https://doi.org/10.1377/hlthaff.202
0.00980.

Baum A, Schwartz MD. Admissions to veterans affairs hospitals for
emergency conditions during the COVID-19 pandemic. JAMA. 2020;324(1):
96-9. https://doi.org/10.1001/jama.2020.9972.

Bhambhvani HP, Rodrigues AJ, Yu JS, Carr JB 2nd, Gephart MH. Hospital
volumes of 5 medical emergencies in the COVID-19 pandemic in 2 US
medical centers. JAMA Intern Med. 2021;181(2):272-4. https.//doi.org/10.1
001/jamainternmed.2020.3982.

Blecker S, Jones SA, Petrilli CM, Admon AJ, Weerahandi H, Francois F, et al.
Hospitalizations for chronic disease and acute conditions in the time of
COVID-19. JAMA Intern Med. 2021;181(2):269-71. https:/doi.org/10.1001/ja
mainternmed.2020.3978.

Lui DT, Lee CH, Chow WS, Fong CH, Woo YC, Lam KS, et al. A territory-wide
study on the impact of COVID-19 on diabetes-related acute care. J Diabetes
Investig. 2020;11(5):1303-6. https://doi.org/10.1111/jdi.13368.

Esenwa C, Parides MK, Labovitz DL. The effect of COVID-19 on stroke
hospitalizations in New York City. J Stroke Cerebrovasc Dis. 2020;29(10):
105114. https://doi.org/10.1016/jjstrokecerebrovasdis.2020.105114.

D'Apolito R, Faraldi M, Ottaiano |, Zagra L. Disruption of arthroplasty practice
in an orthopedic center in northern ltaly during the coronavirus disease
2019 pandemic. J Arthroplast. 2020,35(75):S6-9. https://doi.org/10.1016/j.a
1th.2020.04.057.

Leung E, Pervaiz Z, Lowe-Zinola J, Cree S, Kwong A, Marriott N, et al. Maintaining
surgical care delivery during the COVID-19 pandemic: a comparative cohort
study at a tertiary gynecological cancer Centre. Gynecol Oncol. 2020,50090-
8258(20):34216-5. https/doi.org/10.1016/jygyn0.2020.12013.

Ball S, Banerjee A, Berry C, Boyle JR, Bray B, Bradlow W, et al. Monitoring
indirect impact of COVID-19 pandemic on services for cardiovascular
diseases in the UK. Heart. 2020;106(24):1890-7. https://doi.org/10.1136/hea
rjnl-2020-317870.

Mendes EV. O lado oculto de uma pandemia: a terceira onda da COVID-19
ou o paciente invisivel. 2020, 91p. Disponivel em https.//www.conasems.
org.br/wp-content/uploads/2020/12/Terceira-Onda-1.pdf. Accessed on 15/
02/2021.

Brasil. Ministério da Saude. Secretaria de Assisténcia Especializada a Saude.
Departamento de Regulagéo, Avaliacao e Controle. Coordenagéao-geral de
Sistemas de Informagdes em Satde. COVID-19: Orientagdes técnicas para
operacionalizagdo do SIH durante o estado de emergéncia de satide
publica por coronavirus. Available in https://docs.google.com/document/
d/1Kw3XHWGVIB2zNT67814panjwHTMgDsGwWeBHYKO-nww/edit.
Accessed on 15/02/2021.

Benneyan JC, Lloyd RC, Plsek PE. Statistical process control as a tool for
research and healthcare improvement. Qual Saf Health Care. 2003;12(6):458-
64. https://doi.org/10.1136/ghc.12.6.458.

Mohammed MA, Worthington P, Woodall WH. Plot- ting basic control
charts: tutorial notes for healthcare practitioners. Qual Saf Health Care. 2008;
17(2):137-45. https://doi.org/10.1136/qshc.2004.012047.

Montgomery DC. Introduction to statistical quality control. 7th ed. Hoboken:
John Wiley & Sons; 2013.


https://datasus.saude.gov.br/transferencia-de-artigos/
https://datasus.saude.gov.br/transferencia-de-artigos/
https://doi.org/10.1136/bmjqs-2020-01162
https://doi.org/10.1136/bmjqs-2020-01162
https://doi.org/10.1136/bmj.m2752
https://doi.org/10.1016/j.jacc.2020.10.054
https://doi.org/10.1001/jama.2020.11787
https://doi.org/10.1001/jamainternmed.2020.3391
https://doi.org/10.1001/jama.2020.20717
https://doi.org/10.1001/jama.2020.20717
https://doi.org/10.1590/0102-311X00259120
https://doi.org/10.1136/bmj.m2115
https://portal.fiocruz.br/documento/nota-tecnica-obitos-desassistidos-no-rio-de-janeiro-analise-do-excesso-de-mortalidade-e
https://portal.fiocruz.br/documento/nota-tecnica-obitos-desassistidos-no-rio-de-janeiro-analise-do-excesso-de-mortalidade-e
https://portal.fiocruz.br/documento/nota-tecnica-obitos-desassistidos-no-rio-de-janeiro-analise-do-excesso-de-mortalidade-e
https://doi.org/10.1001/jama.2020.11761
https://doi.org/10.1377/hlthaff.2020.00980
https://doi.org/10.1377/hlthaff.2020.00980
https://doi.org/10.1001/jama.2020.9972
https://doi.org/10.1001/jamainternmed.2020.3982
https://doi.org/10.1001/jamainternmed.2020.3982
https://doi.org/10.1001/jamainternmed.2020.3978
https://doi.org/10.1001/jamainternmed.2020.3978
https://doi.org/10.1111/jdi.13368
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105114
https://doi.org/10.1016/j.arth.2020.04.057
https://doi.org/10.1016/j.arth.2020.04.057
https://doi.org/10.1016/j.ygyno.2020.12.013
https://doi.org/10.1136/heartjnl-2020-317870
https://doi.org/10.1136/heartjnl-2020-317870
https://www.conasems.org.br/wp-content/uploads/2020/12/Terceira-Onda-1.pdf
https://www.conasems.org.br/wp-content/uploads/2020/12/Terceira-Onda-1.pdf
https://docs.google.com/document/d/1Kw3XHWGv9B2zNT67814pqnjwHTMgDsGwWeBHYkO-nww/edit
https://docs.google.com/document/d/1Kw3XHWGv9B2zNT67814pqnjwHTMgDsGwWeBHYkO-nww/edit
https://doi.org/10.1136/qhc.12.6.458
https://doi.org/10.1136/qshc.2004.012047

Portela et al. BVIC Health Services Research

26.

27.

28.

29.

30.

(2021) 21:976

Marijon E, Karam N, Jost D, Perrot D, Frattini B, Derkenne C, et al. Out-of-
hospital cardiac arrest during the COVID-19 pandemic in Paris, France: a
population-based, observational study. Lancet Public Health. 2020;5(8).e437-
43, https://doi.org/10.1016/52468-2667(20)30117-1.

Baldi E, Sechi GM, Mare C, Canevari F, Brancaglione A, Primi R, et al. COVID-
19 kills at home: the close relationship between the epidemic and the
increase of out-of-hospital cardiac arrests. Eur Heart J. 2020;41(32):3045-54.
https://doi.org/10.1093/eurheartj/ehaa508.

Coleman KM, Saleh M, Mountantonakis SE. Association between regional
distributions of SARS-CoV-2 seroconversion and out-of-hospital sudden
death during the first epidemic outbreak in New York. Heart Rhythm. 2021;
18(2):215-8. https://doi.org/10.1016/j.hrthm.2020.11.022.

Lima EBS, Belangero PS, Falético GG, Mansur NSB, Luzo MVM, Reis FB.
Intervention protocol of the orthopedics and traumatology department of a
high-complexity university hospital to cope with the COVID-19 pandemic.
Rev Bras Ortop (Sao Paulo). 2020;55(3):269-77. https://doi.org/10.1055/5-004
0-1712972.

Oliveira GL, Ribeiro AP, Pereira CCA, Machado CJ. O novo coronavirus e a
pneumonia: andlise comparativa de internacoes e ébitos no Brasil entre
2019 e 2020. Revista Thema 2020, 18(ESPECIAL):332-342. https://doi.org/10.1
5536/thema V18 Especial.2020.332-342.1834.

lelpo B, Prieto M, Ortega |, Balibrea JM, Rubio-Pérez I, Juvany M, et al.
National survey on the treatment of cholelithiasis in Spain during the initial
period of the COVID-19 pandemic. Cir Esp. 2020; S0009-739X(20)30232-3.
https://doi.org/10.1016/j.ciresp.2020.07.001.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/S2468-2667(20)30117-1
https://doi.org/10.1093/eurheartj/ehaa508
https://doi.org/10.1016/j.hrthm.2020.11.022
https://doi.org/10.1055/s-0040-1712972
https://doi.org/10.1055/s-0040-1712972
https://doi.org/10.15536/thema.V18.Especial.2020.332-342.1834
https://doi.org/10.15536/thema.V18.Especial.2020.332-342.1834
https://doi.org/10.1016/j.ciresp.2020.07.001

	Abstract
	Objective
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	Authors‘contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

