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Background: Respiratory failure in acquired immunodeficiency syndrome (AIDS) patients was the leading cause of intensive care
unit (ICU) admission in our center. We aimed to describe the pulmonary infections and outcomes for respiratory failure in AIDS
patients.

Methods: A retrospective study was conducted on AIDS adult patients with respiratory failure who were admitted to the ICU in
Beijing Ditan hospital, China, from January 2012 to December 2021. We investigated pulmonary infections complicated by respiratory
failure in AIDS patients. The primary outcome was ICU mortality, and a comparison between survivors and nonsurvivors was
performed. Multiple logistic regression analysis was used to identify predictors of ICU mortality. The Kaplan-Meier curve and Log
rank test were used for survival analysis.

Results: A total of 231 AIDS patients were admitted to ICU with respiratory failure over a 10-year period with a male predominance
(95.7%). Pneumocystis jirovecii pneumonia was the main etiology of pulmonary infections (80.1%). The ICU mortality was 32.9%. In
multivariate analysis, ICU mortality was independently associated with invasive mechanical ventilation (IMV) [odds ratio (OR),
27.910; 95% confidence interval (CI, 8.392-92.818; p = 0.000) and the time before ICU admission (OR, 0.959; 95% CI, 0.920-0.999;
p = 0.046). In the survival analysis, patients with IMV and later admission to ICU had a higher probability of mortality.
Conclusion: Prneumocystis jirovecii pneumonia was the primary etiology for respiratory failure in AIDS patients admitted to the ICU.
Respiratory failure remains a severe illness with high mortality, and ICU mortality was negatively associated with IMV and later
admission to ICU.
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Background

Human immunodeficiency virus (HIV) infected patients, especially at the stage of acquired immunodeficiency syndrome
(AIDS), are at high risk for critical illness due to severe opportunistic infections." HIV-infected patients are usually
admitted to intensive care unit (ICU) for hypoxemic respiratory failure.>'' Before the introduction of combination
antiretroviral therapies (cART), pneumocystis jirovecii pneumonia (PJP), which was previously called PCP, with
respiratory failure were the most common causes seen in HIV-infected patients admitted to ICU.** With the use of
cART, the proportion of opportunistic infections has significantly decreased.®’ However, ICU admission rates remained
stable and respiratory failure still the leading reason for ICU admission in HIV-infected patients.*** What’s more,
infectious causes remained predominant, with PCP and bacterial pneumonia accounting for most cases.” '® And other
infectious causes causing respiratory failure were pulmonary tuberculosis and severe pneumonia due to non-tuberculosis
mycobacteria, Cytomegalovirus (CMV), and other pathogens.'” A retrospective cohort study in our center has shown
that respiratory failure was the most common condition in HIV-infected patients admitted to ICU."' When all etiologies

causing respiratory failure in patients with HIV admitted to ICU were considered, the proportion of non-infectious
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etiologies was 21.1%-34.7%.%'%!3 We only focused on patients with pulmonary infections, as the pathophysiological
features of respiratory failure caused by pulmonary infections and non-infectious causes were quite different.

We want to know the distribution of etiology of pulmonary infections causing respiratory failure in AIDS patients
admitted to ICU. The study described the characteristics of AIDS patients with respiratory failure caused by pulmonary
infections and identified the predictors of ICU mortality.

Methods

We retrospectively reviewed the medical records of all AIDS patients in the ICU of Ditan Hospital (a university-affiliated
tertiary referral hospital in Beijing, China) from January 2012 to December 2021. The hospital’s research ethics
committee approved the study (No.2018-005-01). All clinical and laboratory data were used anonymously, and written
informed consent was not required.

Study Population
All patients over 18 years old with AIDS and respiratory failure admitted to the ICU, either from the emergency
department or transferred from medical wards, were included sequentially. HIV infection was either previously known or
newly diagnosed. AIDS patients with CD4 count < 200 cells/uL or with clinical AIDS-defining conditions. Those
diagnosed within two months before admission to ICU and had not received cART were defined as newly diagnosed HIV
infection. Respiratory failure was defined as the partial pressure of arterial oxygen (Pa0,) < 60 mmHg on room air or the
ratio between PaO, and inspired oxygen fraction (PaO,/FiO,) < 300 mmHg. Patients who did not have pulmonary
infections, accepted invasive mechanical ventilation (IMV) before ICU admission, and had an ICU stay of fewer than 24
hours were excluded. We included patients with respiratory failure caused by pulmonary infections. Pulmonary infections
were based on clinical symptoms and abnormalities on computed tomography scan, along with the morphological
identification of the organism in induced sputum, low tracheal aspiration or bronchoalveolar lavage fluid if accessible.
The samples were cultured for bacteria and fungi. Preumocystis jirovecii organisms were identified with staining (eg,
Giemsa or Gomori-Grocott) or immunofluorescence on specimens.'* CMV DNA was tested using quantitative real-time
polymerase chain reaction. What’s more, we did laboratory tests to evaluate for atypical bacterial pathogens like
mycoplasma or legionella.

Only the first episode was evaluated in patients with multiple episodes admitted to the ICU for respiratory failure
during their hospitalization.

Data Collection

Baseline information was collected at ICU admission, including age, sex, body weight, comorbidity, smoking history, and
HIV-related data (last count of CD4 and viral load within three months before ICU admission). The severity of illness at
ICU admission was evaluated by Acute Physiological and Chronic Health Status Score (APACHE) II'° and the
sequential organ failure assessment (SOFA).'® Clinical and laboratory profiles were collected 24 hours after ICU
admission, and the worst values were recorded. Complications newly developed during treatment, including sepsis,'’
nosocomial lower respiratory tract infection (NLRTI) and air leaks were also collected.

All intensivists determined the primary etiology of acute respiratory failure. The management of oxygen support
included conventional oxygen, high-flow nasal cannula oxygen therapy (HFNC), non-invasive ventilation (NIV) and
IMV. The primary outcome was ICU mortality, and the secondary outcomes were hospital mortality, 90-day mortality
after ICU admission, and length of ICU and hospitalization.

Statistical Analysis

Patients were divided into two groups, survivors and nonsurvivors, and clinical and laboratory data were compared. The
numerical variables were expressed as mean (+ standard deviation, SD) or median (interquartile, IQR), according to the
Shapiro—Wilk test, and compared using Student’s ¢-test or Mann—Whitney U-test. Categorical data were expressed as
numbers (percentage) and evaluated using the chi-square or Fisher exact test. A two-sided p < 0.05 was considered
significant. Key prognostic variables in determining ICU mortality were assessed using multivariate analysis by binary
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logistic regression model using a stepwise forward method. Variables were measured by the estimated odds ratio (OR)
and 95% confidence interval (CI). The Kaplan-Meier curve and Log rank test were used for survival analysis. Data
analyses were performed using IBM SPSS Statistics version 22 (SPSS Inc., Chicago, IL, USA).

Results

Patient Characteristics

During the 10-year study period, 283 AIDS adult patients with respiratory failure were admitted to the ICU, of which 52
patients (18.4%) were excluded: 29 patients (55.8%) with respiratory failure not caused by pulmonary infections, 2
patients (3.8%) accepted IMV before ICU admission and 21 patients (40.4%) stayed in ICU less than 24 hours. The final
sample consisted of 231 patients (81.6%). Table 1 presents the characteristics of all patients, survivors and nonsurvivors
according to the ICU outcome. The mean age of AIDS patients was 41.0 = 12.1 years and most (95.7%) were male.
Comorbidities were detected in 41 patients (17.7%) as follows: hypertension in 19 (46.3%), diabetes in 15 (36.6%),
chronic hepatopathy in 10 (24.4%), chronic kidney disease in 3 (7.3%) and cardiac disease in 6 (14.6%). No one had
chronic pulmonary disease. Eighty-seven patients (37.7%) were admitted to ICU from the emergency department
directly, and the other patients were transferred from medical wards. One hundred and sixty-nine patients (73.2%)
were newly diagnosed with HIV infection at ICU admission. Forty-five (19.5%) patients received cART with a median
length of 30 days (IQR, 13 days-3 years), and 17 patients (7.4%) did not take cART even though they knew their HIV
status. One hundred forty-one patients (61.0%) received tracheal intubation and IMV, 77.3% within 24 hours after ICU
admission. IMV subsequently had a median length of 222 (IQR, 114-412) hours.

Pulmonary Infections

Pulmonary infections identified are shown in Table 2, including the diagnoses and microbiological profiles of pulmonary
infections. There was a total of 277 pulmonary infections identified in 231 patients, the most common being PCP, which
was identified in 185 (80.1%) patients. PCP was identified in 143 patients (84.6%) with newly diagnosed HIV infection,
in 165 patients (82.1%) with CD4 count < 50 cells/uL, and in 35 patients (77.8%) with cART. Bacterial pneumonia was
interpreted by the bacterial isolates collected before ICU admission or within 48 hours after ICU entry and was identified
in 26 patients. Two or more etiologies of pulmonary infections were identified in 41 (17.7%) patients. Thirty patients
(73.2%) had PCP and other opportunistic pneumonia, 8 patients (19.5%) had PCP and bacterial pneumonia, and 3
patients (7.3%) had PCP, other opportunistic pneumonia and bacterial pneumonia. The distribution of different pulmon-
ary infections in terms of CD4 counts, cART, and diagnosis time of HIV infection is shown in (Figure 1a—c).

Patient Outcomes

ICU mortality, hospital mortality and 90-day mortality after ICU admission were 32.9% (76/231), 39.8% (92/231) and
53.2% (123/231), respectively. Figure 2 indicates a downward trend in mortality rates over the 10-year period.
A comparison of the characteristics between ICU survivors and nonsurvivors is shown in Table 1. Nonsurvivors had
a lower rate of newly diagnosed HIV infection and PCP than survivors (p = 0.037 and p = 0.016). In terms of severity of
illness, nonsurvivors were worse in clinical and laboratory data [respiratory rate, heart rate, mean arterial pressure
(MAP), PaO,/FiO, ratio, hemoglobin and albumin], had higher APACHE II and SOFA scores and higher rates of newly
developed sepsis and NLRTI. Nonsurvivors had a higher rate of IMV (p = 0.000), a longer time before ICU admission
(» = 0.004) than survivors. There were no significant differences in the length of ICU stay between survivors and
nonsurvivors. Nonsurvivors had a shorter length of hospitalization (p = 0.020) than survivors.

ICU mortality, hospital mortality and 90-day mortality after ICU admission of AIDS patients with PCP were 29.2%
(54/185), 36.2% (67/185) and 47.6% (88/185), respectively. One hundred and two (55.1%) AIDS patients with PCP
required IMV, and the ICU mortality of PCP patients with IMV was 52.9%.

We used multivariate logistic regression analyses to clarify the clinical risk factors for ICU mortality among the 231
AIDS patients with respiratory failure due to pulmonary infections (see Table 3). IMV (OR, 27.910; 95% CI, 8.392-92.818;
p = 0.000) and the time before ICU admission (OR, 0.959; 95% CI, 0.920-0.999; p = 0.046) were independently associated
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Table | Characteristics of AIDS Patients with Pulmonary Infections Causing Respiratory Failure

Variables All (n = 231) Nonsurvivors (n =76) | Survivors (n = 155) | P value
Age, year, (mean * SD) 41.0 = 12.1 422119 40.5 + 122 0.338
Male, n (%) 221 (95.7) 71 (93.4) 150 (96.8) 0.304
Weight, kg, (mean * SD) 59.7 £ 10.0 587 £ 94 60.2 £ 10.3 0.283
Comorbidities, n (%) 41 (17.7) 18 (23.7) 23 (14.8) 0.098
Smoking History, n (%) 55 (23.8) 19 (25.0) 36 (23.2) 0.766
HIV-related data
Newly diagnosed HIV infection, n (%) 169 (73.2) 49 (64.5) 120 (77.4) 0.037
cART, n (%) 45 (19.5) 17 (22.4) 28 (18.1) 0.438
HIV RNA, log)o copies/mL, median (IQR)? 5.2 (4.9-5.7) 5.3 (4.9-5.9) 5.2 (4.8-5.6) 0.397
CD4 count, cells/uL, median (IQR) 13 (6-29) Il (5-30) 15 (7-29) 0.070
Clinical and laboratory data (the first or worst indices within 24h after ICU admission)
Temperature, °C, median (IQR) 37.5 (36.8-38.7) | 37.8 (37.0-39.0) 37.3 (36.8-38.5) 0.095
Respiratory Rate, per min, median (IQR) 34 (28-40) 35 (3042) 33 (2640) 0.043
Heart Rate, per min, (mean * SD) I +21 118 + 20 107 + 20 0.000
MAP, mmHg, (mean * SD) 80+ 19 7317 83+ 18 0.000
Hemoglobin, g/L, (mean * SD) 114.9 + 28.7 108.6 + 25.6 118.0 + 29.7 0.019
Albumin, g/L, (mean * SD) 294 +54 284 + 48 299 £56 0.045
Arterial pH, median (IQR) 7.42 (7.35-7.46) | 7.38 (7.32-7.46) 7.42 (7.35-7.46) 0.238
PaCO,, mmHg, (mean * SD) 344+73 348 £ 6.9 343+ 76 0.641
FiO,, median (IQR) 0.5 (0.21-0.8) 0.7 (0.35-0.8) 0.41 (0.21-0.61) 0.000
PaO,/FiO, ratio, median (IQR) 195 (124-248) 154 (104-212) 213 (142-262) 0.000
Characteristics of the ICU stay
APACHE Il score, median (IQR) 16 (12-19) 18 (15-24) 14 (11-18) 0.000
SOFA score, median (IQR) 5(3-7) 6 (4-8) 4 (2-6) 0.000
Sepsis, n (%) 79 (342) 41 (53.9) 38 (24.5) 0.000
NLRTI, n (%) 80 (34.6) 40 (52.6) 40 (25.8) 0.000
Air leak, n (%) 54 (23.4) 23 (30.3) 31 (20.0) 0.083
IMV, n (%) 141 (61.0) 73 (96.1) 68 (43.9) 0.000
HFNC, n (%) 56 (24.2) 15 (19.7) 41 (26.5) 0.263
NIV, n (%) 33 (14.3) 6 (7.9) 27 (17.4) 0.052
Pulmonary infections, n (%)
PCP 185 (80.1) 54 (71.1) 131 (84.5) 0.016
Opportunistic pneumonia other than PCP 64 (27.7) 23 (30.3) 41 (26.5) 0.543
Bacterial pneumonia 26 (11.3) Il (14.5) 15 (9.7) 0.278
Coinfection 41 (17.7) 10 (13.2) 31 (20.0) 0.201
Emergency, n (%) 87 (37.7) 34 (44.7) 53 (34.2) 0.120
Time before ICU admission, days, median (IQR) | 0 (0-5) 2 (0-11) 0 (0-2) 0.004
Length of ICU, days, median (IQR) 10 (6-17) Il (5-18) 9 (6-15) 0.279
Length of hospitalization, days, median (IQR) 23 (13-34) 19 (11-28) 24 (13-35) 0.020

Note: *Data were available for 185 patients, 52 nonsurvivors and 133 survivors.

Abbreviations: AIDS, acquired immune deficiency syndrome; HIV, human immunodeficiency virus; cART, combination antiretroviral therapies; MAP, mean arterial
pressure; PaCO,, partial pressure of carbon dioxide; FiO,, inspired oxygen fraction; PaO,, partial pressure of arterial oxygen; APACHE I, Acute Physiological and
Chronic Health Status Score Il; SOFA, Sequential Organ Failure Assessment; NLRTI, nosocomial lower respiratory tract infection; IMV, invasive mechanical
ventilation; HFNC, high-flow nasal cannula oxygen therapy; NIV, non-invasive ventilation; PCP, pneumocystis jirovecii Pneumonia; SD, standard deviation; IQR,

interquartile; ICU, intensive care unit.
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Table 2 Causative Diagnoses and Pathogens of Pulmonary

Infections in the 231 AIDS Patients

n
PCP 185 (80.1%)
Microbiologically documented 104 (56.2%)
Clinically documented® 81 (43.7%)
Opportunistic pneumonia other than PCP 64 (27.7%)
Mycobacterium tuberculosis complex 27 (42.2%)
Non-tuberculosis mycobacteria 5 (7.8%)
Cytomegalovirus pneumonia 23 (35.9%)
Fungal pneumonia 9 (14.1%)
Saccharomyces albicans 2
Cryptococcus neoformans 2
Aspergillus fumigatus 2
Penicillium marneffei 2
Histoplasmosis |
Bacterial pneumonia 26 (11.3%)
Staphylococcus aureus 2
Streptococcus pneumoniae 4
Enterobacteriaceae 3
Pseudomonas aeruginosa® 4
Acinetobacter baumanii® 5
Klebsiella 7
Stenotrophomonas maltophilia 2
Enterobacter cloacae |
Corynebacterium striatum |
Influenza 2 (0.9)
Coinfections 41 (17.7)

Notes: *Clinically documented PCP was defined as typical clinical syndromes
like exertional dyspnea, dry cough and fever; bilateral ground-glass opacities with
or without cystic lesions on computed tomography scans of the chest; and
response to empiric Trimethoprim/sulfamethoxazole therapy, without documen-
ted pathogen. ®Including co-infection with Stenotrophomonas maltophilia (n = 1).
“Including co-infection with Klebsiella (n = 2).

Abbreviations: AIDS, acquired immunodeficiency syndrome; PCP, pneumocystis
jirovecii Pneumonia.

with ICU mortality. The Hosmer-Lemeshow test in our multivariate logistic regression analysis model showed it was a good
fit (p = 0.401). In the survival analysis, we also found that patients with IMV (Log rank test = 55.130, p = 0.000) and later
admission to ICU (Log rank test = 20.825, p = 0.000) had a higher probability of mortality (see Figure 3a and b).

Discussion

This retrospective study focused on the etiology of pulmonary infections causing respiratory failure in AIDS patients
admitted to ICU in a tertiary hospital in China over a 10-year period. It provides important insights into critically ill
AIDS patients, through the identification of variables influencing prognosis. To our knowledge, this is the first study to
analyze the etiology of pulmonary infections causing respiratory failure and their outcome in AIDS patients admitted to
ICU in China.

There was a retrospective study focused on etiology and outcomes for patients infected with HIV in this center from
January 2009 to October 2013."" Over the five-year study period, 122 HIV-infected patients admitted to ICU and
respiratory failure accounting for 53.4%. In this 10-year retrospective study at the same center from January 2012 to
December 2021, we admitted 231 AIDS patients with respiratory failure, which indicates the advances in the treatment of

respiratory failure, and positive attitude towards AIDS patients.
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Figure 2 Trend of mortality rates in AIDS patients with respiratory failure over the |0-year period.
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In the pre-cART era, opportunistic infections, mainly PCP, have been the leading cause of morbidity and mortality in
HIV-infected patients.'®'® The incidence of PCP has declined with advances in the diagnosis, prevention and treatment
among patients with HIV infection.’®?! While the incidence decreased, mortality remains high, especially among those
who required IMV.* Retrospective cohort studies have reported mortality rates ranging between 10% and 20% for
patients with HIV.**> ** The data in our hospital from August 2009 to January 2018 showed the overall hospital mortality
of HIV-infected patients with PCP was 17.3%, and patients in the high-risk group with mortality of 38.78%-81.63%.> In
this cohort, PCP was the leading cause of respiratory failure, followed by other opportunistic pneumonia, with a high rate
of newly diagnosed HIV infection and a low rate of cART. As the high mortality rate of PCP with respiratory failure, the
use of PCP prophylaxis should be positive, especially in patients with CD4 count < 200 cells/uL.

During the cART era, non-AIDS-associated admission diagnoses were significant. Some studies showed bacterial
pneumonia and bacterial sepsis had become the leading reasons for ICU admission and can happen at every stage of HIV
infection.”?° In this study, there was a considerable number of cases of bacterial pneumonia, accounting for 11.3% of all
pulmonary infections, which was much less than two other studies (35.3% and 64.9% of infectious etiologies,
respectively).'® In Orsini’s study, 54.8% of the patients were receiving cART on ICU admission and the median CD4
count were 123 cells/uL.” In Barbier’s study, the median CD4 count were 192 cells/uL and the rate of newly diagnosed
HIV infection was 29.2%.'® Streptococcus pneumoniae was the leading pathogen of bacterial pneumonia, accounting for

Table 3 Multivariate Analysis of Risk Factors for ICU Mortality in AIDS Patients with
Respiratory Failure

Variables Odds Ratio 95% Confidence Interval P value
IMV 27910 8.392-92.818 0.000
Time before ICU admission (days) | 0.959 0.920-0.999 0.046

Abbreviations: ICU, intensive care unit; AIDS, acquired immunodeficiency syndrome; IMV, invasive mechanical
ventilation.
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significantly higher ICU mortality (p = 0.000). (b) Survival curve stratified by the time before ICU admission. Time before ICU admission more than 2 days had significantly
higher ICU mortality (p = 0.000). AIDS, acquired immunodeficiency syndrome; IMV, invasive mechanical ventilation.

20% to 40%.%27-*® The ratio of streptococcus pneumoniae was less in this study, as bacterial pneumonia was identified by
bacterial isolates.

The hospital mortality in HIV-infected patients was 19.7% to 65.9%, related to different etiologies, management and socio-
economic conditions.”'®'? The hospital mortality rate of this cohort was 39.8%, consistent with the result. However, the 90-day
mortality rate was much higher than hospital mortality, as some patients were discharged or transferred without consentment
while still in critical condition. In the former study, taking all etiologies into account, ICU mortality was 65.9%.'" The ICU
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mortality in this study was 32.9% and higher than in two other similar studies (10.9% and 31.0%, respectively).>'® The relatively
high mortality in our study may relate to the following reasons. First, patients were unaware of their HIV infection until their first
manifestation with dyspnea caused by an opportunistic infection, and the newly diagnosed HIV infection rate was 73.2%.
Second, patients did not receive cART even though they knew they had HIV infection, and the rate of cART was 7.4% of
previously known HIV infection. What’s more, treatment failure of cART happened due to poor adherence or other causes. We
found a downtrend in ICU, hospital, and 90-day mortality rates, which indicated the advance of treatment in AIDS patients with
respiratory failure.

In this study, 61% of patients required IMV, and accepted IMV was independently associated with ICU mortality. In
a single-center, prospective observational study, 85.1% of all HIV-infected patients with respiratory failure admitted to
the ICU required IMV, and increased mortality was observed in that patients.'® In a 10-year retrospective study from
January 1999 to June 2009, the mechanical ventilation rate was 60.4% of all HIV-infected patients, and the need for IMV
is associated with ICU survival.® In a retrospective study, in which bacterial pneumonia was the leading cause of
respiratory failure in the first decade of cART, IMV was independently associated with ICU mortality.”

Admission to ICU was independently associated with hospital mortality in HIV-infected patients.>*** We believe that the
patients admitted to ICU were mainly for severe illness and needed critical care, which can describe the relationship between ICU
admission and mortality. HIV-infected patients should be offered ICU admission if it is likely to benefit them.® The overall
mortality decreased with improved critical care, even without the effects of cART, in severely ill patients admitted to the ICU.>!
Intensive care and advanced therapies like IMV and ECMO were only available in ICU. The time before ICU admission was
independently associated with mortality in a retrospective study,” with a higher cART rate of 29.3% and a higher CD4 count lever
than our study. In a prospective, observational study, patients from another ward to the ICU had a higher mortality rate than those
from the emergency department.’! Patients with HIV infection, even at late stages, should be considered for referral to ICU as
early as possible if they need critical care.

IMV and the time before ICU admission were independent predictors of ICU mortality. If AIDS patients with
respiratory failure were admitted to ICU earlier and provided advanced respiratory support like HFNC or NIV to avoid
IMV, the prognosis may change.

Several limitations should be considered when interpreting the results. First, the retrospective observational data of
the study has inherent biases, and the single-center nature of the study limits its generalizability. Second, the data was
collected over a long period, and fluctuations in diagnosis and treatment existed. Third, as bacterial isolates identified
bacterial pneumonia, blood cultures and urinary antigen tests were not carried out, we may underestimate its incidence
and power on mortality.

Conclusion
PCP was the primary etiology for respiratory failure in AIDS patients admitted to the ICU. Respiratory failure remains
a severe illness with high mortality, and ICU mortality was negatively associated with IMV and later admission to ICU.
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