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Abstract

Introduction

Itis unclear whether the treatment of an HIV infection with highly active antiretroviral therapy
(HAART) affects intensive care unit (ICU) outcomes. In this paper, we report the results of a
systematic review and meta-analysis performed to summarize the effects of HAART on the
prognosis of critically ill HIV positive patients.

Materials and methods

A bibliographic search was performed in 3 databases (PubMed, Web of Science and Sco-
pus) to identify articles that investigated the use of HAART during ICU admissions for short-
and long-term mortality or survival. Eligible articles were selected in a staged process and
were independently assessed by two investigators. The methodological quality of the
selected articles was evaluated using the Methodological Index for Non-Randomized Stuad-
ies (MINORS) tool.

Results

Twelve articles met the systematic review inclusion criteria and examined short-term mortal-
ity. Six of them also examined long-term mortality (>90 days) after ICU discharge. The
short-term mortality meta-analysis showed a significant beneficial effect of initiating or main-
taining HAART during the ICU stay (random effects odds ratio 0.53, p = 0.02). The data
analysis of long-term outcomes also suggested a reduced mortality when HAART was
used, but the effect of HAART on long-term mortality of HIV positive critically ill patients
remains uncertain.
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Conclusions

This meta-analysis suggests improved survival rates for HIV positive patients who were
treated with HAART during their ICU admission.

Introduction

The epidemiology of human immunodeficiency virus (HIV) infection and acquired immune
deficiency syndrome (AIDS) has changed since the introduction of highly active antiretroviral
therapy (HAART) in 1996 [1,2]. The mortality attributable to AIDS-related opportunistic
infections has decreased significantly, and a growing proportion of treatment adherent HIV-
infected patients are now living with controlled HIV replication and improved immune func-
tion [3-5]. The observed increased survival has led to aging and a higher prevalence of chronic
diseases in this population, such as cardiovascular and pulmonary diseases, malignancies and
even a unique set of comorbidities, which are now designated as HIV-associated non-AIDS
(HANA) conditions [6]

HIV-infected people are at higher risk for critical illnesses than demographically matched
HIV-negative individuals with similar comorbidities [6]. Opportunistic infections are still the
leading cause of intensive care admissions, mainly in low- and middle-income countries or
among patients with low treatment adherence or low healthcare access [7,8]. On the other
hand, HANA conditions have gained increasing importance as causes for intensive care unit
(ICU) admissions [6,9]. Recent evidence suggests that short-term ICU mortality has decreased
in HIV-infected patients, independently of CD4+ cell counts, HIV load or previous HAART
use, which is likely due to increased access and improved critical care management in the last
decade [9].

However, it is still uncertain which aspects of the clinical management of HIV affect the
patient’s outcome in the ICU. The use of HAART in this setting, as initiation or maintenance,
is still a matter of concern, due to possible changes in its bioavailability, associated adverse
effects, and the risk of induction of viral resistance [7,8,10].

Therefore, we performed a systematic review and meta-analysis of published studies that
focused on the impact of HAART on the outcomes of HIV-infected patients admitted to the
ICU. To our knowledge, a systematic review on the use of HAART during the ICU stay has
not been performed so far. Consequently, our hypothesis was that the use of HAART during
critical illness could influence the short-term (ICU mortality and in-hospital mortality after
ICU discharge) and/or the long-term (mortality > 90 days after ICU discharge) outcomes.

Materials and methods

This study was registered on the International Prospective Register of Systematic Reviews
(PROSPERO http://www.crd.york.ac.uk/PROSPERO/): registration number CRD420150
26739.

An electronic search was performed on 09/14/2017 using three online medical reference
databases: PubMed (MEDLINE http://www.ncbi.nlm.nih.gov/pubmed/), Web of Science
(Thomson Reuters http://wokinfo.com/) and Scopus (Elsevier http://www.scopus.com/) to
identify studies published in English from the time that HAART was considered a viable treat-
ment option and that investigated the prognostic factors for survival or mortality in critically
ill adult patients with HIV/AIDS. The search was conducted for short-term and long-term
mortalities.
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The following search string was used on PubMed and Web of Science: ("HIV" OR
"Acquired Immunodeficiency Syndrome Virus" OR "AIDS Virus" OR "AIDS Viruses" OR
"Virus, AIDS" OR "Viruses, AIDS" OR "Acquired Immunodeficiency Syndrome" OR "Immu-
nologic Deficiency Syndrome, Acquired” OR "Acquired Immune Deficiency Syndrome"” OR
"Acquired Immunodeficiency Syndrome") AND ("Critical Care"[Mesh] OR "Intensive Care"
OR "Critical Illness" OR "Critically IlI" OR "Intensive Care Units").

Specific string terms were used for Scopus due to its search engine characteristics: search—
TITLE-ABS-KEY (hiv) OR TITLE-ABS-KEY (aids) AND TITLE-ABS-KEY (critical care) OR
TITLE-ABS-KEY (intensive care) OR TITLE-ABS-KEY (critically ill) OR TITLE-ABS-KEY
(critical illness) AND SUBJAREA (mult OR bioc OR immu OR neur orphar OR mult OR
medi OR nurs OR heal) AND PUBYEAR > 1995.

The articles were identified in a staged process whereby titles were initially screened for
potential eligibility by a single reviewer (HBA). Exclusion criteria were as follow: review arti-
cles, letters to the editor, opinions, or comments; articles that evaluated pregnant women or
pediatric populations; articles that lacked HIV-or ICU-specific data; and articles that lacked an
outcome evaluation or had no outcome of interest (mortality/survival).

Following this selective review, the abstracts were read by two reviewers (HBA and CRS)
for possible eligibility. Articles were eligible if the following criteria were met: publication date
after 01/01/1996; study of adult humans (age>>18 years); information collected after HAART
was approved for use; risk factors for the outcomes of interest; and clear and available informa-
tion about the outcome of interest: short-term mortality (ICU mortality, or hospital mortality
after ICU discharge), or long-term (>90 days) mortality after ICU discharge.

Finally, the reviewers (HBA and CRS) searched full-text articles that focused specifically on
the impact of the use of HAART during the ICU stay and/or the prognosis of critically ill HIV
patients and included articles that reported short- and long-term mortality data in regression
analyses. The bibliographies of the articles were also reviewed to determine if any relevant
studies could be considered. Disagreements between reviewers were resolved by a third
reviewer (AM]).

Data was extracted onto standardized data extraction REDCap (web-based data capture
tool for research studies www.project-redcap.org) sheets independently by HBA and CRS
(data extraction sheets available on request). The following data were collected from each arti-
cle: study design, method of data collection, number of HIV patients, mortality with and with-
out HAART and demonstrated strength of association (e.g., data gathered on the odds (OR)
and/or hazard (HR) ratios, 95% confidence intervals (95%CI), and p-values (<0.05) for each
of the studied outcomes). The methodological quality of reporting of the selected articles was
assessed by two reviewers (HBA and CRS) using the Methodological Index for Non-Random-
ized Studies (MINORS) tool score system [11].

The software used for data analysis was the Review Manager 5.3.5 for Mac OS X (2017—
http://tech.cochrane.org/revman/download) after importing REDCap data as Microsoft Excel
2016 compatible spreadsheets files. The comparison of the dichotomous primary outcome
(death; yes/no) was conducted using a conventional Mantel-Haenszel random effects meta-
analysis and posterior sensitivity analyses, which were reported as odds ratios with 95% confi-
dence intervals (CI). Heterogeneity of study-specific results was quantified using the descrip-
tive I” inconsistency measure. Possible publication bias was inspected using asymmetry tests
(funnel plots).

ICU and hospital mortalities were combined as short-term mortality. When an article pre-
sented both ICU and hospital mortalities data, the latter was used as outcome [12]. We also
performed sensitivity analyses to check for the effects of possible heterogeneity among pub-
lished articles.

PLOS ONE | https://doi.org/10.1371/journal.pone.0186968 October 24, 2017 3/12


http://www.project-redcap.org/
http://tech.cochrane.org/revman/download
https://doi.org/10.1371/journal.pone.0186968

@° PLOS | ONE

Review of HAART for critically ill HIV patients

Results

In the first step, 745 articles from PubMed, 772 from Web of Science and 484 from Scopus
were identified. After title review, the original results were filtered to 72 studies from PubMed,
49 from Web of Science and 18 from Scopus. Duplicates were excluded, which resulted in 76
abstracts that were potentially eligible. After further screening, 37 full-text articles and their
references were assessed. Finally, 12 papers [7,13-23] were included in the qualitative synthe-
sis, for systematic review. Chiang et al. showed no detailed data for the quantitative synthesis,
so the remaining eleven were meta-analyzed for short-term mortality (ICU mortality and hos-
pital mortality after ICU discharge-Table A in S1 File). Fig 1 represents the review flowchart.

The selected 12 articles were conducted in various countries and were published between
2003 and 2015. All the articles were single center retrospective cohort studies, with an absolute
total number of 1,584 HIV patients who were admitted for intensive care. Generally, the char-
acteristics of the population in most studies were similar. The mean CD4 cell count was below
200 cells/mm? in all studies. Respiratory failure was the most frequent cause of ICU admission
in 10 of 12 studies. Nine out of the 12 studies included all HIV patients admitted to the ICU,
and 3 studies selected a subset of HIV patients (sepsis, Prneumocystis jiroveci pneumonia, or
acute respiratory failure). Conversely, the length of follow-up was diverse among the selected
studies: 5 studies followed patients up to hospital discharge, 2 studies followed patients for 6
months, another 2 studies followed patients for a year, and 3 other studies presented different
periods of follow-up. Table 1 summarizes the general characteristics of the studies.

The methodological quality of the 12 studies were heterogeneous. Table 2 compares the
methodological quality of the selected studies using the MINORS score system.

Although all studies were retrospective in nature and the main goals were stated, there was
bias in the assessment of endpoints, loss of follow-up was common (5 out of 12 studies), and
the control group was not equivalent or contemporary to the studied group (6 out of 12). No
study reported calculation of the its sample size. The twelve criteria used for scoring are
detailed on the Appendix in S1 File.

Effects on short-term mortality

The meta-analysis of eleven articles [7,13-15,17-23] that reported short-term mortality con-
firmed the reduction of short-term mortality in the HAART-exposed group with a random
effects odds ratio of 0.53, 95%CI 0.31-0.91, z-score -2.29, p = 0.02. However, the heterogeneity
was high (I* 77%) with a significance level of p<0.00001. The funnel plot analysis showed four
studies [13,15,21,22] outside the 95%CI region. Fig 2 shows the forest plot and Fig 3 the funnel
plot of HAART random effects model on short-term mortality.

We investigated whether the initiation or maintenance of HAART during the ICU stay
were associated with the outcome. The information on HAART prescription during the ICU
stay was not uniform across all articles. It was reported in only 6 articles [7,17,19-21,23], while
it was not informed in the remaining 5 articles. Overall, there was no observed difference in
outcome whether HAART was maintained or initiated during the ICU stay.

Effects on long-term mortality after ICU discharge

Six articles [7,14,18,19,21,22] evaluated long-term follow-up (>90 days) after ICU discharge
(Table A in S1 File). Three of them presented statistically significant beneficial effects of the
use of HAART during the ICU stay after 6 months [7], 1 year [19] and 5 years [22]. The other
three studies [14,18,21] showed no benefit. Even so, it was not possible to meta-analyze them
due to lack of report of specific data on HAART. A Pearson’s chi-square test with a p-
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Records identified through

. . database searching:
Identification

- Pubmed: 745
- Scopus: 484
- Web of Science: 772
Screening Title review: Pubmgd 72, Scopus 18, Web of
Science 49
Records excluded
Abstracts review: Records (n=40) - no risk factors
after duplicates removed or outcome of interest
(n=76) (survival/mortality)
Eligibility
Full-text articles assessed Full text articles excluded
for eligibility (n=37) (n=26):
(5) cohort before HAART era
(2) descriptive data only
] (4) long term mortality only
(8) no HAART
(6) HAART use before ICU stay
Studies included in (1) No detailed data for
qualitative synthesis meta-analysis
(n=12)
Included Studies included in
guantitative synthesis, or
meta-analysis
(n=11)

Fig 1. Highly active antiretroviral therapy systematic review and meta-analysis flowchart. HAART systematic review flowchart, which shows the
procedure used for the selection of the articles for the qualitative and quantitative synthesis. HAART highly active antiretroviral therapy; ICU intensive care
unit. PRISMA Model Flow Diagram [24].

https://doi.org/10.1371/journal.pone.0186968.9001
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Table 1. General characteristics of the studies.

Author | Country
Adlakha London, UK
Amancio Belo Horizonte,
Brazil
Barbier Paris, France
Chiang Taipei, Taiwan
Cribbs Atlanta, USA
Croda Séao Paulo, Brazil
Greenberg Atlanta, USA
Meybeck | Tourcoing, France
Morquin | MontpellierFrance
Morris San Francisco,
USA
van Utrecht, The
Lelyveld Netherlands
Vargas— Mexico City,
Infante Mexico

Period

Jan99-Jun09

Jan-Dec06

Jan96-Dec06

Jan01-Feb10

2006-2010

Oct96-Oct06

Oct06-Jan09

Jan00-Dec09

Jan97-Dec08

Jan96-Jun01

Jul06-Dec08

Dec85-Jan06
Nov96-Jan06
HAART era

Study Design

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
analysis of a
prospective

cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

CD4
(cells/mm?®)

110 (20—
340)
116 (£172)

192 (46—
393)

30 (13-103)

41 (8-161)

39 (16-92)

30 (1-1501)
112 (1-935)
17354192

19 (1-580)

83 (0-642)

Aids CDC

criteria
90.5%

Follow-up

Hospital
discharge

24 months

Hospital
discharge

100 days

Hospital
discharge

6 months

Hospital
discharge
6 months

1 year

Hospital
discharge

5years

5years

Severity

APACHE Il
16.5 (13—
23)
APACHE Il
22 (12)
SOFA 4 (3—
7)

APACHE Il
19 (15-25)
APACHE II
26.3£7.9

APACHEII
19

APACHEII
24 5
SAPSII
47 £ 20
SAPSII
53.8 £20.7

APACHE II
13 (4.5)

APACHE I
25 (10-41)

APACHE Il
11 (2—26)
HAART era

Main cause of
admission

PCP (50%)

Respiratory
failure (43.20%)

Respiratory
failure (100%)

Respiratory
failure (78.5%)

Sepsis (100%)

Respiratory
failure (33%)
and sepsis
(31.3%)

Sepsis (100%)

Respiratory
failure (51%)

Respiratory
failure (38.8%)

Respiratory
failure (100%)

Respiratory
failure (43%)

Respiratory
failure (86%)
HAART era

Inclusion criteria

HIV-infected patients

HIV-infected patients

HIV-infected patients
with acute
respiratory failure

HIV-infected patients

All septic HIV
patients from a
prospective cohort

HIV-infected patients
>24 h

HIV-infected patients
with sepsis

HIV-infected patients
HIV-infected patients

HIV-infected patients
with confirmed
severe PCP

HIV-infected
patients, excluding
postoperative
patients and
intoxications

HIV-infected patients

APACHE Il Acute Physiology and Chronic Health Evaluation Il score; SAPS Il Simplified Acute Physiology Score II; SOFA Sequential Organ Failure
Assessment score; PCP Pneumocystis jiroveci pneumonia; HAART highly active antiretroviral therapy

https://doi.org/10.1371/journal.pone.0186968.t001

value>0.05 suggested no association with the outcome, aborting initial plans on performing a
meta-regression.

Discussion

This systematic review and meta-analysis is a comprehensive assessment of the possible effect
of the use of HAART, during ICU stay, in critically ill HIV positive patients. It provides data
from a total of 1,584 critically ill HIV positive patients from 12 studies, all of which were retro-
spective in nature and presented roughly similar population characteristics. Our data high-
lights a reduction in short-term mortality with the use of antiretroviral treatment during the
ICU stay. There was also an observed trend for lower long-term mortality with the use of
HAART in this setting. However, we noticed a wide heterogeneity of methodological quality
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Table 2. Comparison of the methodological quality of articles using the Methodological Index for Non-Randomized Studies (MINORS) score sys-

tem[11].

Criteria | Adlakha | Amancio | Barbier

1

0N O o s WN

9
10
11
12

Total
score

1

N === O/dDN O = |= N

-t
£~

© O OO0 0 oMo |= NN

= | = = NDO NN OIN|= =N

Y
a

Chiang | Cribbs | Croda | Greenberg | Meybeck | Morquin | Morris | van Lelyveld | Vargas Infante

2 2 2 2 2 2 2 2 2
2 2 2 0 2 2 2 2 2
1 1 1 1 1 1 1 1 1
2 2 2 1 2 1 2 2 2
0 0 0 0 0 0 0 0 0
2 2 2 2 2 2 2 2 1
2 2 1 2 1 1 2 1 2
0 0 0 0 0 0 0 0 0
1 2 2 0 2 1 2 2 2
2 2 2 0 2 2 2 1 1
2 2 2 0 2 1 2 2 2
1 2 2 0 1 2 1 0 2
17 19 18 8 17 15 18 15 17

The MINORS criteria are: 1. An openly stated aim; 2. Inclusion of consecutive patients; 3. Prospective collection of data: data were collected according to a
protocol established before the beginning of the study; 4. Endpoints appropriate to the aim of the study; 5. Unbiased assessment of the study endpoint; 6.
Follow-up period appropriate to the aim of the study; 7. Loss to follow-up of less than 5%; 8. Prospective calculation of the study size; 9. An adequate control
group; 10. Contemporary groups; 11. Baseline equivalence of groups; 12. Adequate statistical analysis. The items are scored 0 (not reported), 1 (reported
but inadequate) or 2 (reported and adequate).

https://doi.org/10.1371/journal.pone.0186968.t1002

among the studies, which precludes a stronger assertion about the protective effects of
HAART for critically ill HIV patients.

Prescribing HAART in the ICU setting presents distinct challenges related to drug interac-
tions [10], doses and delivery [25], as well as antiretroviral-associated toxic effects [26]. As few
studies are currently available to guide the use of HAART in critically ill HIV-infected patients,
the decision to initiate or maintain HAART in this situation is subjective, as there is no current
consensus among experts [27]. Selection bias might be an issue as the sickest patients, who
likely have a higher risk of death, would not be perfect candidates for the use of antiretroviral
drugs due to their clinical status, especially in patients with shock syndromes and/or possibly
reduced intestinal absorption. This is currently a challenge as almost all antiretroviral agents
are available as oral preparations only.

A sensitivity analysis was performed (Figs A and B in S1 File). We re-evaluated our results
by separating the studies into subgroups of ICU mortality and hospital mortality after ICU dis-
charge; by excluding the largest study; by excluding the studies with lower methodologic qual-
ity (MINORS< 10 points); and by excluding those with geographical and temporal variation.

There was still an observed lower short-term mortality associated with the use of HAART
during the ICU stay, even after conducting the sensitivity analysis in regards to sample size,
the study’s origin (high versus lower income countries), and the period of publication (before
or after 2005 and 2010).

However, there was a difference of beneficial effect between the ICU and hospital mor-
talities subgroups: the use of HAART did not significantly impact the hospital mortality
after the random effects analysis. This discrepancy might be explained by the fact that 3
[13,15,21] out of the five papers [13,15,17,20,21] which studied hospital mortality were out-
side the 95%CI region of the funnel plot. This suggests the possibility of either publication
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HAART
Events Total Events Total

Study or Subgroup

No HAART

Odds Ratio

Weight M-H, Random, 95% CI

Odds Ratio
M-H, Random, 95% CI

1.1.1 Low heterogeneity

Amancio 2012 3
Cribbs 2015 27
Croda 2009 111
Greenberg 2012 15
Meybeck 2012 5
Morquin 2012 6
Morris 2003 3

Subtotal (95% CI)

Total events 170

19
58
204
43
32
29
12
397

55
48
43
37
12
36
29

260

106
96
74
82
59
69
46

532

7.2%
10.5%
11.1%

9.9%

7.9%

8.6%

6.6%

61.9%

0.17 [0.05, 0.63]
0.87 [0.45, 1.67]
0.86 [0.50, 1.47]
0.65 [0.30, 1.40]
0.73[0.23, 2.28]
0.24 [0.09, 0.66]
0.20 [0.05, 0.82]
0.52 [0.32, 0.84]

Heterogeneity: Tau? = 0.20; Chi? = 12.21, df = 6 (P = 0.06); 1> = 51%
Test for overall effect: Z = 2.66 (P = 0.008)

1.1.2 High heterogeneity

Adlakha 2011 21
Barbier 2009 13
van Lelyveld 2011 16
Vargas-Infante 2007 10
Subtotal (95% CI)

Total events 60

107
43
29

35
214

38
16
20
42

116

85
104
51
55
295

10.6%
9.5%
9.1%
8.9%

38.1%

0.30 [0.16, 0.57]
2.38[1.03, 5.53]
1.91 [0.76, 4.80]

0.12 [0.05, 0.32]
0.64 [0.17, 2.44]

Heterogeneity: Tau? = 1.67; Chi? = 31.13, df = 3 (P < 0.00001); I> = 90%
Test for overall effect: Z = 0.65 (P = 0.51)

Total (95% CI)

Total events 230

611

376

827

100.0%

0.53 [0.31, 0.91]

Heterogeneity: Tau? = 0.60; Chi? = 43.34, df = 10 (P < 0.00001); I*> = 77%
Test for overall effect: Z = 2.29 (P = 0.02)

Test for subgroup differences: Chi2 = 0.08,df = 1 (P = 0.77), I*> = 0%

—_—

—
—_—

>

0.01

0.1 10 100

Favours HAART Favours No HAART

Fig 2. Forest plot of the effects of highly active antiretroviral therapy (HAART) on short-term mortality-random effects odds ratio.

https://doi.org/10.1371/journal.pone.0186968.9002

bias or a systematic difference between studies of higher and lower precision (typically
‘small study effects’) [12].

Standard Error

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7

0.8

Meta-analysis

Odds ratio

10

Fig 3. Funnel plot of the effects of highly active antiretroviral therapy (HAART) on short-term
mortality-random effects odds ratio.

https://doi.org/10.1371/journal.pone.0186968.g003
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An assessment of symmetry in a funnel plot is typically subjective. Any evaluation is partic-
ularly challenging when the number of studies is small; funnel plots are considered unreliable
methods of investigating potential bias if the number of studies is less than 10 [28]

Moreover, the heterogeneity analysis showed a substantial variability between studies.
There was also high heterogeneity of methodological quality as expressed by the MINORS
score. A meta-analysis of retrospective studies is expected to face the challenges of high hetero-
geneity and publication bias [29].

The patient population in different institutions and countries probably pertained unique
characteristics and treatment preferences or protocols that influenced the spectrum of the dis-
ease. There were significant differences between hospital admission and discharge policies, as
well as differences in practice patterns of the local staff [7]. These variables could have influ-
enced the decision to start or not HAART during the ICU stay.

The articles presenting long-term outcomes disclosed very few ICU data. It was difficult to
relate the critical and acute illness to a very long-term outcome. The long-term benefits of
HAART are undeniable for the non-hospitalized patient, and well established on the literature
[4,5,30-36]. As of now, there is no prospective study designed to assess the long-term effects of
HAART in the survivors of critical illnesses.

This study has some limitations. Missing odds ratio values in some of the original articles
made it unfeasible to calculate the meta-analysis using an adjusted odds ratio. Additionally,
missing data and the small number of studies did not allow for a meta-analysis of the long-
term outcomes. Clinical practice and demographics may differ across time, institutions, and
countries. No randomized clinical trials were identified in the literature review; and observa-
tional retrospective studies may present heterogeneities, missing data, biases and confounders
that could that have reduced the strength of our observations.

Conclusions

The clinical implication of these findings is to support the initiation or maintenance of
HAART in all HIV critically ill patients, as soon as the clinical condition dictates, even during
an ICU stay. This meta-analysis suggests a promising trend for better outcomes in patients
whom were treated with HAART during their ICU stay. Future randomized clinical trials are
necessary to answer this question.
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