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Abstract

Purpose—We determined the prevalence of risk factors for the development of acute respiratory
distress syndrome (ARDS), outcomes of critical illness, and the impact of HAART in HIV-1-
infected patients. We hypothesized that in an urban county hospital, HIV-1-infected patients with
ARDS would have a higher mortality than their HIVV-1-uninfected counterparts.

Materials and Methods—Subjects were enrolled between 2006 and 2012. Baseline patient
demographics, comorbidities, illness severity, causes of ARDS and clinical outcomes were
obtained. The primary endpoint was hospital mortality.

Results—178 subjects with ARDS were enrolled in the study; 40 (22%) were infected with
HIV-1. The median CD4 count was 75 (15.3-198.3) and 25% were on HAART. HIV-1-infected
subjects were significantly younger (44 vs. 52 years, p<0.01), and had higher rates of asthma,
chronic obstructive pulmonary disease, pneumonia, history of hospital acquired infections and
prior sepsis. HIV-1-infected subjects had greater illness severity by APACHE Il scores [29
(24-31) vs. 24 (22-25), p < 0.01]. Hospital mortality was not higher among HIV-1-infected
subjects compared to HIV-1-uninfected subjects (50.0% vs. 38.4%, p=0.19).

Conclusions—In patients with ARDS, HIV-1 infection was associated with greater illness
severity, but was not associated with higher mortality in ARDS. Future studies need be done to
evaluate the factors that contribute to high morbidity and mortality in medically vulnerable
populations who develop ARDS.
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Introduction

Since the advent of highly active antiretroviral therapy (HAART) in 1996 and the use of
prophylaxis medications, HIVV-1-infected patients are less likely to be hospitalized for
opportunistic infections, and more often present to the hospital with sequela of chronic non-
HIV-1 related illnesses [1]. In fact, complications related to neoplasms, chronic pulmonary
disease, dilated cardiomyopathies, acute coronary syndromes, cirrhosis, co-infection with
hepatitis B and C, and polysubstance abuse have surpassed opportunistic infections as the
most common reasons for hospital admission in HIV-1-infected patients [1,2].

Although improved care for HIV-1-infected patients has decreased the total number of
hospital admissions, intensive care units (ICU) admissions have remained relatively stable,
with 4 to 12% of hospitalized HIV-1-infected patients requiring ICU level care, primarily
for acute respiratory failure [1,3,4]. Prior to the widespread availability of HAART and
prophylaxis for opportunistic infections, Pneumocystis pneumonia (PCP) was the most
common cause of acute respiratory failure in HIV-1-infected patients, with reported
mortality rates between 51 to 91% [1,3]. In the current era of HAART, bacterial pneumonia
is the most common cause of acute respiratory failure in HIV-1-infected patients in the ICU
worldwide, followed by PCP and non-infectious pulmonary disease such as obstructive lung
disease and interstitial lung disease [4-6]. Often, patients have two or more antecedent
causes for acute respiratory failure.

Acute respiratory failure can often manifest as acute respiratory distress syndrome (ARDS),
a diagnosis which continues to challenge ICU clinicians in both HIV-1-infected and HIV-1-
uninfected patients. The incidence of ARDS is 1.9 times greater in African Americans
compared to white Americans, and the overall incidence of ARDS has been rising with a
recent estimate of 74.1 cases/100,000 persons-per-year in the US[7]. In a recent meta-
analysis, the hospital mortality rate in patients with ARDS was reported as being static since
1994, with randomized controlled trials reporting rates of 35-40% and observational studies
reporting rates of 40-45%[8]. However, others have reported that both short-term and long-
term outcomes are improving, with 60-day mortality rates declining from 36% in 1996-1997
to 26% in 2004-2005[9].

HIV-1 infection is independently associated with hospital mortality in critically ill
patients[10]. To date, few trials have exclusively evaluated HIV-1-infected patients with
ARDS and only one has directly compared HIV-1-infected with HIV-1-uninfected patients
with ARDS [11,12]. Most of these studies evaluated patients in the east and west coasts of
the United States, as well as in Western Europe. The HIV epidemic is shifting from the east
and west coast of the United States and becoming more predominant in the southern states,
particularly in African Americans with low socioeconomic status [13]. Access to medical
care and lack of insurance play a part in ICU utilization; uninsured patients are more likely
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not to be hospitalized, to be admitted to the ICU when they are hospitalized and to die in the
ICU [14].

Hence, in this study, we sought to primarily compare clinical outcomes including hospital
mortality, ICU length of stay, hospital length of stay and ICU ventilator-days between
HIV-1-infected and HIV-1-uninfected patients with ARDS at a large, urban, safety-net
county hospital that provides medical care to low-income, uninsured and vulnerable
populations in Atlanta, Georgia. In addition, as our secondary outcomes, we sought to
determine and compare the characteristics and baseline co-morbidities between the groups.
We hypothesized that in a setting plagued with multiple socioeconomic challenges, HIV-1-
infected patients with ARDS would have a higher mortality than their HI\V-1-uninfected
counterparts.

Material and Methods

Study Population

We performed a secondary analysis of a prospective observational study in three adult ICUs
(Medical ICU, Surgical ICU and Neurologic ICU) at Grady Memorial Hospital, an affiliate
of Emory University, in Atlanta, Georgia between 2006 and 2012. The observational study
used a standardized screening protocol to identify patients who met the American-European
Consensus Conference (AECC) definition of ALI/ARDS [15]. The three ICU's together
comprise 60 beds, and patients were screened on a daily basis by designated screeners. The
cohort included 524 patients. Inclusion criteria included patients meeting the AECC
definition of ARDS, with the following at-risk diagnoses: severe pneumonia, aspiration
pneumonia, trauma, multiple transfusions, pancreatitis and non-pulmonary sepsis which
included non-pulmonary infections (bloodstream, genitourinary, gastrointestinal, central
nervous system, skin and soft tissue). Exclusion criteria included history of congestive heart
failure with an ejection fraction less than 35% and greater than seven days between
documentation of at-risk diagnosis for ARDS and development of ARDS. Patients without
documented PaO,/FiO, ratios and without chest x-rays or chest CT scans within 7 days of
onset of ARDS were also excluded. Of 524 subjects in the cohort, 66 met exclusion criteria.
Outcomes data were not collected on 280 subjects who had failed screening for other
studies. Exclusion criteria for these other studies included renal insufficiency, increased
bleeding risk (defined by elevated PTT/INR and platelets < 50,000), or traumatic brain
injury. HIV infection was not an exclusion criterion for these other studies. The final
analysis included 178 subjects, of whom 40 were infected with HIV-1 (Figure 1).

Data Elements

The primary outcome was hospital mortality. Other clinical outcomes including hospital
length of stay, ICU length of stay and ICU ventilator-days were also obtained. We collected
28-day mortality data on subjects whose hospital length of stay was 28 days or more. In
addition, baseline patient demographics, co-morbidities, causes of ARDS, physiologic
information including Acute Physiology and Chronic Health Evaluation (APACHE) Il and
Sepsis-related Organ Failure Assessment (SOFA) scores were collected. Information on
HIV-1 status, including CD4 count and use of HAART was also obtained through review of
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the medical chart and review of charts from the infectious disease department clinic. HIV
serologies were used when available to identify HIV-1 infected subjects who did not have
documentation of HIV status in the medical chart. If HIV-1 status was not evident by HIV
serology or documentation in the medical chart, they were presumed HIV-1-uninfected.
HAART was defined as a combination of three or more antiretroviral drugs, belonging to at
least two classes among the following: nucleoside reverse transcriptase inhibitors, non-
nucleoside reverse transcriptase inhibitors, and protease inhibitors. CD4 count and viral
loads were determined by reviewing laboratory data in the three months prior to admission.

Statistical analysis

Results

Univariate comparisons between HIV-1 subjects and HIV-1-uninfected subjects were
calculated and evaluated for statistical significance at an alpha of 0.05 using a chi-squared
test for categorical variables and a two-sample t-test for continuous variables. Results were
reported as the mean (SD) or as a percentage. The data was log-transformed or a Wilcoxon
Rank-Sum Test was used when the data was not normally distributed. To examine the
association of HIV-1 and hospital mortality, a multivariate logistic model was created with
hospital mortality as the dependent variable, the variable of interest and potential known
confounders as independent variables which included age, APACHE I, Asthma, COPD,
history of pneumonia, history of hospital acquired infection and history of sepsis. Statistical
analysis was performed through Number Crunching Statistical Software (NCSS).

Baseline Demographics between HIV-1-Infected and Uninfected Subjects

Over the seven years of this cohort study, there were 138 HIV-1-uninfected and 40 HIV-1
subjects with ALI/ARDS. Within the HIV-1-uninfected cohort, 54.3% had documented
negative HIV serologies during the admission (n=75). Both groups were predominantly
African-American (85.0% in HIV-1-infected vs. 73.7.5% in the HIV-1-uninfected group,
p=0.14) and male (67.5% vs. 58.7%, p=0.31). The HIV-1-infected subjects were
significantly younger compared to HIV-1-uninfected subjects (44(12) vs. 52(16) years old
respectively, p<0.01) and had lower body mass index (BMI) (22.1(19-25) vs. 26.3(23-30)
respectively, p < 0.01). With regards to baseline co-morbidities, HIV-1-infected subjects had
significantly higher rates of asthma (17.5% vs. 7.2%, p=0.05), chronic obstructive
pulmonary disease (COPD) (17.5% vs. 5.8%, p=0.02), history of hospital acquired infection
(65.0% vs. 11.0%, p < 0.01), history of pneumonia (45.0% vs. 6.5%, p < 0.01) and history of
sepsis (22.5% vs. 5.1%, p< 0.01) compared to HIV-1-uninfected subjects. Rates of chronic
kidney disease, end-stage renal disease on hemodialysis, cirrhosis, hepatitis C infection,
diabetes mellitus, coronary atherosclerotic heart disease and malignancy were similar
between the groups. Within the HIV-1-infected cohort, 52.5% of subjects had CD4 counts
less than 100, 22.5% subjects had CD4 counts between 100 and 200 and 25.0% subjects had
CD4 counts greater than 200. 25.0% of HIV-1-infected subjects were on HAART prior to
hospital admission. 75.0% were either not on HAART at all or HAART was initiated on
admission. Given that HAART started in the hospital likely did not have time to reach full
effect, these subjects were included in the “No HAART” group. There were no differences
in PaO,/FiO;, ratio between the HIV-1-infected and HIV-1-uninfected subjects [142.7
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(84.3-201) vs. 157.6 (108.3-209.2), p=0.33 respectively]. Although the SOFA scores were
similar between the groups, the HIV-1-infected cohort had significantly higher APACHE II
scores [29 (24-31) vs. 24 (22-25), p < 0.01] (Table 1).

At-Risk Diagnoses for ARDS between HIV-1 Infected and Uninfected Subjects

The most common at-risk diagnosis for the development of ARDS in both groups was
severe pneumonia, 82.5% in HIV-1-infected vs. 61.6% in HIV-1-uninfected followed by
non-pulmonary sepsis, 12.5% in HIV-1-infected vs. 28.3% in HIV-1-uninfected. In the
HIV-1-uninfected group, there were 17 cases of trauma, 12 cases of aspiration, 3 cases of
multiple transfusion and 2 cases of pancreatitis. In the HIV-1-infected group, one subject
had multiple transfusions as a risk factor for ARDS; the remainder had severe pneumonia or
non-pulmonary sepsis (Figure 2).

Outcomes among HIV-1 Infected and Uninfected Subjects

There were no statistically significant differences between HIV-1-infected and HIV-1-
uninfected subjects in hospital mortality (50.0% vs. 38.4%, p=0.19), ICU ventilator-days [12
(6-22) vs. 12 (7-23), p=0.68], ICU length of stay [14 (9-24) vs. 15 (10-24) days, p=0.78] or
hospital length of stay [26 (16-42) vs. 25 (14-39) days, p=0.96]. The rates of withdrawal of
life support and Do not resuscitate/Do not intubate statuses were not statistically different
between the two groups; HIV-1-infected group had 70% rate of withdrawal life support
(n=14 out of 20 deaths) and HIV-1-uninfected group had 69.8% rate of withdrawal (n=37
out of 53 deaths) (p=0.35). After logistic regression analysis was performed with age,
APACHE I, Asthma, COPD, history of pneumonia, history of hospital acquired infection
and history of sepsis entered as potential confounders into the model, HIV infection was
associated with an odds ratio (OR) of 1.64 for increased hospital mortality, but this was not
statistically significant [95%CI (0.58-4.63), p=0.35]. APACHE Il was associated with
increased hospital mortality with an OR of 1.10 [95%CI (1.04-1.15), p<0.01] (Table 2).
There were a total of 10 HIV-1-infected subjects on HAART with a hospital mortality of
60.0% (n=6) and 28-day mortality of 40.0% (n=4). Two patients on HAART died after 28
days in the hospital. There were 30 HIV-1-infected subjects not on HAART with a hospital
mortality of 50.0% (n=14) and 28-day mortality of 23.3% (n=7). The differences between
HIV-1-infected subjects off and on HAART were not statistically significant.

Discussion

In summary, this study showed there was a trend toward higher hospital mortality in HIV-1-
infected subjects with ARDS, although not statistically significant. In comparison, all-
comers with ARDS in large prospective trials report mortality rates of 35-45% [8]. In
addition, there were no statistically significant differences in ventilator-days, hospital length
of stay or ICU length of stay. Although this was a small number, even patients already on
HAART had a median CD4 count of 85. This group might reflect a sub-set of HIV-1-
infected individuals known as ‘immunological non-responders’, as defined by a persistently
low CD4 count (<350/ul) despite adequate virologic control [16]. These patients have worse
outcomes including a greater progression to AIDS and a greater risk of lung infections [17].
We do not have data on how long these patients were on HAART prior to hospital
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admission. Nevertheless, further research needs to be done to address novel therapies and
preventative strategies to improve clinical outcomes in patients with advanced HIV disease
and concomitant ARDS.

In addition, this study showed that critically ill HIV-1-infected subjects in a large urban
teaching hospital have several different characteristics compared to HIV-1-uninfected
subjects with respect to demographics, co-morbidities, and illness severity. HIV-1-infected
subjects in this cohort were younger with lower BMIs and had higher rates of pulmonary co-
morbidities including asthma, COPD and history of pneumonia. HIV-1-infected subjects
were also more likely to have prior bouts of sepsis and hospital-acquired infections. As
shown in other studies, the most common cause of ARDS in this cohort was severe
pneumonia [1,6,18]. HIV-1-infected subjects had significantly higher APACHE 11 scores
due to their lower serum albumin levels, sodium levels and white blood counts, consistent
with previous studies [19].

Currently, there is a paucity of literature regarding critically ill HIV-1-infected patients as
we approach the end of the second decade of HAART. Recent studies cite that clinical
outcomes for HIV-1-infected patients admitted to the ICU are comparable to that for
critically ill HIVV-1-uninfected patients [12,20]. The majority of hospital survival rates of
critically ill HIV-1-infected patients in the HAART era range between 61 to 81%
[4,6,20-22]. Our study is unique in that we compared HIV-1-infected subjects with HIV-1-
uninfected subjects admitted to the ICU with the same diagnoses, and examined the
epidemiology and outcomes of ARDS in a southern, urban, safety net hospital. Only one
other study by Mendez-Tellez et al. specifically evaluated HIV-1-infected subjects with
ARDS in the ICU [12]. Similar to our study, Mendez-Tellez et al. did not show statistically
significant differences in hospital mortality between the groups possibly because of the low
sample size of HIV-1-infected patients in both studies [12].

The crude mortality rate of 50% among the HIV-1-infected patients in this cohort is much
higher than has been reported in other studies of critically ill HIV-1-infected patients
[4-6,12,20-22]. This mortality rate may be unique to medically vulnerable populations with
poor access to health care, high rates of non-adherence to HAART and higher burden of co-
morbid conditions. In a New York study with a similar demographic as Grady Memorial
Hospital, HIV-1-infected patients requiring mechanical ventilation had significantly higher
mortality (44% vs. 22%) and incidence of ventilator associated pneumonias (71% vs 25%)
compared to HIV-1-uninfected patients [23]. Most of our patient population is African
American, and evidence suggests that African Americans with ARDS have a higher risk of
death compared with Caucasians [24]. This is likely multi-factorial including genetic
polymorphisms regarding the regulation of chemokines and differences in biochemical
markers such as interleukin-8 that may explain the reported 17% increase in 60-day
mortality in African Americans enrolled in ARDS Network clinical trials [25]. Our
predominant African American population in both groups may explain the high mortality
rate seen even in our HIV-1-uninfected subjects when compared to other studies of ARDS
patients [4-6,12,22].
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There is also noteworthy underutilization of HAART in our HIV-1-infected cohort which
was also shown in another study from our institution of HIV-1-infected patients with severe
sepsis; HAART use in prior to admission was 22.5% [26]. In other studies, HAART use
prior to ICU admission ranges from 21% to 52% [4,12]. Several studies have looked at the
utility of HAART in the ICU and have shown mixed results. Currently, there is only expert
opinion to guide clinicians [2]. HAART use has been associated with improved survival
rates. Meybeck et al. reported lower six-month mortality rates in patients taking HAART
during their ICU stay [27]. In the series of studies from San Francisco General Hospital,
mortality rate in HIVV-1-infected patients admitted with AIDS-related illness was
significantly lower in patients on HAART (25% vs. 63%)[28]. In the Greenberg study
published from our institution using the same cohort, there was a trend towards increased
survival in HIV-1-infected patients with severe sepsis on HAART. This benefit was non-
significant, likely because of the overall low rates of HAART usage and the low incidence
of acute-AIDS defining illnesses, which is the sub-population thought to benefit the most
from HAART in the ICU [26]. Particularly in our institution where HAART is underutilized,
it is important to understand the implications of HAART in a critical care setting. Patients
with opportunistic infections may benefit from initiation of HAART while in other patients
it may be detrimental by precipitating immune reconstitution inflammatory syndromes or
drug toxicity issues [29].

Our study had several limitations. It was a secondary analysis of a prospective and ongoing
cohort study. Given that our cohort study began prior to the widespread use of the Berlin
Definition for ARDS, the cohort may have failed to include certain patients, particularly
those without documented pulmonary capillary wedge pressures. The retrospective nature of
the study was itself a limitation; co-morbidities were defined by history, not formal
diagnostic testing. Within the HIV-1-uninfected cohort, 54.3% had documented negative
HIV serologies during the admission (n=75); the remainder of the patients were presumed
HIV-1-uninfected by history from the medical chart. Viral loads were not available for the
majority of HIVV-1-infected patients. In addition, this study retrospectively studied ARDS
subjects who were enrolled into other ongoing studies. Therefore, it is unknown whether or
not a significant number of HIV-1-infected patients were excluded from this current study as
a result of not meeting criteria for the other ongoing projects. Our sample size of HIV-1-
infected patients was small, particularly when comparing patients on and off HAART. The
study may have been underpowered to find subtle differences in mortality within these
groups. We did not have data on long term outcomes, so we could not gather information for
28-day mortality on patients whose hospital length of stays were less than 28 days.
Furthermore, this is a single center study, subject to local ICU admission criteria and ICU
practices which may not necessarily be generalized. However, data on an urban inner city
hospital in the current HAART era is lacking and therefore informative of the nature of
critically ill HIV-1-infected patients.

Conclusion

Our study showed that HIV-1-infection was not associated with increased mortality in
patients with ARDS. This could be due to advances in critical care medicine including the
adoption of low tidal volume ventilation during the years of our study. However, HIV-1-
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infected patients did have higher comorbid respiratory conditions and a higher illness
severity compared to their HIV-1-uninfected counterparts. In addition, the crude mortality
rate of 50% among the HIV-1-infected patients was much higher than has been reported in
other studies of critically ill HIV-1-infected patients [4-6,12,20-22] which could be due to
the underutilization of HAART and their higher illness severity at presentation. We suspect
that this crude mortality may also be related to the safety-net hospital population; further
clinical trials need to evaluate these socioeconomic factors and their role in outcomes of
critically ill HIV-1-infected and HIV-1-uninfected patients.
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Table 1
Characteristics of HIV-1-infected and HIV-1-uninfected patients with ARDS
Variables HIV-1-infected (n=40) | HIV-1-uninfected (n=138) | P Value
Demographics
Age, mean (SD) 44 (12) 52 (16) <0.01
BMI, median (IQR) 22.1 (19-25) 26.3 (23-30) <0.01
Male, n (%) 27 (67.5) 81 (58.7) 0.31
Race, n (%)
White 4 (10.0) 34 (24.6)
Black 34 (85.0) 100 (72.5)
Baseline Comorbidities, n(%6)
Asthma 7(17.5) 10 (7.2) 0.05
Chronic Kidney Disease 3(7.5) 11 (8.0) 0.9
ESRD on dialysis 0(0.0) 3(2.2) 0.35
Cirrhosis 1(2.5) 7(5.1) 0.49
Hepatitis C infection 8 (20.0) 15 (10.9) 0.78
COPD 7 (17.5) 8(5.8) 0.02
History of Hospital Acquired Infection 26 (65.0) 15 (11.0) <0.01
Diabetes Mellitus 6 (15.0) 35(25.4) 0.17
Coronary Artery Disease 1(2.5) 9 (6.5) 0.33
History of Pneumonia 18 (45.0) 9 (6.5) <0.01
History of Sepsis 9 (22.5) 7(5.1) <0.01
History of Cancer 3(7.5) 21(17.4) 0.21
Prognostic Indices
P/F ratio, median (IQR) 142.7 (84.3-201.0) 157.6 (108-.3-209.2) 0.33
SOFA, median (IQR) 11.0 (8.0-13.0) 9.0 (6.5-12.0) 0.11
APACHE 11, median (IQR) 29 (24-31) 24 (22-25) <0.01
CD4 > 200, n (%) 10 (25.0%) - -
CD4 100-200, n (%) 9 (22.5%) - -
CD4 < 100, n (%) 21 (52.5%) - -
Clinical Outcomes
Hospital LOS, median (IQR) 26 (16-42) 25 (14-39) 0.96
ICU LOS, median (IQR) 14 (9-24) 15 (10-24) 0.78
ICU Ventilator Days, median (IQR) 12 (6-22) 12 (7-23) 0.68
Hospital Mortality, n (%) 20 (50.0%) 53 (38.4%) 0.19
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Table 2

Multivariable Logistic Regression Model for Hospital Mortality

Variable B-coefficient (SE) | Odds Ratio 95% ClI p-value
Age 0.0257 (0.01) 1.03 (1.000, 1.053) 0.05
APACHE 11 0.0907 (0.03) 1.09 (1.040, 1.153) 0.01
Asthma 0.0035 (0.66) 1.00 (0.277, 3.640) 1.00
COPD -1.9255 (0.85) 0.15 (0.028, 0.771) 0.01
History of Pneumonia 0.1533 (0.62) 117 (0.347, 3.919) 0.80
History of Hospital Acquired Infection -0.2361 (0.63) 0.79 (0.231,2.697) 0.71
History of Sepsis 0.3670 (0.75) 1.44 (0.328, 6.343) 0.63
HIV 0.4949 (0.53) 1.64 (0.581, 4.634) 0.35
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