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SUMMARY

OBJECTIVE: To evaluate seasonal variations of clinical characteristics, therapeutic resource use, and outcomes of critically ill patients
admitted to an intensive care unit.

METHODS: A retrospective cohort study conducted from January 2071 to December 2016 in adult patients admitted to the intensive
care unit (ICU) of a University Hospital. Data were collected on the type of admission, APACHE II, SOFA, and TISS 28 scores at ICU
admission. Length of hospital stay and vital status at hospital discharge were recorded. A significance level of 5% was adopted.

RESULTS: During the study period, 3.711 patients were analyzed. Patients had a median age of 60.0 years (interquartile range = 45.0 — 73.0),
and 59% were men. The independent risk factors associated with increased hospital mortality rate were age, chronic disease, seasonality,
diagnostic category, need for mechanical ventilation and vasoactive drugs, presence of acute kidney injury, and sepsis at admission.

CONCLUSIONS: It was possible to observe variations of the clinical characteristics and prognosis of patients; summer months presented a
higher proportion of clinical and emergency surgery patients, with higher mortality rates. Sepsis at ICU admission did not show seasonal
behavior. A seasonal pattern was found for mortality rate.

KEYWORDS: Critical care. Clinical evolution. Severity of illness index. Seasons.

INTRODUCTION

The concept of grouping patients by severity crite-  were created to provide specific care to critical patients
ria to improve care and achieve better prognosesiswell ~ and rely on a multidisciplinary, specialized, and skilled
established in the literature®. Intensive care units (ICU)  team and special equipment and technologies®.
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There is evidence demonstrating the growing
need for more intensive care beds in relation to the
number of hospital beds. In the United States, over a
period of five years, there was an increase two-times
greater of the number of ICU beds in comparison to
the number of hospital beds, with a consequent in-
creased cost of the care of critical patients®.

In this moment of a growing need for specialized
intensive care beds and limited healthcare resourc-
es, it is necessary to improve the decision-making
process to screen and prioritize the admission of
patients into intensive therapy*. Early admission of
critical patients to an ICU bed is beneficial and capa-
ble of reducing mortality; therefore, the knowledge
of the clinical profile and the use of therapeutic in-
terventions, as well as their seasonal variations, can
help understand and plan the allocation of special-
ized ICU beds®®.

The objective of this study is to describe seasonal
variations of clinical standards, use of resources and
outcomes of hospitalized adult patients admitted to
the ICU.

METHODS

The present study was submitted to and approved
by the local Research Ethics Committee, and the need
to obtain free informed consent forms was waived by
decision 1.557.487; CAAE: 56182816.4.0000.5231, re-
port date: May 23, 2016.

A retrospective cohort study carried out from
January 2011 to December 2016 in the intensive care
unit (ICU) for adult patients of the University Hospi-
tal of the State University of Londrina. The adult ICU
of the Hospital has 20 beds and is a general ICU for
clinical and surgical patients. Within the same insti-
tution, there is another ICU specialized in the treat-
ment of severely burned patients, but those beds
were not included in this analysis.

We used a convenience sampling of all adult pa-
tients admitted to the ICU consecutively during the
study period. We included patients with ICU stay
time greater than or equal to 24 hours. We excluded
patients younger than 18 years old and with ICU re-
admissions during the period of hospitalization.

The data collected for all ICU admissions were:
age, sex, date of admission into hospital and the ICU,
type of admission, area of origin, diagnosis for ICU
admission, presence of chronic disease. Upon ICU
admission, we recorded diagnoses of sepsis and

acute renal injury, need for mechanical ventilation,
and use of vasoactive drugs. Acute kidney injury was
defined as an increase by 50% of the basal value of
serum creatinine’, and sepsis was defined as a po-
tentially fatal organic dysfunction caused by an in-
fection®. The Acute Physiology and Chronic Health
Evaluation (APACHE II), Sequential Organ Failure
Assessment (SOFA), and Therapeutic Intervention
Scoring System (TISS 28) scores were calculated °.
Other variables collected were the ICU and hospital
stay times. The year was divided into four seasons
- summer, fall, winter, and spring, according to the
national calendar.

Data collection was performed prospectively and
daily by a trained health care professional, so as not
to allow losses. The data collection is part of the clin-
ical management of the unit that generates quality
indicators. The present study was considered retro-
spective because it is a retrospective analysis of pro-
spectively collected data. The sources used for data
collection were the medical records of the patient
and the hospital electronic database. All data used
for score calculations were collected as raw data, us-
ing the extremes of abnormality during the first 24
hours of ICU stay. The scores were calculated accord-
ing to the definitions of the respective systems'™?,
Patients were followed-up until the outcome at hos-
pital discharge.

STATISTICAL ANALYSIS

Continuous variables were expressed as mean
and standard deviation (SD) when there was a nor-
mal distribution, and as median and interquartile
range (IQR) If the distribution was not normal. The
categorical variables were expressed as propor-
tions. Descriptive statistics were used to present
all relevant variables. The data were presented in
graphs and tables. The Kruskal-Wallis test was used
for comparison of continuous variables. Categorical
variables were compared using the chi-square test
of Cochran-Armitage for identifying trends. The
variables to predict in-hospital mortality outcomes
were presented as unadjusted odds ratios, obtained
by logistic regression in enter mode. The stepwise
method was used to adjust other predictors of
in-hospital mortality in the multivariate analysis,
in which variables whose p-value was greater than
0.1 were removed from the model or maintained if
p <0.05. Patients in the “elective surgery” and “win-
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ter” groups were considered as the reference cate-
gories for logistic regression.

To analyze the effect of seasonality in the main
results of the present study, we run a temporal se-
ries analysis. In order to do that, we initially stud-
ied three monthly time series: total frequency of pa-
tients admitted to the ICU (TF), frequency of patients
admitted due to sepsis (SF), and frequency of ICU pa-
tients who died (DF). With six years of observations,
each series includes 72 observations. For better data
interpretation, we use frequency rates in relation to
the total frequency of patients admitted to the ICU in
each month. Thus, the studied series are monthly ad-
mission rates due to sepsis (SR=SF/TF) and monthly
death rate (DR=DF/TF). Then, to transform the series
into stationary, we performed a Box-Cox™" transfor-
mation to stabilize the variance. The correlograms
present the autocorrelation functions in the time
domain, while the periodogram presents the charac-
teristics of the series in the frequency domain. The
latter is an important tool to identify periodicities in
the data. Based on their estimated frequencies, it is
possible to check seasonality and cycles in the series.
A Fisher test™ was carried out to verify if the season-
al factors were significant.

The level of significance adopted was 5%, and the

FIGURE 1. FLOWCHART OF PATIENTS ADMITTED
TO THE INTENSIVE CARE UNIT - ADULTS OF THE
UNIVERSITY HOSPITAL, FROM 2011 TO 2016

analyses performed used the MedCalc software for
Windows, version 18.5 (MedCalc Software, Ostend,
Belgium), and the R Project software, 2018 (Austria,
Vienna).

RESULTS

The collection and analysis of data from adult pa-
tients admitted to the university hospital ICU from
2011 to 2016 resulted in a total number of 4,004 pa-
tients, of which 82 were excluded due to age under
18 years old and 211 due to readmission, leaving 3,711
patients to be analyzed in this study (Figure 1). The
annual bed-occupation rates of the unit in the study
period ranged from 90.5% to 96.6%. The median age
of patients was 60.0 years (IQR= 45.0 - 73.0), and
65.8% were in the range of 31 to 70 years old. In rela-
tion to sex, 2,191 (59.0%) were men. The median ICU-
stay time was 4.0 days (IQR= 1.0 - 11.0), and 58.1%
remained for up to 5 days in the ICU. The hospitaliza-
tion time presented a median of 16.0 days (IQR = 9.0
- 30.0), and 66.2% remained in the hospital for more
than 21 days (Table 1).

As to the diagnoses for ICU admission, the most
frequent were sepsis, in 955 patients (25.7%), post-
operative of the neurological system in 336 (9.1%), of

TABLE 1. GENERAL CHARACTERISTICS OF PATIENTS
ADMITTED TO THE INTENSIVE CARE UNIT - ADULTS
OF THE UNIVERSITY HOSPITAL, FROM 2011 TO 20716

General Characteristics Total
(n=3,711)
Total number Age’ 60.0 (45.0-73.0)
of patients Malet 2191 (59.0)
H=4004 Days of ICU Stay" 40 (10-10.75)
Days of Hospital Stay” 16.0 (9.0- 30.0)
Apache II 19.0 (13.0-27.0)
Exclusions Sofa at admission” 6.0 (3.0-11.0)
<Byearsold=82 | | Tiss-28 at admission’ 260 (20.0- 310)
Readmissions during the - —
same hospitalization = 211 Mechanical ventilationt 1,954 (52.7)
SRI at admissiont 1,004 (27.)
Diagnostic category at admissiont
—— Clinical 1,248 (33.6)
N =371 Elective Surgery 1,438 (38.7)
Emergency Surgery 1,025 (27.6)
Chronic Diseaset 414 (11.2)
Sepsis at Admissiont 955 (25.7)
Alive Deaths ICU f\/\ortalityT 1196 (32.2)
N=2,107 N =1,604 In-Hospital Mortalityt 1,604 (43.2)

Legend: "= median (interquartile range 25%-75%); t= number (percentage); 1= aver-

age (standard deviation)
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FIGURE 2. MONTHLY VARIATION OF THE SEPSIS AND DEATH RATES IN THE INTENSIVE CARE UNIT -
ADULTS OF THE UNIVERSITY HOSPITAL, FROM 2011 TO 2016
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FIGURE 3. GRAPH OF THE TEMPORAL SERIES OF THE SEPSIS RATE AND SEPSIS PERIODOGRAM FOR
THE INTENSIVE THERAPY UNIT - ADULTS OF THE UNIVERSITY HOSPITAL, FROM 2011 TO 2016

Series graph with variance stabilized by Box-Cox transformation and without the trend component
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FIGURE 4. GRAPH OF THE TEMPORAL SERIES OF MORTALITY RATE AND DEATH PERIODOGRAM
FORTHE INTENSIVE CARE UNIT - ADULTS OF THE UNIVERSITY HOSPITAL, FROM 2011 TO 2016

Series graph with variance stabilized by Box-Cox transformation
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TABLE 2. CHARACTERISTICS OF PATIENTS ADMITTED TO THE INTENSIVE CARE UNIT - ADULTS OF THE
UNIVERSITY HOSPITAL, FROM 2011 TO 2016

Age (years): median (IQR)" 60 (45-73.5) 59 (45.5-73.5) 60 (45-72) 61(46-73.5) 0.525
Male: N (%) t 472 (56.2) 577 (59.5) 610 (60.6) 532 (59.5) 0.265
Diagnostic Category t <0.001
Clinical: N (%) 320 (381) 294 (30.3) 302 (30.0) 338(37.8)

Elective Surgery: N (%) 296 (35.2) 402 (41.4) 407 (40.4) 349 (39.0)

Emergency Surgery: N (%) 224 (26.7) 274 (28.2) 298 (29.6) 207 (231)

Apache II: Median (IQR) * 19 (13-28.5) 19 (12.5-27) 18 (12.5-26) 19 (13-28.5) 0.250
Sofa: Median (IQR) * 6 (3-11.5) 6 (3.5-11) 6 (3.5-10.5) 6 (3.5-11) om
Tiss-28a: Median (IQR) * 26 (20-37) 25 (20.5-31) 26 (20.5-31) 26 (20.5-31.5) 0652
Chronic Disease: N (%) 1 92 (10.9) 100 (10.3) 102 (10.2) 120 (13.4) 0.350
Sepsis at ICU admission: N (%)t 232 (276) 238 (24.5) 254 (25.2) 231(25.8) 0.487
Mechanical ventilation: N (%)t 449 (53.4) 505 (52.0) 529 (52.5) 471 (52.7) 0.948
SRI at admission: N (%)t 222 (26.4) 253 (261) 263 (263) 266 (29.7) 0223
Days in ICU: Median (IQR) 4(1-12) 4 (1.5-11) 4(1.5-11.5) 4 (1-9) 0.053
Days in hospital: Median (IQR) * 16 (10-31.5) 17 (9-30) 16 (8.5-29.5) 16 (8-28) 0131
ICU Mortality: N (%) 306 (36.4) 294 (30.3) 303 (301) 293 (32.7) 0.013
In-Hospital Mortality: N (%) 398 (474) 415 (42.8) 398 (39.5) 393 (439) 0.008

Legend: IQR = Interquartile range; Apache = Acute Physiology and Chronic Health Evaluation; Sofa = Sequential Organ Failure Assessment at admission; TISS-28a =Therapeutic
Intervention Scoring System at admission; ICU = Intensive Care Unit; SRI = Severe renal injury; *= Kruskal-Wallis Test; t= Chi-square test for trends.

TABLE 3. BIVARIATE AND MULTIVARIATE ANALYSIS OF RISK FACTORS FOR IN-HOSPITAL DEATH OF PATIENTS
ADMITTED TO THE INTENSIVE CARE UNIT — ADULTS OF THE UNIVERSITY HOSPITAL, FROM 2011 TO 2016

Age 1.01 1.01-1.02 <0.001 103 102 -1.04 <0.001
Male 0.87 0.76 - 1.00 0.050

Diagnostic category

Elective surgery (reference)

Emergency surgery 5.23 4.33 -6.31 <0.001 2.54 200 -3.23 <0.001
Clinical 11.95 9.92 - 14.38 <0.001 3.78 292 -4.89 <0.001
Seasonal

Winter (reference)

Spring 1.20 0.99 - 144 0.050

Summer 137 114 - 1.65 <0.001 1.31 1.07 - 161 0.008
Autumn 114 0.95-1.36 0.141

Apache ll 1.20 118 - 1.21 <0.001

Sofa at admission 140 1.37-143 <0.001

Tiss 28 at admission 116 115-118 <0.001

Chronic disease 1.31 114 -1.50 <0.001 1.22 1.01-148 0.034
Sepsis at admission 6.68 5.64 - 790 <0.001 1.45 115-1.83 0.001
Use of mechanical ventilation 10.72 915 - 12.56 <0.001 4.06 3.25-508 <0.001
Use of vasoactive drugs 712 614 - 8.26 <0.001 2.74 226 -3.32 <0.001
SRI at admission 6.40 543 -754 <0.001 2.36 193 -298 <0.001

Legend: Apache = Acute Physiology and Chronic Health Evaluation; Sofa = Sequential Organ Failure Assessment; Tiss 28 = Therapeutic Intervention Scoring System; SRI= Severe

real injury; Cl = 95% Confidence interval.
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the cardiovascular system in 298 (8.0%), respiratory
system in 247 (6.7%), and clinical post-cardiac arrest
in 135 cases (3.6%).

We recorded prior diagnoses of chronic diseases
in 11.2% of the patients, and the most frequent were:
immunodeficiency (4.4%), heart failure (2.1%), chron-
ic obstructive pulmonary disease (1.8%), chronic re-
nal insufficiency (1.5%), and liver cirrhosis (1.4%). The
average APACHE II score was 20.3 (SD = 19), Sofa
average was 6.9 (SD = 4.8), and Tiss 28 median was
25.8 (IQR = 20.0 - 31.0). Mortality at ICU discharge
was 32.2%, and at hospital discharge, 43.2% (Table 1).

After analyzing the variation of illness severity
upon ICU admission over the seasons, we found that,
although no variation in the severity of patients by
age means, presence of chronic disease, or prognos-
tic scores was found, a higher proportion of “Clinical”
(p<0.001) and Sepsis diagnosis was identified during
the summer months (p=0.048). These differences in
the clinical profile of the patients admitted during the
summer resulted in higher hospital mortality rates,
compared to the other seasons of the year (p=0.007)
(Table 2).

After studying the risk factors for death at hos-
pital discharge by using the multivariate logistic
regression model, seasonality was an independent
factor associated with increased in-hospital mortal-
ity rates. Furthermore, in the summer, there was an
increase of 31% in the death odds compared to win-
ter months (reference season used in the model). In
addition to seasonality, age, diagnostic category, the
need for invasive mechanical ventilation, use of vaso-
active drugs, presence of chronic disease, diagnosis
of acute kidney injury, and sepsis on ICU admission
were found to be independent risk factors for death
at hospital discharge (Table 3).

To analyze the effect of seasonality in the mor-
tality pattern and its association with the sepsis di-
agnosis, the temporal series were transformed into
a stationary series. Thus, we performed a Box-Cox
transformation to stabilize the variance. According to
the Wald-Wolfowitz test, it was necessary to subtract
the series to remove the trend component. Figure 3
shows the temporal series of monthly sepsis rates.
The correlograms with the autocorrelation function
in the time domain show that the sepsis rate series
does not peak at the beginning and end of each year,
during the summer. It is possible to see around three
or four peaks of sepsis per year. After analyzing the
periodogram for the sepsis rate, we found that the

spectral element of order 26 is the one with the high-
est value. Considering there are 71 observations (we
lost one observation after subtraction to remove the
trend), this harmony corresponds to a frequency of
71/26 = 3 months, approximately. Therefore, there is
evidence of seasonal behavior of Period 3, i.e., there
are peaks of ICU admission due to sepsis every three
months, which corroborates what was shown in the
series graph.

Similarly, we used the Box-Cox transformation
to stabilize the variance of the death rate series.
Based on the runs test, the series did not present
any trend. Therefore, it was not necessary to do any
subtractions in the death rate series. Figure 4 shows
the death rate series graph with the Box-Cox trans-
formation and the periodogram. The highest value
in the Periodogram is the first spectral element. A
Fisher test was performed to check if the seasonal-
ity of Period 3 for sepsis and of Period 1 for deaths
are significant. According to the test, at a 5% level of
significance, the seasonality for sepsis was not signif-
icant, while it was for deaths.

DISCUSSION

This study presents a detailed description of the
clinical characteristics and prognostic indexes of pa-
tients admitted to the ICU over a period of six years.
It is an intensive care unit with a high occupation
rate during the entire study period and a high rate
of refusal of admission due to lack of beds. In this
context, we found observed an increase of clinical
admissions during the summer months, as well as
a higher frequency of sepsis diagnosis and the need
for invasive mechanical ventilation. Seasonality, age,
diagnostic category, the need for invasive mechani-
cal ventilation, use of vasoactive drugs, presence of
chronic disease, diagnosis of acute kidney injury,
and sepsis on ICU admission were independent risk
factors for in-hospital death.

Sepsis is more common in patients with advanced
age and chronic disease'. It is considered a clinical
diagnosis at ICU admission and, by definition, is a
condition that presents organic dysfunctions — such
as acute kidney injury —, which often require sup-
port therapy, such as invasive mechanical ventilation
and vasoactive drugs®. Due to the association of these
variables with the diagnosis of sepsis, we proposed a
time-series analysis to confirm the suspected asso-
ciation between seasonal variation, sepsis diagnosis,
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and mortality rate. We confirmed the seasonal pat-
tern of deaths, but not of sepsis diagnosis at the ICU
admission.

This variation in the performance of the unit
studied is probably due to multiple factors. A recent
study of the national registry database for adult pa-
tients described a tendency of increased admissions
of clinical patients and emergency surgeries over the
years and a proportional reduction of elective surger-
ies”. In the institution studied, there is a constant de-
mand for ICU beds that is inhibited. Thus, clinical pa-
tients are often treated outside the ICU with the aid
of a team specialized in the care of severe patients.
During the summer, which coincides with the end
of year recesses and holidays, there is a reduction of
elective surgeries and increased availability of beds
for urgent clinical and surgical patients.

Sepsis was the main clinical diagnosis for patient
admission to the ICU. This finding is similar to other
data in the literature that demonstrates the impact
of sepsis on the occupation rate of intensive care
beds™. These patients present organic dysfunction at
admission with a possibility of worsening during the
first hours of care, even after intensive treatment is
started, which reflects their severity™. A meta-anal-
ysis from 1979 to 2015 that evaluated 27 major stud-
ies compared the results from the variation of sep-
sis incidence and found an increase from 288 to 437
cases/100,000 inhabitants/year, and from 148 to 270
cases/100,000 inhabitants/year of cases of severe
sepsis, with high rates of in-hospital mortality. In
low- and middle-income countries, it is possible that
the number of sepsis cases reaches 31.5 million, with
5.3 million deaths/year?®.

In-hospital mortality rates may be considered
high in the present study. It is demonstrated in the
literature that high-income countries have lower

1621 when compared to middle- and

mortality rates
low-income countries?*®. These differences are due
to several factors, among which the structural orga-
nization of intensive care units and the ease of access
associated with increased availability of intensive
care beds in countries with lower mortality rates.
Another Brazilian study, called Orchestra, in-
cluded 59,693 patients from 78 ICUs and described
the association between organizational aspects and
mortality rates. The units with a higher level of or-
ganization, professionals specialized in intensive
care, and use of protocols had the lowest mortali-
ty rates®®. Our study demonstrates that the plan-

ning of human resources, equipment, and training
should take into account the seasonal changes in
the clinical profile of patients admitted. Character-
istically, clinical and post-emergency-surgery pa-
tients have a higher risk of death; thus, they require
more complex treatments and may have longer hos-
pital stays®.

The strength of the present study lies in the large
number of observations and its long period, allowing
detailed descriptions and analysis of annual varia-
tions of the outcomes observed. The limitations of
the study are due to its single-center design, which
limits the extrapolation of results to the popula-
tions of institutions with similar characteristics. The
study’s retrospective nature can also be considered a
limitation, but since this is a retrospective analysis of
data that were prospectively collected, there were no
losses due to incomplete data. To better understand
the analysis results of the temporal series, it would
be interesting to have a study with a larger number
of observations. Although the study involved a long
period, the number of observations may not have
been sufficient to have the volume of information re-
quired to understand the seasonality regarding mor-
tality rates.

CONCLUSION

In intensive care units with a high occupation
rate, it was possible to find a seasonal variation of
the clinical profile and prognosis of patients admit-
ted. The summer months had a higher proportion of
clinical and emergency-surgery patients, with higher
rates of mortality. The suspicion that the sepsis diag-
nosis at ICU admission had a seasonal 12-month be-
havior was not confirmed by the time series analysis.
We found a seasonal pattern for the mortality rate.
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RESUMO

OBJETIVO: Analisar variagdes sazonais dos padrées clinicos, uso de recursos terapéuticos e resultados da internagdo de pacientes adultos
admitidos na unidade de terapia intensiva.

METODOS: Estudo de coorte retrospectivo realizado de janeiro de 2011 a dezembro de 2016 em pacientes adultos na unidade de terapia
intensiva (UTI) de Hospital Universitdrio. Foram coletados dados do tipo de admissdo, escores Apache I, Sofa e Tiss 28 da admissdo
na UTI. O tempo de permanéncia e o desfecho na saida hospitalar foram registrados. O nivel de significdncia adotado foi de 5%.

RESULTADOS: Foram analisados 3.711 pacientes no periodo do estudo. Os pacientes apresentaram mediana de idade de 60,0 anos (intervalo
interqualitico = 45,0 — 73,0), sendo 59% homens. Os fatores independentes associados ao aumento de taxa de mortalidade hospitalar
foram idade, doenga crénica, sazonalidade, categoria diagndstica, necessidade de ventilagdo mecdnica e uso de drogas vasoativas,
diagnéstico de injaria renal aguda e sepse na admissdo. Pela andlise de série temporal, a sazonalidade para sepse néo foi significativa,
enquanto a sazonalidade para ébitos foi significativa.

CONCLUSOES: Foi possivel observar variagdo do perfil clinico e de prognéstico dos pacientes admitidos, sendo que os meses de verdo
apresentam maior propor¢do de pacientes clinicos e cirdrgicos de urgéncia, com maiores taxas de mortalidade. Sepse na admissédo da
UTI ndo apresentou comportamento sazonal. Foi encontrado padrédo sazonal para a taxa de mortalidade.

PALAVRAS-CHAVE: Terapia intensiva. Evolugdo clinica. Indice de gravidade de doenca. Sazonalidade.
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