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Abstract 

Purpose:  To describe long-term mortality and hospital readmissions of patients admitted to Brazilian intensive care 
units (ICU).

Methods:  Retrospective cohort study of adult patients admitted to Brazilian hospitals affiliated to the Public Health-
care System from 10 state capitals. ICU patients were paired to non-ICU patients by frequency matching (ratio 1:2), 
according to postal code and admission semester. Hospitalization records were linked through deterministic linkage 
to national mortality data. Primary outcome was mortality up to 1 year. Other outcomes were mortality and readmis-
sions at 30 and 90 days and 3 years. Multiple Cox regressions were used adjusting for age, sex, cancer diagnosis, type 
of hospital, and surgical status.

Results:  We included 324,594 patients (108,302 ICU and 216,292 non-ICU). ICU patients had increased hospital 
length of stay [9 (5–17) vs. 3 (1–6) days, p < 0.001] and mortality (18.5 vs. 3.6%, p < 0.001) versus non-ICU patients. One 
year after discharge, ICU patients were more frequently readmitted to hospital (25.4 vs. 17.4%, p < 0.001) and to ICU 
(31.4 vs. 7.3%, p < 0.001) than controls. Mortality up to 1 year was also higher for ICU patients (14.3 vs. 3.9%, p < 0.001). 
A significant interaction between surgical status and mortality was found, with adjusted hazard ratios (HRs) up to 1 
year of 2.7 [95% confidence interval (CI) 2.5–2.9] for surgical patients, and 3.4 (95%CI 3.3–3.5) for medical patients. The 
risk for death and readmission diminished over time up to 3 years.

Conclusions:  In a public healthcare system of a developing country, ICU patients have excessive long-term mortality 
and frequent readmissions. The ICU burden tended to reduce over time after hospital discharge.
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Introduction
Assessing long-term outcomes of critically ill patients 
has been a relevant subject worldwide as more patients 

are surviving intensive care [1]. Previous studies pre-
sented the huge impact of critical illness on the lives of 
the patients and their relatives, such as increased mortal-
ity after hospital discharge [2–5], hospital readmissions 
[6], continuous use of healthcare resources [7, 8], and 
poor quality of life [9, 10]. Post-ICU mortality seems to 
be increased during the first few months after ICU and 
hospital discharge, suggesting that hospital discharge is 
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inaccurate for measuring the impact of critical illness on 
severe outcomes [7].

Although critical care represent a significant burden 
on healthcare economics [11], there is still an absence 
of large multicenter studies that allow national or inter-
national comparisons in order to adjust healthcare sys-
tems to support the increased demand for critical care 
and post-ICU care. This lack of data is even more pro-
nounced for emerging countries, which account for 
more than 50% of the world’s population and face mas-
sive demographic and socioeconomic transformation, 
with increased urbanization, economic development, and 
population growth [12]. Very few studies have assessed 
long-term outcomes after ICU discharge in emerging 
countries. Most of them were single-center [7, 10, 13–15] 
and some were focused on a specific patient population 
[16]. Nationally representative information is needed 
to understand the patterns of mortality, morbidity, and 
healthcare resource use after critical illness to allow for 
better targeting of follow-up care, especially in the sce-
nario of relative restrained resources of emerging coun-
tries. Given this knowledge gap, we developed a study 
aiming to describe long-term outcomes after ICU dis-
charge, including mortality and hospital readmissions, in 
a large database of patients assisted by the Brazilian pub-
lic healthcare system.

Methods
A more detailed description of the methods is available in 
the Electronic Supplementary Material (ESM).

We performed a retrospective multicenter cohort study 
aiming to compare the long-term outcomes of patients 
admitted to ICU or to regular wards of public and pri-
vate hospitals affiliated to the public healthcare system in 
Brazil.

This study used two case-based administrative data-
bases: the Hospitalization Information System (Sistema 
de Informações de Hospitalizações—SIH) database from 
2005 to 2010 and the Mortality Information System 
(Sistema de Informações de Mortalidade—SIM) data-
base from 2005 to 2010. The SIH database comprises 
about 75% of all hospitalizations in Brazil, as it contains 
only hospitalizations in hospitals that are vinculated 
to the National Public Health System (Sistema Único 
de Saúde—SUS). SIH data are primarily used for reim-
bursement purposes, so the likelihood of underreported 
records is small [17]. The SIM data comprise Interna-
tional Classification of Diseases, 10th Edition (ICD-10) 
codes for the underlying and associated causes of death 
variables. SIM data have national coverage and represent 
almost the totality of deaths occurring in Brazil [18, 19].

In order to identify multiple hospitalization records 
pertaining to the same individuals and to link the 

hospitalization with the respective mortality records, a 
three-step process was applied. First, an in-house deter-
ministic record linkage algorithm was done similarly as 
described to find SIH records of the same patient [20–
22]. Then, consecutive records of the same patient with 
an interval of up to 2 days between discharge and read-
mission were considered as belonging to the same epi-
sode of disease. Repeated records of the same episode 
of disease were discarded. The third step was to link the 
hospitalization record of each patient with the corre-
sponding mortality record.

We also merged the hospitalization database to the 
database of the National Registration of Healthcare Facil-
ities (Cadastro Nacional de Estabelecimentos de Saude—
CNES) to evaluate the type of hospital during admission 
(public/private and university/non-university).

Study population
We studied ICU patients aged 15  years or more and a 
sample of 2 patients from hospital wards (non-ICU) 
matched to each ICU patient. These patients were admit-
ted to hospitals of nine state capitals and the Federal 
District in Brazil. Hospitalization records of women for 
delivery were excluded. ICU patients were considered 
those with a hospitalization in an ICU in 2006 or 2007 
and no ICU admission in the preceding year. Non-
ICU controls were those who had a non-ICU hospi-
tal admission in the same years and no ICU admission 
in the preceding year of the ward admission. This ini-
tial hospitalization that defined the start of the follow-
up period for each patient is hereafter called the index 
hospitalization.

ICU patients were paired to non-ICU controls by fre-
quency matching in a ratio of 1:2, according to postal 
code (first 3-digits of the ZIP code) and semester of 
admission. ZIP code was used as a proxy to socio-eco-
nomic status [23, 24].

Outcomes
Primary outcome was death to all causes up to 1 year 
post-discharge. Secondary outcomes were: deaths due to 
all causes in 30 and 90 days and 3 years after discharge; 
hospitalizations due to all causes in 30 and 90 days and 
1 and 3 years post-discharge. Subsequent hospitaliza-
tions after the index hospitalization were ascertained by 

Take‑home message 

In a national public healthcare system of an emerging country, long-
term outcomes of patients admitted to ICUs are poor, with excessive 
mortality and frequent ICU and hospital readmissions. The burden of 
critical illness tended to diminish over time after hospital discharge.
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assessing the several hospitalization records pertaining to 
the same patient. For patients who had multiple hospital-
izations after the index hospitalization, only the first one 
was considered a study outcome.

Potential confounders and/or effect modifiers
We tested age, gender, cancer diagnosis, type of admis-
sion (medical/surgical), university/non-university hospi-
tal, and private/public hospital as potential confounders 
or effect modifiers. Diagnosis of cancer was defined as an 
ICD-10 code C00–C99 listed as the primary diagnosis of 
the index hospitalization.

Statistical analysis
Categorical variables were compared using Pearson Chi-
square or Fisher exact texts. Continuous variables were 
compared using Student t tests or the Wilcoxon–Mann–
Whitney tests, as appropriate.

Hazard ratios (HRs) were estimated for the outcomes 
studied using Cox models. Potential confounders and effect 
modifiers were tested in all models. We assessed confound-
ing by comparing the adjusted and unadjusted HRs for 
each variable and likelihood ratio tests assessed the con-
tribution of each variable and of interaction terms to the 
models. The proportional hazards assumption was tested 
statistically using Schoenfeld residuals and by checking for 
parallel curves in log–log plots [25]. Kaplan–Meier curves 
were used to analyze the differences in survival.

A sensitivity analysis was done to compare risks of 
death and readmission for patients with hospital length of 
stay (LOS) and ICU LOS divided in less than 2 days and 2 
or more days. A significance level was set at 5% (p < 0.05). 
Statistical analyses were performed using STATA-13 
software (Statacorp, College Station, TX, USA).

Ethical issues
Ethical approval for this study was obtained from the 
Ethical Committee of Hospital Sírio-Libanês, Sao Paulo, 
Brazil (CAAE: 01063212.1.0000.5461–3, January 2012).

Results
Baseline demographics and hospitalization characteristics
There were 3,259,008 records on SIH database refer-
ring to all hospitalization events, as shown on Fig.  1. 
After exclusion of patients for previous ICU admis-
sions, admissions for deliveries and patients younger 
than 15  years of age, 1,912,704 records were left in the 
database from 1,544,780 unique patients, and of these, 
108,302 were patients admitted to an ICU. Successful 
matches were found for 99.9% of the ICU group and the 
number of non-ICU patients in the study was 216,292.

The demographic details of both groups are shown 
in Table  1. ICU patients were older (56.7  years ±18.4, 

p < 0.001) and more frequently male. Cardiovascular 
diseases were the main reported diagnosis for hospital 
admission in both groups, but more frequent for ICU 
patients (40.4 vs. 12.6%, p < 0.001). Admissions for medi-
cal reasons during the index hospitalization were more 
frequent than for surgical reasons for both ICU (66.0%) 
and non-ICU patients (88.9%). Median hospital LOS was 
higher for ICU patients and hospital mortality at index 
hospitalization was 18.5% for ICU patients vs. 3.6% for 
non-ICU patients (p < 0.001).

Long‑term outcomes: mortality and readmissions
Up to 1 year after hospital discharge, readmissions were 
more frequent for ICU patients, considering both ICU 
and ward readmissions. Table  2 details data on patients 
readmitted. In the first year after discharge from the 
index hospitalization, 25.4% of all ICU patients and 17.4% 
of all non-ICU patients were readmitted in a median 
interval from first readmission of 81 (35–179) and 123 
(49–225) days (p < 0.001), respectively. Patients were 
readmitted frequently up to 30 days in both groups (21.1 
vs. 16.0%, p < 0.001) and patients readmitted to ICU beds 
represented 31.4% of all ICU patients and 7.3% of all non-
ICU patients (Table 2).

Most of the first readmissions had the same diagnosis 
as the index hospitalization (52.5% for ICU vs. 61.1% for 
non-ICU patients, p < 0.001). Causes of first readmission 
are reported in E-table  1 of the ESM. Hospital mortal-
ity following the first readmission was 25.5% for ICU 
patients and 14.9% for non-ICU patients (p < 0.001).

The Kaplan–Meier survival curve of all patients dis-
charged alive from their index hospitalization (88,285 
ICU patients and 208,584 non-ICU patients) is shown 
on Fig.  2. Table  3 shows the overall mortality rate at 1 
and 3  months and 1 and 3 years. Mortality rate at one 
year (primary outcome) was 14.3% for ICU patients and 
3.9% for non-ICU patients (Table 3). In the non-adjusted 
analyses, ICU patients had an increased risk for mor-
tality at all intervals evaluated. Risk of readmission was 

Fig. 1  Study flowchart
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also higher for ICU patients on the same periods. In the 
adjusted analyses, a significant interaction was found 
between surgical status and mortality, so we reported 
the results stratified by this variable. Risk of mortality 
and readmission was higher for medical patients as com-
pared to surgical ones in all periods analyzed (Table  3). 
E-table 2 of the ESM demonstrates the multivariate anal-
ysis adjusted for gender, age, cancer, and university/non-
university hospital. There was no significant adjustment 
for the hospital according to public/private type.

The sensitivity analysis according to LOS is reported 
on E-table  3 of the ESM. In both subgroups (less than 
2 days and 2 or more days), ICU patients had increased 
risk for mortality and readmission in all the periods of 
observation.

Throughout the study follow-up of 3 years, 60,617 
patients died (37,321 ICU patients vs. 23,296 non-ICU 
patients), and the main causes of death for both groups 
were cardiovascular diseases (32.5% for ICU patients and 
27.6% for non-ICU patients) and cancer (18.4% for ICU 
patients and 27.3% for non-ICU patients; ESM E-table 4).

Discussion
In this multicenter study, patients discharged from Bra-
zilian ICUs affiliated to the public healthcare system had 
increased long-term mortality and more frequent ICU 
and hospital readmissions up to 3 years after discharge as 
compared to matched pairs admitted to the wards. The 
burden of ICU admission tends to reduce with time, and 
patients admitted for medical reasons have increased risk 
of death and readmission than surgical ones. This study 
has important implications regarding provision of critical 
care resources and establishing healthcare policies focus-
ing on early rehabilitation for reducing post-discharge 
ICU burden.

Research into context
Our study adds evidence to the literature that demon-
strates increased mortality and healthcare resource uti-
lization after hospital discharge of an ICU admission [8, 
26]. Admission to the ICU resulted in elevated mortal-
ity rates during the entire study follow-up, starting with 
18.5% at the index hospitalization, 9.7% up to 90 days, 
and 14.3% within 1 year for those that survived the index 
hospitalization. Population-based studies in developed 
countries found similar mortality rates of critically ill 
patients being 13–19% [2, 4, 11], while single-center stud-
ies from Brazil and Thailand demonstrated higher hospi-
tal mortalities of 33 and 44%. These discrepant numbers 
could be possibly explained by different case mix, since 
both studies were done in large regional tertiary hospi-
tals [7, 13]. Regarding long-term mortality, our study 
identified an increased risk of death occurring up to 90 
days after hospital discharge. This is in accordance with 
previous studies indicating that the effect of an acute ill-
ness reduces over time after discharge [7, 8, 27, 28]. In a 
single-center Brazilian study, Ranzani et al. identified that 
residual organ dysfunction at ICU discharge is related 
to increased healthcare resource use and predominant 
early mortality [7]. Accordingly, Garland et al. suggested 
that major determinants of mortality up to 90 days are 
related to acute illness, while late unfavorable outcomes 
are more associated with age and comorbidities [27]. 

Table 1  Demographic data and  outcomes at  index hospi‑
talization of  ICU and non-ICU patients admitted to Brazil‑
ian hospitals

SD standard deviation, ICD International Classification of Diseases, LOS length of 
stay, ICU intensive care unit

Variable ICU patients Non-ICU 
patients

p value

N % N %

All patients (N = 324,594) 108,302 33.4 216,292 66.6 –

Male gender 59,675 55.1 93,954 43.4 < 0.001

Age, mean (SD), years 56.7 (18.4) 45.7 (19.4) < 0.001

Age group < 0.001

 15–19 years 3123 2.9 14,196 6.6 –

 20–29 years 8573 7.9 43,575 20.2 –

 30–39 years 9746 9.0 39,238 18.1 –

 40–49 years 14,897 13.8 34,740 16.1 –

 50–59 years 21,330 19.7 29,769 13.8 –

 60–69 years 21,802 20.1 23,995 11.1 –

 70–79 years 18,703 17.3 19,279 8.9 –

 80 + 10,128 9.4 11,497 5.3 –

Hospital admission diag-
nosis (ICD-10)

< 0.001

 Cardiovascular diseases 43,791 40.4 27,230 12.6 –

 Cancer 12,142 11.2 19,454 9.0 –

 Gastrointestinal diseases 3562 3.3 8933 4.1 –

 Hematological diseases 246 0.2 681 0.3 –

 Hepatic diseases 895 0.8 1441 0.7 –

 Infectious diseases 7340 6.8 16,282 7.5 –

 Metabolic diseases 1921 1.8 5141 2.4 –

 Neurological diseases 1796 1.7 5318 2.5 –

 Renal diseases 2742 2.5 5918 2.7 –

 Respiratory diseases 6966 6.4 6805 3.2 –

 Sepsis 3607 3.3 833 0.4 –

 Others 23,294 21.5 118,256 54.7 –

Type of admission < 0.001

 Clinical 71,503 66.0 192,303 88.9 –

 Surgical 36,799 34.0 23,989 11.1 –

Outcomes

 LOS ICU, days 3 (1–6) –

 LOS hospital, days 9 (5–17) 3 (1–6) < 0.001

 Hospital mortality 20,017 18.5 7708 3.6 < 0.001
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Unfortunately, as neither organ dysfunction nor comor-
bidities were available in our secondary databases, we 
cannot clarify their impact on these results.

We reported that 25.4% of ICU patients were readmit-
ted to a hospital facility in the first year after discharge 
and this readmission rate is lower than other studies. 
Data from previous studies identified readmission rates 
of 37% from Brazil [7], 41% from Canada [6], and 36.1% 
for a US Medicare-assisted population [2]. Since we could 
not obtain disease severity scores and comorbidities data, 
it is difficult to explain these discrepancies. Moreover, we 
found higher hospital mortality at the first readmission 
(25.5% for ICU patients and 14.9% for non-ICU patients) 
and a significant number (31.4%) of ICU patients that 

required again an ICU admission at rehospitalization. 
These numbers are in contrast with previous studies that 
identified 10.4% of ICU readmission in the subsequent 
year from ICU discharge [6]. Such events of readmis-
sion, critical care resource use, and high mortality after 1 
year might be the result of premature discharges, limited 
access for post-hospitalization services, or both.

Strengths and limitations
A major strength of our study is its multicenter nature 
with a large number of patients included, which is not 
common in studies from a developing country. Moreover, 
our robust statistical methodology was able to adequately 
match ICU and non-ICU patients to evaluate their long-
term mortality and resource use. ZIP code was used as a 
proxy for socio-economic status and semester of admis-
sion to allow for the groups to have a similar follow-up 
period. Linkage of national healthcare registries provided 
a more complete, national picture of longer-term out-
comes for ICU survivors. Comparing ICU survivors 
to matched hospital cohorts also provides a method of 
exploring the magnitude of excess mortality and health-
care resources associated with ICU survivorship and 
identifying patients at greatest risk [8].

However, our study has several limitations. First, the 
hospitalization information system database is collected 
only for administrative and reimbursement purposes. 
While it provides a national representative picture from 
the public healthcare system, it does not have important 
information regarding functional status, comorbidities, 
or disease severity. Especially for comorbidities, the lack 
of data did not allow us to adjust our model for pre-illness 

Table 2  Characteristics of  patients readmitted to  ICU and  wards in  Brazilian hospitals up  to 1 year after  hospital dis‑
charge

ICU intensive care unit, ICD International Classification of Diseases, LOS length of stay

Variable ICU patients Non-ICU patients p value

N % N %

Patients surviving index hospitalization (n = 296,869) 88,285 208,584

Patients readmitted (n) 22,440 25.4% 36,312 17.4% < 0.001

Male gender (n) 12,495 55.7% 17,835 49.1% < 0.001

Age (years) 57.5 (17.5) 50.9 (19.2) < 0.001

Discharge-readmission interval (days) 81 (35–179) 123 (49–225) < 0.001

Patients readmitted to ICU up to 1 year (n) 7046 31.4% 2657 7.3% < 0.001

Same readmission diagnosis as index hospitalization (ICD-10; n) 11,786 52.5% 22,202 61.1% < 0.001

Readmission ICU LOS (days) 3 (1–6) – < 0.001

Readmission hospital LOS (days) 10 (6–19) 4 (2–10) < 0.001

Outcomes

 Number of readmissions post-discharge 1 (1–2) 1 (1–2) < 0.001

 Number of ICU readmissions post-discharge 1 (1–1) 1 (1–1) < 0.001

 Hospital mortality at readmission 5732 25.5 5411 14.9 < 0.001

Fig. 2  Three-year Kaplan–Meier survival curve for ICU and non-ICU 
patients
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potential trajectory. So, the long-term outcomes meas-
ured here may be more the result of severe chronic dis-
eases than the impact of critical illness. Second, due to 
SIH characteristics, the cause of admission described in 
this study is related to hospital admission and not specifi-
cally ICU admission. This may be associated with coding 
issues, as demonstrated for instance by the low percent-
age of sepsis admissions in our subgroup of ICU patients.

Another limitation was that our matching strategy 
was only based on admission semester and ZIP code. 
Another possible matching approach would be to com-
pare ICU and non-ICU patients according to the other 
variables like age, gender, and LOS. Even though this last 
strategy would allow more adequate group comparisons 
than the one used, in a context of few data characteriza-
tion parameters available, such as in our database, using 
these clinical variables for matching would not allow us 
to study their effects on the outcomes and would reduce 
the number of patients for analysis, as not all ICU cases 
would have their correspondent controls. Also, as 25% 
of the non-ICU matched patients had only 1 day of hos-
pital stay, our results may have been influenced towards 
uncomplicated patients in the non-ICU arm, since these 
short-stay patients add very little to the post-discharge 
burden. However, maintaining these patients in the 
cohort increases the generalizability of our findings, and 
our sensitivity analysis using a cutoff for LOS of 2 days 
corroborated the main results. As a retrospective study 
using an administrative database with limited patient 
data, our model is indeed not able to correct for unmeas-
ured confounders even with the matching and model 

adjustments for the available confounders and interac-
tions. The model only claims to provide an association, 
not a causal relationship.

Also, some of our patients’ readmissions may have been 
missed because this database only comprises hospitaliza-
tions in hospitals that are public or private but associated 
with the National Public Health System. Some deaths 
may also have been missed because the linkage proce-
dures used, despite previously demonstrated good per-
formances when used in similar databases, do not have 
100% sensitivity and specificity. In addition, although we 
collected data from major state capitals comprising all 
regions of the country, we do not know the outcomes of 
ICU patients admitted to countryside hospitals. Moreo-
ver, these administrative databases did not contain infor-
mation on post-ICU quality of life and functional status, 
which would allow a more complete understanding of 
the long-term consequences of critical illness. Finally, 
we were not able to compare ICU and non-ICU patients 
with the general Brazilian population of similar age and 
gender.

Conclusions
In a national public healthcare system of a developing 
country, long-term outcomes of patients admitted to 
ICUs are poor, with excessive mortality and frequent ICU 
and hospital readmissions. The burden of critical illness 
tends to reduce over time after hospital discharge.

Electronic supplementary material
The online version of this article (https​://doi.org/10.1007/s0013​4-018-5252-3) 
contains supplementary material, which is available to authorized users.

Table 3  Multivariable model of mortality and readmission risk for ICU patients and non-ICU patients

*Adjusted for age, sex, presence of cancer, and university/non-university hospital. Presence of effect modification by surgical/medical patients

Case definitions Number of deaths/readmissions 
(%)

Crude HR (95% CI)
p value

Adjusted HR* (95% CI)
p value

ICU patients
N = 88,285

Non-ICU patients
N = 208,584

Surgical patients Medical patients

Death up to 1 month post-index hosp. 5502 (6.2%) 1891 (0.9%) 7.1 (6.72–7.43)
< 0.001

4.9 (4.22–5.82)
< 0.001

6.6 (6.23–7.0)
< 0.001

Death up to 3 months post-index hosp. 8591 (9.7%) 3639 (1.7%) 5.83 (5.61–6.06)
< 0.001

4.09 (3.63–4.61)
< 0.001

5.29 (5.08–5.53)
< 0.001

Death up to 1 year post-index hosp. 12,624 (14.3%) 8277 (3.9%) 3.86 (3.75–3.96)
< 0.001

2.74 (2.53–2.97)
< 0.001

3.43 (3.33–3.54)
< 0.001

Death up to 3 years post-index hosp. 17,304 (19.6%) 15,588 (7.4%) 2.87 (2.81–2.93)
< 0.001

1.95 (1.84–2.07)
< 0.001

2.56 (2.5–2.63)
< 0.001

Readmissions up to 1 month post-index hosp. 7249 (8.2%) 7362 (3.5%) 2.45 (2.38–2.54)
< 0.001

1.86 (1.72–2.02)
< 0.001

2.32 (2.15–2.35)
< 0.001

Readmissions up to 3 months post-index hosp. 13,023 (14.8%) 15,624 (7.5%) 2.16 (2.11–2.21) 1.54 (1.46–1.63) 2.03 (1.97–2.08)

Readmissions up to 1 year post-index hosp. 22,440 (25.4%) 36,312 (17.4%) 1.66 (1.63–1.68) 1.23 (1.19–1.28) 1.54 (1.52–1.58)

Readmissions up to 3 years post-index hosp. 30,503 (34.7%) 58,444 (28%) 1.45 (1.43–1.47) 1.13 (1.09–1.17) 1.34 (1.31–1.36)

https://doi.org/10.1007/s00134-018-5252-3
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