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Abstract

Introduction: Combined antiretroviral therapy has led to significant decreases in morbidity and mortality in acquired
immunodeficiency syndrome patients. Survival among these patients admitted to intensive care units has also improved in
the last years. However, the prognostic predictors of human immunodeficiency virus patients in intensive care units have
not been adequately studied. The main objective of this study was to evaluate if non-adherence to antiretroviral therapy
is a predictor of hospital mortality.

Methods: A unicentric, retrospective, cohort study composed of patients admitted to a 59-bed mixed intensive care unit
including all patients with human immunodeficiency virus infection. Patients were excluded if exclusive palliative care was
established before completing 48 h of intensive care unit admission. Clinical and treatment data were obtained, including
demographic records, underlying diseases, Simplified Acute Physiology Ill score at the time of intensive care unit admis-
sion, CD4 lymphocyte count, antiretroviral therapy adherence, admission diagnosis, human immunodeficiency virus-
related diseases, sepsis and use of mechanical ventilation and hemodialysis. The outcome analyzed was hospital mortality.
Results: Overall, 167 patients were included in the study, and intensive care unit mortality was 34.7%. Multivariate analysis
indicated that antiretroviral therapy adherence and the Simplified Acute Physiology 3 score were independently related
to hospital mortality. antiretroviral therapy adherence was a protective factor (OR 0.2; 95% Cl 0.05-0.71; P=0.01), and
Simplified Acute Physiology 3 (OR 1.04; 95% CI 1.01-1.08; P <0.01) was associated with increased hospital mortality.
Conclusion: Non-adherence to antiretroviral therapy is associated with hospital mortality in this population. Highly active
antiretroviral therapy non-adherence may be associated with other comorbidities that may be associated with a worst
prognosis in this scenario.
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patients being treated in ICUs have decreasing mor-
tality rates.® However, the prognostic predictors in
this population are poorly described, including the
previous or current use of ART and prior therapeutic
adherence.”® The main objective of this study was to
evaluate the main risk factors for ICU mortality in this
population, specifically previous ART use, immuno-
suppression status and antiretroviral adherence.

Methods

A retrospective cohort study was conducted in the
adult ICU of the Hospital Nossa Senhora da
Conceigdo, an 800-bed tertiary hospital located in
Porto Alegre, Brazil. The ICU has 59 beds and
covers all medical and surgical cases. The study was
approved by the local Ethics Committee (institutional
review board number < 60248716.3.0000.5530).
Informed consent was waived because of the observa-
tional nature of the study. The study cohort included
all patients with HIV infection that were admitted to
the ICU in a “full code” status, that is, patients who
do not have withholding or withdrawing of life-
sustaining treatments, between January 2014 and
December 2015. HIV diagnoses were confirmed by
anti-HIV serology and HIV viral load, and at least
one CD4+ (CD4) lymphocyte cell count was per-
formed before or immediately after ICU admission.
Patients were excluded if exclusive palliative care was
established before completing 48 h of ICU admission.
Clinical and treatment data were obtained retrospect-
ively from the patient’s medical charts and electronic
records, including demographic records, underlying
diseases, Simplified Acute Physiology (SAPS) III
score at the time of ICU admission, CD4 lymphocyte
count, ART adherence, admission diagnosis, HIV-
related diseases, sepsis and use of mechanical ventila-
tion (MV), hemodialysis (HD) or vasopressor.
Patients were defined as adherent to ART if they or
their next-of-kin reported taking their medication ‘all
of the time’ or ‘most of the time’ (month long adher-
ence) or if they had not missed any medications in the
past week/3-day period.” The outcome analyzed in
this study was hospital mortality. Patients who were
treatment-naive were not included in the analysis that
explored ART adherence.

Continuous variables were reported as the means
with standard deviation (SD) when distributed nor-
mally or as the medians with interquartile range
when skewed. Differences between mean values were
tested via Student’s r-test, and differences between
medians were assessed using the Mann—Whitney
U-test. Categorical data were summarized as propor-
tions, and a chi-square test or Fisher’s exact test was
used to examine differences between groups. We
developed a downward logistic regression for the pri-
mary outcome (hospital mortality). Variables were
included in the model using a P-value <0.1 as a cut-
off. Covariates in the model included demographics,

comorbidities, SOFA score, antibiotic therapy and
time of antibiotic therapy. All tests were two-tailed,
and a P-value < 0.05 was deemed a priori to represent
statistical significance. All analyses were performed
using SPSS 19.0 software (IBM SPSS, Armonk, NY,
USA).

Results

There were 176 hospitalizations of HIV patients in the
ICU within the study period. Of these, nine hospital-
izations were excluded because they did not have at
least one CD4 count or had been prescribed palliative
care within the first 48 h of hospitalization. Ninety-
two patients had a previous hospital admission, and
29 had already undergone ICU admission. The mean
length of stay in the ICU was 14.32 days, and the
overall hospital mortality rate was 34.7%. The epi-
demiological characteristics are described in Table 1.
The most frequent reason for ICU admission was
sepsis (69.5%), followed by pneumonia (49.1%).

Patients who were discharged from the hospital did
not have a CD4 count higher than patients who died
during hospitalization (91+£135 versus 69 +95;
P=0.69, respectively). Patients with CD4 counts
below 50 cells/ml had a mortality rate of 34.9%, simi-
lar to the rate of those with CD4 counts between 50
and 200 cells/ml (34.2%) and above 200 cells/ml
(35.3%); P=0.994. There were no differences
between patients discharged from the hospital and
those that died in relation to age (44419 versus
42+ 14; P=0.11, respectively), BMI (19 £ 5.6 versus
18.5+6; P=0.3, respectively), previous ART use
(OR 1.26, 95% CI 0.76-2.08; P=0.374, respectively)
or sepsis at admission (OR 1.68 95% CI 0.97-2.90;
P =0.04, respectively), and they were not associated
with the outcome. The bivariate analysis showed that
the factors related to hospital mortality were ART
adherence (OR 0.48; 95% CI 0.29-0.8; P=0.003);
invasive MV (OR 1.68; 95% CI 1.46-1.92;
P=0.001), vasopressor use (OR 2.15; 95% CI 1.89—
9.0; P=0.001), hemodialysis (OR 2.11; 95% CI 1.43—
3.1; P=0.001), vasopressor use at admission (OR 6.8;
95% CI 2.7-17.21; P=0.001) and the SAPS 3 score
(70+18 in patients with ICU discharge versus
84.54+25 for ICU death; P=0.001). Association
between variables and the outcome (hospitalar mor-
tality) are described in Table 2. Of the 119 patients
who were on ART at admission to the ICU, 75 were
discharged and 44 died. Patients with HAART adher-
ence had higher CD4 count as compared with non-
adherent patients: 151 (346-74) versus 57 (111-12),
P <0.001; but not different SAPS 3 score at ICU
admission: 74 (£16) versus 77 (£18), P=0.49;
respectively.

A logistic regression was performed to ascertain
the effects of age, hospital length-of-stay before ICU
admission, undetectable viral charge, ART adherence,
invasive MV, hemodialysis, sepsis at ICU admission
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Table 1. Main clinical characteristics.

Table 2. Association between clinical charts and outcome.

% or Mean/

Variable median (SD/IQR)
Male sex 61.1%

ICU death 34.7%

Age 43.7 (12.4)

BMI 19.7 (5.7)

SAPS 3 score 754 (16.9)

ICU length of stay — days 14.3 (16.9)

CD4 lymphocyte count 136.7 (197.3)

Viral charge 758,619 (1,631,695)
HAART adherence 38.9%
Non-adherence 61.1%

Admission diagnosis

Sepsis 69.5%
Pulmonary TBC 30.5%
Extrapulmonary TBC 30.5%
CNS infection® 23.4%
PCP 21.6%
Pneumonia® 49.1%
Cryptococcosis 7.8%
Non-HIV related 25.7%
Invasive MV
At admission or in the first 73.7%
24 h of ICU admission
>24h post-ICU admission 12%
No 14.3%
RRT use
<24 h of ICU admission 8.4%
>24h of ICU admission 17.9%
No 73.6%
Vasopressor use
<24 h of ICU admission 49.7%
>24h of ICU admission 17.9%
No 32.3%

BMI: body mass index; CNS: central nervous system; HAART: highly
active antiretroviral therapy; HD: hemodialysis; ICU: intensive care unit;
IQR: interquartile range; MV: mechanical ventilation; PCP: Pneumocystis
carini pneumonia; RRT: renal replacement therapy; SAPS: Simplified
Acute Physiology Score; SD: standard deviation; TBC: tuberculosis.
?CNS infection refers to bacterial or viral meningitis, acute viral
encephalitis, toxoplasmosis or progressive multifocal
leukoencephalopathy.

®Pneumonia refers to community or hospital-acquired bacterial or viral
pneumonia, not related to TBC.

and SAPS 3 score on hospital mortality. We did not
include vasopressor use at admission because it is a
variable included in the SAPS 3 score. The logistic
regression model was statistically significant
(X*=46,417; P <0.0001). The model explained
43.9% (Nagelkerke R?) of the variance in hospital
mortality and correctly classified 72.5% of the cases.
The only variables independently related to outcome
(hospital death) were ART adherence and SAPS 3
score. ART adherence was a protective factor (OR

Variable OR (95% ClI) P
Male sex 0.86 (0.67-1.09) 0.23
Viral load >50 copies/ml 1.2 (1.01-1.4) 0.04
HAART use 0.9 (0.74-1.1) 0.33
HAART adherence 0.56 (0.36-0.86) 0.03
Previous hospital admission 0.9 (0.68-1.2) 0.5
Previous ICU admission 1.67 (0.76-3.68) 0.18
Sepsis 2.13 (1.01-4.5) 0.04
Pulmonary TBC 0.75 (0.38-1.49) 0.42
Extrapulmonary TBC 0.92 (0.36-2.34) 0.86
Neurologic disease 1.26 (0.58-2.72) 0.55
Pneumocystosis 0.68 (0.32-1.45) 0.32
Bacterial pneumonia 0.85 (0.45-1.61) 0.62
Histoplasmosis 1.63 (0.16—15.86) 0.67
Cryptococcosis 2.35 (0.75-7.35) 0.13
Bacterial meningitis 1.89 (0.11-31.2) 0.64
Non-HIV-related disease 0.76 (0.36-1.6) 0.47
Invasive MV 1.28 (1.16-1.41) <0.01
HD 2.47 (1.49-4.09) <0.01

Cl: confidence interval; HAART: highly active antiretroviral therapy;
HD: hemodialysis; ICU: intensive care unit; MV: mechanical ventilation;
TBC: tuberculosis.

Table 3. Multivariate analysis of variables and hospital
mortality.

Adjusted OR

Variable (95% CI) P

Sepsis at admission 0.93 (0.31-2.78) 0.9

HAART adherence 1.78 (0.05-0.71) 0.01
HD 0.49 (0.16-1.45) 0.20
SAPS 3 score 1.02 (1.01-1.08) <0.01
Age 1.02 (0.98-1.06) 0.17

Hospital length of stay
in previous ICU admission

0.97 (0.94-1.01) 0.22

Viral charge >50 copies/ml 1.33 (0.38-4.57) 0.65

Cl: confidence interval; HAART: highly active antiretroviral therapy;
HD: hemodialysis; ICU: intensive care unit; SAPS: Simplified Acute
Physiology Score.

0.2; 95% CI 0.05-0.71; P=0.01), and SAPS 3 (OR
1.04; 95% CI 1.01-1.08; P <0.01) was associated with
hospital mortality (Table 3). The need for MV could
not be submitted to the model because there were no
deaths among patients who were not submitted to
MYV; thus, it was impossible to apply the regression
formula since a division would have occurred by zero.

Discussion

The mortality of HIV-infected patients admitted to
the ICU in the study was in line with previous
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reports.'®!! It is likely that the improved prognosis of
HIV-infected patients admitted to the ICU is related
to a combination of ICU-related factors, such as
patient selection, early diagnosis, ART and prophy-
laxis for PCP. In addition, important changes have
been seen in intensive care management in the last
two decades, such as the use of mechanical ventilation
with low tidal volume in the treatment of pulmonary
injury'? and more aggressive measures in the treat-
ment of sepsis.'> The association between ART use
and ICU survival in HIV-infected patients remains
controversial.'*!> The administration of ART in the
ICU is complicated by potential drug interactions,
pharmacokinetics issues and the risk of provoking
immune reconstitution inflammatory syndrome.” To
our knowledge, this is the first study to evaluate the
impact of previous ART adherence on ICU prognosis
in HIV patients and could at least partially explain the
controversial results regarding previous ART use and
ICU outcomes. These data, however, are not free of
potential biases. Because this was a retrospective
study, we cannot rule out the fact that non-adherent
patients are more likely to be withdrawn from life
support interventions compared to treatment-naive
patients or those with good ART adherence. The allo-
cation of patients after 48 h of ICU admission and the
inclusion of only ‘full code status’ patients attempted
to minimize this fact, which may still be an issue.
Besides this, ART non-adherence may be associated
with another comorbidities that may be associated
with a worst prognosis, such as medical comorbid-
ities, psychiatric disease and substance-use disorders.
The true impact of this potential association cannot
be measured in our work.

The main diagnosis that led HIV patients to hos-
pitalization in our ICU was sepsis (69.5%), and this
diagnosis was related to increased mortality in the
bivariate analysis, a finding similar to previous
reports.® On the other hand, the diagnosis of sepsis
lost statistical significance in the multivariate analysis.
We believe that this phenomenon is because the sever-
ity of organ dysfunction and comorbidities — reflected
by the SAPS 3 index — relates more to mortality than
the diagnosis of sepsis. Several studies previously
reported the same finding, and the intensity of organic
dysfunction is a strong predictor of prognosis in this
population.'>'7 The present study did not find an
association between CD4+ T-lymphocyte count or
viral load and ICU death. Several authors have
already reported that the CD4+ T-lymphocyte
count is not associated with death in the short
term”'® but may be a long-term prognostic
predictor."’

We recognize that our study has several limita-
tions. First, it was carried out at a single institution,
which was an urban public hospital. Since clinical
practice and demographics may differ between insti-
tutions, the external validity of our study may be lim-
ited. Second, we did not follow-up with patients after

discharge from the hospital. Therefore, the predictors
of long-term survival and any impact of ART on
long-term survival remain unknown. Given the retro-
spective nature of our study, we chose to focus on
survival until discharge from the hospital, where we
had information on all patients, rather than on long-
term survival. Third, patients were admitted with a
broad spectrum of critical illnesses and received het-
erogenecous treatments, which limits our conclusions
about the independent effects of any specific treat-
ment or intervention. Studies examining subsets of
specific patients (e.g., those with respiratory insuffi-
ciency and acute lung injury) are best suited to exam-
ine the impact of a specific intervention (e.g.,
ventilation with low tidal volume, noninvasive MV).
Fourth, the definition of ART adherence used in this
work is only qualitative, and is not free of bias.
Despite the need for rigorous assessment of ART
adherence, a ‘gold standard’ has not yet been found,
but a quantitative measurement of adherence, if pos-
sible, could provide greater robustness to the results
of this study.'” Finally, the observational nature of
our study limits any firm conclusions regarding the
use of ART and mortality.

Conclusion

Hospital mortality in HIV-infected patients was asso-
ciated with the intensity of organic dysfunction and
the need for organic support. Previous non-adherence
to ART was also associated with worse outcomes, but
this issue should be better explored in future studies.
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