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Objective: Evaluate host and pathogen factors associated with mortality in those with
hospital acquired infections (HAI) in a tertiary intensive care unit in Brazil.

Methods: Observational and analytical cohort single center study in a general intensive care
unit (ICU) in Northeastern Brazil between January 2016 and August 2018, including those
over 18 years of age admitted to the ICU found to have a HAIL

Results: A total of 165 patients were included, with a mean age of 72 years and male
predominance (53.3%) and observed mortality of 46%. Mortality in those with HAI was
significantly associated with older age, increased ICU length of stay and readmission to the
ICU in univariate analysis. Multivariate analysis revealed that development of septic shock
and obtundation during ICU admission was significantly associated with an increased risk of
death (OR: 6.94, 95% CI 1.23-39.27, OR: 2.48, 95% CI 1.17-5.29, respectively). A trend
towards mortality risk was noted in those with increased age and prior cardiovascular
disease. Surprisingly, mortality risk was independent of site of infection, type of pathogen
and antibiotic resistance. Furthermore, having more than one HAI over the course of the ICU
admission did not impact mortality.

Conclusion: Risk of death in those with HAI is associated with obtundation and septic
shock, in addition to vasopressor use. Host factors, rather than pathogen-specific character-
istics or infecting site, impact risk of death related to HAI in the ICU.

Keywords: hospital acquired infection, ICU, mortality, critical illness, septic shock,

intensive care

Introduction

A critical challenge has emerged in intensive care units (ICU) worldwide to prevent
infections after admission or related to diagnostic and/or therapeutic procedures.
Numerous bundles have been developed to address this issue with variable success
(eg head of bed elevation, chlorhexidine oral care). Despite these efforts, hospital
acquired infections (HAI) in the ICU continue to occur at a relatively high rate.
These infections are associated with significant in-hospital mortality and morbidity
that lead to prolonged hospital stay and increased healthcare costs. Critically ill
patient co-morbidities and types of infecting pathogens have been shown to impact
complications related to HAIs, often leading to more severe and life-threatening
outcomes.” Long-term treatment with antibiotics and subsequent infection with
multi-drug resistant bacteria has been implicated in increased ICU mortality in
those with HAIs.> Compounded with increasing HAI incidence, a multi-national
European study identified the emergence of multi-drug resistance, particularly
among Gram negative bacteria.* Furthermore, prior work noted the critical role of
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HAIs in the development of in-hospital septic shock and
death if not rapidly recognized and appropriately treated,
particularly in critically ill patients.’

While much work has been done to elucidate complica-
tions related to HAIs, few studies to date have evaluated
factors associated with ICU mortality in those with HAIs in
Brazil.*® ANVISA, the Health Regulatory National Agency,
publishes the Patient Safety and Quality in Health Services
bulletin on the incidence of central line associated blood-
stream infections (CLABSI), catheter associated urinary tract
infections (UTTI), ventilator associated pneumonia (VAP) and
surgical site infection (SSI). A Brazilian study in 2015 noted
a mortality rate of 38.4% in those with HAI, while HAI was
considered a contributing factor in 87.1% of those who died.
Moreover, mortality in those with HAI was associated with
comorbidities, invasive procedures, pneumonia, endocarditis
and infection with resistant microorganisms.® The current
study seeks to determine factors associated with ICU mor-
tality in a critically ill population with HAIs.

Methods

This was a retrospective cohort study in a tertiary ICU in
Salvador, Brazil conducted from January 2016 to
August 2018. All patients over 18 years of age with
a confirmed HAI during ICU admission were included.
Patients with missing data were excluded. Clinical data was
prospectively collected at time of admission through an
electronic medical record for all admitted ICU patients.
Microbiological data and determination of hospital acquired
infection was provided by the infection control department in
accordance with national guidelines (ANVISA). HAIs were
defined as infections not present at admission that developed
on or after the 3rd calendar day of ICU admission. In patients
admitted to the ICU more than once during their hospitaliza-
tion, data was analyzed only for the first ICU admission.

The following data was collected at admission: age,
gender, body mass index (BMI), total length of ICU and
hospital stay, admission classification (clinical or surgical),
main ICU diagnosis, co-morbidities, severity score calcu-
lation (SAPS 3), major location of infection (central line
associated bloodstream infection, urinary tract infection,
respiratory infection and skin), microorganisms isolated in
cultures (Gram positive bacteria, Gram negative bacteria,
Candida or none), and presence of resistance to antimicro-
bials. The vital status at the end of the stay in the unit was
considered the main result.

Additional clinical data collected: vital signs and
laboratory data from the first 6 hours of admission,

including mean arterial pressure (MAP), heart rate,
respiratory rate, temperature, Glasgow coma score,
BRADEN, FOUR, RASS sodium, potassium, ionized cal-
cium, hematocrit, white blood cell (WBC) count with
differential, platelet count, C-reactive protein (admission
and highest during the ICU stay), creatinine, blood urea
nitrogen (BUN), direct bilirubin, pH, PaO2, PaCO2, FiO2,
Pa0O2/FiO2 and lactate. Supportive ICU therapy and inter-
ventions including use of inotropes or vasopressors,
mechanical ventilation and dialysis were noted.

Categorical variables are presented as frequencies and
percentages, while continuous variables are presented as
group-specific mean and standard deviations for normally
distributed variables, and median and interquartile range
for non-normally distributed variables.

Median and interquartile ranges (IQR) were used as
measures of central tendency. Frequencies were compared
using the Pearson’s chi-squared test. Continuous variables
were compared using the Mann—Whitney U-test (between
two groups) or the Kruskal-Wallis test with Dunn’s multi-
ple comparisons (between >2 groups). Correlations were
tested using the Spearman’s rank correlation test.

All variables with p<0.20 by univariate logistic regres-
sion were evaluated in a multivariable logistic regression
model and sequentially removed using backward selection
until all remaining variables had p<0.10 to assess for
confounding factors. Odds ratios with 95% confidence
intervals were used as force measurements for the
correlations.

To assess for direct and indirect relationships amongst
all variables and mortality outcomes, Bayesian network
learning was used to describe and visualize conditional
dependencies between the multiple clinical and laboratorial
variables. P-values were adjusted for multiple comparisons
using the Holm—Bonferroni method.” All analyses were
prespecified. Two-sided p-value <0.05 after adjustment for
multiple comparisons were considered statistically signifi-
cant. Continuous variables were discretized by Hartemink’s
algorithm accessed by “bnlearn” package in R 3.1.057.'°
The learning algorithm used to establish the network struc-
ture was based on the heuristic hill climbing method.'' The
dependencies represented qualitatively by a directed acyclic
graph where each node corresponds to a variable and
a direct arc between nodes represents a direct influence.
Robustness of the arcs was scored by a nonparametric boot-
strap test (100xreplicates).'? Arcs with more than 20%
support were depicted. The strongest associations were
considered those remaining statistically significant in
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>20% bootstraps. Statistical analyses were performed using
SPSS 25.0 (IBM Corporation, Waltham, MA, USA),
GraphPad Prism 6.0 (GraphPad Software Inc., La Jolla,
CA, USA) and JMP 12.0 (SAS Institute Inc., Cary,
NC, USA).

Results

Of the 1671 patients admitted to the ICU during the study
period, 227 had confirmed HAI and 62 individuals without
complete admission data were excluded, yielding a final
cohort of 165 patients. Mean age was 70+17 years old,
53.3% were men, and most patients were admitted from
the emergency room 84 (50.9%) with a cardiovascular 29
(17.6%) or infectious 58 (35.2%) diagnosis. ICU mortality
rate differed significantly based on HAI status, a median
mortality of 14% (12.05-35.59) was predicted by SAPS 3
whereas 76 (46%) patients died in the HAI cohort com-
pared to 322 (14%) in the overall ICU population.
A considerable proportion of our cohort required mechan-
ical ventilation, 59 (35.8%). Additional characteristics are
highlighted in Table 1.

Statistically significant differences in mortality were
observed in those with older age, longer ICU length of
stay and readmission to the ICU within 48 h after dis-
charge. Clinical parameters that were significantly more
associated with deaths during the ICU admission included
lower mean arterial pressure, lower Glasgow coma scale
(GCS), lower platelet count and higher C-reactive protein.
(Table 1)

Site of infection, pathogen, antimicrobial resistance
and multiple HAIs were not statistically significant.
Central line associated bloodstream infections (CLABSI)
were the most frequent type of HAI noted in 59 (35.8%)
patients, followed by respiratory tract infections in 48
(29.1%), urinary tract infections (UTI) in 46 (27.9%) and
skin infections in three (1.8%). Twenty-eight patients
(17%) had more than one infection, 25 (15.2%) with two
infections, and three (1.8%) with three infections or more
during the same ICU admission. The most common bac-
teria isolated were gram negatives in 74 (44.8%) patients
followed by gram positives in 39 (23,6%) and Candida in
six (3.6%), while 46 (27.9%) patients did not have
a pathogen isolated. A total of 46 (27.9%) of the isolated
pathogens were noted to have resistance to at least one
class of antibiotics.

Significant factors identified in univariate analysis were
analyzed in a multivariate regression model to assess for
possible confounders (Figure 1). According to our model,

the following factors were significantly associated with
mortality in our HAI cohort at time of ICU admission:
obtundation (OR 2.48, 95%CI: 1.17-5.29, p=0.018) and
septic shock (OR: 6.94, 95%CI: 1.23-39.27, p=0.028).
Bayesian network analysis recapitulated the regression
findings that infection with resistant organisms does not
have a direct or indirect association with ICU mortality.
Multiple HAIs, while directly associated with ICU length
of stay, did not robustly associate with ICU mortality.
Bayesian network analysis revealed that septic shock, in
contrast to our regression analysis, did not robustly associ-
ate with ICU mortality. Interestingly, acute kidney injury,
age, cardiovascular disease, and vasopressors directly
associated with ICU outcome, albeit with moderate robust-
ness (Supplementary Figure 1). Furthermore, obtundation

at ICU admission directly and robustly interacted with
ICU outcome, concurrent with our regression model
findings.

Discussion
This study is one of few performed in Brazilian ICUs to
examine admission factors associated with ICU mortality
in patients with HAIs. Interestingly, while prior studies
note an HAI rate of 20% to 50% in the ICU," only
13.6% of patients admitted to our ICU developed
an HAIL Given the similar distribution of infection type
in our ICU to other studies, it remains unclear whether
there are unit or patient specific factors that account for
this lower than expected HAI rate. Moreover, while
increased length of stay increases risk of HAIs in general,
we also found an increased risk of death in those with
prolonged hospitalization. Furthermore, prior studies noted
an association between chronic heart failure and increased
risk of death in those with respiratory infections acquired
in the ICU."*'® In contrast to these findings, all patients
with chronic heart failure and HAI in our cohort survived.
The substantial mortality rate of 46% found in our
study is comparable to that found in HAI studies outside

2 17,1
of Brazil,'”"!®

though others have reported lower mortality
rates possibly related to different health-care systems and
study designs.'® ! One previous study performed in
a general hospital population in Brazil noted a mortality
rate of 27.6% and found that the relevant prognostic fac-
tors in the occurrence of death were underlying illness
(HR=3.71) (p=0.056), admission to the ICU (HR=1.61)
and the use of corticosteroids (HR=3.71).%

Whether site of infection impacts mortality has

evolved as HAI definitions have been refined and revised.
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Table | Patient Characteristics and ICU Admission Data

Characteristics Death (n=76) Discharge (n=89) p-value
Male 43 (56.6%) 45 (50.6%) 0.44
Age, mean #SD 75%13 65%18 <0.001*
Re-admission to ICU. n (%) 17 (22.4%) 18 (20.2%) 0.737
Re-admission to ICU within 48 h n (%) 3 (3.9%) 0 (0) 0.059
Location prior to admission 0.122
Emergency 35 (46.1%) 49 (55.1%)
Surgery 7 (9.2%) I (12.4%)
Hospital ward 18 (23.7%) 10 (11.2%)
Transfer from different hospital 14 (18.4%) 19 (21.3%)
Comorbidities n (%)
Chronic heart failure 0 (0%) 8 (9%) 0.007
Chronic kidney disease Il (14.5%) 21 (23.6%) 0.136
Cirrhosis 2 (2.9%) I (1.1%) 0.47
Diabetes mellitus 32 (42.1%) 36 (40.4%) 0.829
Cardiovascular disease 17 (22.4%) 28 (31.5%) 0.191
Previous stroke 18 (23.7%) 18 (20.2%) 0.592
Dementia 10 (13.2%) 6 (6.7%) 0.165
Performance status n (%) 0.06
Completely independent 57 (75%) 75 (84.3%)
Partially independent 6 (7.9%) 9 (10.1%)
Fully dependent 13 (17.1%) 5 (5.6%)
Admission clinical data
SAPS3 predicted mortality (median, IQR) 30.51 (20.4-49.3) 1591 (8.9-25.7) <0.001
Respiratory rate 20(18-25) 20 (18-22) 0.23
Temperature (°C) 36 (35.1-36.6) 36 (35.1-36.6) 0.833
Mean arterial pressure (mmHg) (mean *SD) 92.61 (74.5-107.5) 100.02 (83.5-116.17) 0.025
Glasgow coma score 14 (11-15) 15 (13-15) 0.012
Hematocrit 3348.1 32.7+8.2 0.828*
White blood cell (x10%) 12.1 (9-17.1) 124 (8.3-17.1) 0.83
Platelets (X 10%) 206 (147-308) 272 (194-343) 0.014
Lactate (mmol/L) 1.3 (1-1.9) 1.2 (0.8-1.9) 0.174
Creatinine (mg/dL) 0.9 (0.6-2.3) 0.8 (0.6-2.3) 0.606
Admission C-reactive protein (mg/L) 82.20 (17.30-129) 30.25 (10.14-93.30) 0.021
Peak C-reactive protein (mg/L) 200 (115.5-201) 108 (79.3-198) <0.001
Outcomes and complications
ICU length of stay (days) (median, IQR) 22 (14-47) 17 (8-29) 0.025
Mechanical ventilation 34 (44.7%) 25 (28.1%) 0.026
Vasopressors 15 (19.7%) 5 (5.6%) 0.06
Acute kidney injury 12 (15.8%) 6 (6.7%) 0.063
Obtundation 50 (65.8%) 36 (40.4%) 0.001
Septic shock 9 (11.8%) 2 (2.2%) 0.014

Note: *Chi-squared test.

Specifically, prior work noted that catheter-associated
urinary tract infections acquired in the ICU may not
increase risk of death compared to those without these
infections.”® This finding contrasts with CLABSI and
HAP, which previously were associated with increased

mortality in the ICU when compared to their noninfected
counterparts. It may be that these infections lead to
a higher bacterial burden, are characterized by more viru-
lent and resistant pathogens or related to host factors that
reflect increased severity of ICU disease (central vascular
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Parameter Model QOdd Ratio (95%Cl) p-value
Age unadiusted & 1.04 (1.02-1.06) <0.01
(years) g
adjusted * 1.05 (1.03-1.08) <0.01
Cardiovascular  unadjusted r—<>—4 2.15(1.01-2.26) 0.015
disease :
adjusted —— 2.31(0.94-5.64) 0.067
Obtundation  unadjusted | ——p—— 283 (150-5.44) 0.003
adjusted e 2.48 (1.17-5.29) 0.018
Septic Shock unadjusted 5.84 (1.22-27.95) 0.007
adjusted X 3 6.94 (1.23-39.27) 0.028
Peak CRP unadjusted ¢ 1.01(1.01-1.02) <0.01
(mg/L) :
adjusted L 2 1.01 (1.00-1.02) 0.003
0

5

10 15

association with mortality

Figure | Adjusted and unadjusted multivariate regression model for ICU mortality. Univariate analysis yielded unadjusted odds of death. Multivariate regression adjusted for

differences in baseline characteristics (variables with p<0.l in univariate comparisons).

access, intubation). While older studies noted a shift
towards gram-positive bacterial infections in HAI**?*3
recent studies demonstrate that over 50% of ICU nosoco-
mial infections are due to gram-negative bacteria.’®" It
is known that multidrug resistant bacteria are a major
health care problem and associated with increased mor-
tality, however, only a small fraction of deaths have been
directly attributed to them in infected patients by previous
studies.”®*" Interestingly, our study found no significant
difference in mortality based on site of infection, type of
infecting pathogen or antibiotic resistance. Given the
limited number of patients with multiple infections dur-
ing the same hospitalization, our study may be under-
powered to detect a mortality difference based on
number of HAIs.

Complications beyond mortality in the ICU including
need for mechanical ventilation and use of vasopressors,
were significantly different in survivors compared with
nonsurvivors in univariate analysis in our study, similar
to another study performed in Ethiopia.*°

Despite the strengths of our study, there are several
limitations that require acknowledgement. As a single center
study performed over a limited time, there was an unex-
pected paucity of HAIs that may account for our modest
sample size. Population and local characteristics could be
potential confounders, since previous studies have shown
that factors such as type of admission and length of stay are

associated with multiresistant infections.>' Exclusion of
patients with missing data, either microbiologic or clinical
led to a reduced sample size. Balanced against this smaller
sample is a robust and detailed record for each patient that
significantly enriched the analytical potential of our study.
Moreover, rigorous approaches were utilized to assess inter-
action between variables and mortality to account for poten-
tially confounding and misleading findings. Finally, an
analysis on the appropriateness of the given antibiotics
would have been of great value to this study, especially
because a tendency of greater infection rates with multi-
resistant pathogens has been independently associated with
use of certain antibiotics.”> Unfortunately, given the low
number of individuals with recorded data matching identifi-
cation of specific pathogens, the antimicrobials used and the
drug resistance profile, we could not perform analyses separ-
ating such categories.

Conclusion

Individuals who develop HAI during hospitalization in the
ICU had a greater chance of death when they presented, on
admission, with altered consciousness or met the criteria
for septic shock. These findings highlight the importance
of early recognition and treatment of those at risk of death
with HAIs in a vulnerable ICU population. Findings from
this study may help intensivists identify patients at greatest
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risk of death from HAIs to guide targeted ICU monitoring
and rapid treatment interventions.
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catheter associated urinary tract infections; CLABSI, cen-
tral line associated bloodstream infections; HAI, hospital
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acquired infections; intensive care units; ;
lines; SSI, surgical site infection; VAP, ventilator asso-

ciated pneumonia; WBC, white blood cell.
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