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abStraCt

Objective: Knowledge on characteristics and outcome of ICU patients with AIDS is 
highly limited. We aimed to determine the main reasons for admission and outcome in 
ICU patients with AIDS, and trends over time therein.

Design: A retrospective study within the Dutch National Intensive Care Evaluation reg-
istry.

Setting: Dutch ICUs.

Patients: We used data collected between 1997-2014. Characteristics of AIDS patients 
were compared to ICU patients without AIDS, matched for age, sex, admission type, and 
admission year. Joinpoint regression analysis was applied to study trends over time.

Interventions: None.

Measurements and main results: We included 1127 AIDS patients and 4479 matched 
controls. The main admission diagnoses of AIDS patients were respiratory infection 
(28.6%) and sepsis (16.9%), which were less common in controls (7.7% and 7.5% respec-
tively; both P<0.0001). AIDS patients had increased severity of illness and in-hospital 
mortality (28.2% versus 17.8%; p<0.0001) compared to controls, which was associated 
with a higher rate of infections on admission in AIDS patients (58.4% vs 25.5%). Over 
time the proportion of AIDS patients admitted with an infection decreased (75% in 1999 
to 56% in 2013). Mortality declined in AIDS patients (39% in 1999 to 16% in 2013), both 
in patients with or without an infection. Mortality also declined in matched controls 
without AIDS, but to a lesser extent.

Conclusion: Infections are still the main reason for ICU admission in patients with AIDS, 
but their prevalence is declining. Outcome of AIDS patients continued to improve dur-
ing a time of widespread availability of combination antiretroviral therapy, and mortality 
is reaching levels similar to ICU patients without AIDS.
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IntroduCtIon

Patients with AIDS in the Intensive Care Unit (ICU) form a special group with specific 
disease presentations, care needs and outcomes. At the beginning of the HIV pandemic, 
respiratory insufficiency, mainly caused by Pneumocystis jirovecii pneumonia, was the 
principal cause of ICU admission in HIV positive patients and in-hospital mortality rates 
were very high (69-77%) [1, 2]. In this era, before combination antiretroviral therapy 
(cART) became available, HIV/AIDS patients were often cared for outside the ICU, reflect-
ing the limited opportunities for long term survival. The introduction of cART in 1996 
led to a significant reduction in progression to AIDS and mortality among HIV positive 
patients, and opened up the doors of ICUs for HIV/AIDS patients [1, 3]. Furthermore, a 
previous study in The Netherlands found a significant improvement in both short- and 
long-term outcome in HIV patients admitted to the ICU following the introduction of 
cART [4]. Currently, the main causes of ICU admissions for HIV infected patients include 
acute respiratory failure, sepsis, and severe neurologic disorders [5-8]. Complications not 
unique to underlying HIV disease, such as bacterial pneumonia, renal disease, hepatic 
disease, cardiovascular disease, and solid tumors occur at relatively high frequency in 
HIV positive subjects, indicating that the spectrum of disease in HIV positive patients 
in the ICU has become largely similar to that of HIV negative patients [2, 9]. Although 
some recent studies still report excess mortality in HIV patients in the ICU [10-12], others 
found similar outcomes compared to HIV negative patients [13, 14].

While previous studies reported on ICU admissions of HIV positive patients, who often 
have good cellular immunity since the introduction of cART, knowledge of the presen-
tation and outcome of patients with advanced HIV infection fulfilling the diagnostic 
criteria of AIDS is limited [2, 5-8]. Such knowledge is highly relevant, considering that in 
the developed world approximately one third of newly diagnosed HIV infections involve 
patients with advanced disease [15]. Furthermore, few studies have compared changes 
over time in outcome of ICU patients with AIDS to ICU patients without AIDS in the era of 
widespread availability of cART. Here, we aim at determining clinical characteristics and 
outcome of ICU patients with AIDS, and trends over time therein, compared to matched 
controls, using data collected in Dutch ICUs from 1997 to 2014. 

MatErIalS and MEtHodS

Patient data

The database of the Dutch National Intensive Care Evaluation (NICE) registry was used in 
this retrospective observational study [16]. In 1996 the NICE foundation started collect-
ing data on patients admitted to Dutch ICUs to gain insight in the performance of ICUs 
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in the country, and to improve quality of care. The NICE database includes variables that 
describe patient characteristics, severity of illness during the first 24 hours of ICU admis-
sion, the ICU and in-hospital mortality, and length of stay. Data are encrypted such that 
all patient-identifying information, including name and patient identification number, 
are untraceable. To ensure data quality, ICU employees attend training sessions on data 
collection, data are automatically checked on several points, and audits are carried out 
[17].

Attending ICU physicians identified patients as being admitted with AIDS in the NICE 
database when they were HIV positive combined with an AIDS-defining opportunistic 
illness such as P. jiroveci pneumonia, Kaposi’s sarcoma, lymphoma, tuberculosis or toxo-
plasmosis infection, and/or a CD4 count below 200 cells/μL, including both patients with 
a previous diagnosis as well as de novo presentations. Patients were grouped according 
to their APACHEII (Acute Physiology and Chronic Health Evaluation II) principal reason 
for admission (Supplementary data 1: APACHEII reasons for admission) [18]. Patients 
were stratified according to the presence of an infection by grouping patients with an 
APACHEII diagnosis of ‘sepsis’ or ‘respiratory tract infections’ and/or the presence of a 
confirmed infection in the first 24 hours of admission. Data for the current study were 
collected from all consecutive admissions to participating ICUs between January 1997 
and January 2014.

Ethics

The NICE initiative is officially registered according to the Dutch Personal Data Protection 
Act. The data in the NICE registry has been encrypted in a way that all patient identifying 
information, such as name and patient identification number, has been removed. The 
need for ethical committee approval was waived by the Central Committee on Research 
Involving Human Subjects, because the study was purely retrospective and used only 
anonymous patient data.

Selection of control patients without aIdS

In order to assess the impact of AIDS on admission diagnoses, severity of illness and 
outcome, control patients without AIDS were selected by matching for age, sex, type 
of admission (medical or surgical, and planned or unplanned) and year of admission. 
Medical admissions were defined as admissions which did not come directly from the 
operating or recovery room. Surgical admissions were divided in two groups: planned- 
or emergency surgery. Planned admissions were prearranged and could be delayed for 
another 12 hours without additional risk for the patient. Controls were only selected 
from ICUs that had admitted more than five AIDS patients during the study period, such 
that cases and controls were more comparable. If a perfect match was not available, 
age, admission year or both were allowed to differ by one year. All cases were matched 
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to a maximum of four controls [19]. We used a Structured Query Language (SQL) server 
database for the data and SQL statements were used to identify the controls.

Statistical analysis

Categorical variables are presented as percentages and continuous variables are pre-
sented as mean and standard deviation (SD), or as median and interquartile range (IQR) 
depending on the data distribution. We used χ2 tests for comparisons of categorical 
variables, and independent t test or Mann Whitney U test to assess differences for con-
tinuous variables.

Standardized mortality rates (SMRs) were calculated by dividing the observed cases 
of in-hospital mortality by the predicted number of cases of in-hospital mortality. We 
obtained the predicted in-hospital mortality using the results of a mixed effects logistic 
regression analysis with in-hospital mortality as the dependent variable and admission 
type, age, gender, confirmed infection, mechanical ventilation in the first 24 hours of 
admission, cardiovascular insufficiency, acute renal failure, need for vasopressors and 
severity of illness based on a modified APACHEII score excluding the points for im-
munolical insufficiency [18] as independent variables. The dependent variables were 
chosen based on clinical relevance and in case they had a level of significance of <0.1 in 
univariate analyses. Mixed effects logistic regression was used to account for potential 
correlation of outcomes within ICUs [20].

To analyze trends over time, data was used from 1999 to 2014, as the number of 
participating hospitals and included AIDS patients was very low in the first two years of 
data collection. Joinpoint regression analysis was used to determine trends over time 
for categorical variables, using Joinpoint Regression Program (Version 4.1.1 - August 
2014; Statistical Methodology and Applications Branch, Surveillance Research Program, 
National Cancer Institute) as previously described [21, 22]. Trends are presented as the 
average annual percentage change (AAPC) and the 95% confidence interval. For in-hos-
pital mortality, trends in both crude and SMRs are analyzed. Comparability of Joinpoint 
regression models was assessed by testing the null hypothesis of no difference between 
the slopes of the trend line for the different groups.

Mixed effects regression analyses was used to analyses trends in time in continuous 
variables with the year of ICU admission as the independent variable and age or severity 
of illness as the independent variable. All these statistical analyses were performed using 
IBM SPSS statistics 21 and R 2.13.1 (R core team, Vienna, Austria). A p-value of 0.05 was 
applied as level of significance. The parameters for the generalized linear models were 
estimated using the function glm and for the mixed-effects models using the function 
glmer in the package lme4 [23, 24] 
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rESultS 

baseline characteristics 

Between 1997 and 2014, 701807 patients were admitted to one of the participating 
ICUs. Of these, 1127 (0.16%) had AIDS. Patients with AIDS were younger and more 
likely to be male than patients without AIDS (p<0.0001) (Supplementary data 2: table 
S1). The majority of AIDS cases involved medical admissions (77.2%), with a minority 
(22.7%) being admitted after surgery. In comparison, of all patients without AIDS 39.3% 
involved medical admissions, while the majority (58.2%) was admitted after surgery. 
In accordance, the main APACHE II diagnoses for patients with AIDS were respiratory 
infection (28.6%), sepsis (16.9%), and neurologic disease (4.4%), while among patients 
without AIDS, surgical diagnoses like chronic cardiovascular disease (mainly coronary 
artery bypass surgery) (13.4%), heart valve surgery (7.8%), and multiple trauma (6.2%) 
were the most frequent reasons for admission.

diagnoses, severity of illness and outcome

Considering the large demographic and admission type differences between patients 
with and patients without AIDS, we selected a non-AIDS control group matched for age, 
sex, type of admission and admission year (n = 4479), allowing a more accurate analysis 
of the particularities of AIDS patients in the ICU. In this sub-cohort demographics and 
admission type were well matched between patients with and without AIDS (table 1). 
Compared with matched controls without AIDS, respiratory infections and sepsis were 
more common admission diagnoses in patients with AIDS, whereas drug overdose, non-
surgical gastrointestinal disease, cardiac arrest and cardiovascular surgery were more 
common in patients without AIDS (table 1). The presence of an infection in ICU patients 
is known to be associated with more acute comorbidities, such as renal failure, and an 
increased mortality [25, 26]; thus we also compared comorbidities, severity of illness and 
outcome in patients with and without AIDS, stratified according to the presence of an in-
fection in the first 24 hours of admission (Supplementary data 3: table S2). AIDS patients 
were significantly more likely to have acute renal failure (13.0% versus 7.8%, p<0.001) 
and need for vasopressors (46.7% versus 40.7%, P=0.0003). These complications were 
associated with the predominance of an infection diagnosis in patients with AIDS, as 
both acute renal failure and the need for vasopressors were significantly more common 
in patients with an infection, while no differences were observed according to the pres-
ence of AIDS within groups of patients with or without an infection. Patients with AIDS 
had higher rates of chronic comorbidities, such as chronic obstructive lung disease (7.6% 
versus 3.2%, p<0.0001), chronic renal insufficiency (7.2% versus 4.6%, P=0.0005), chronic 
respiratory insufficiency (9.9% versus 6.5%, p<0.0001), neoplasm (3.7% versus 2.1%, 
P=0.0015), and hematologic malignancy (7.5% versus 2.6%, p<0.0001). When stratified 
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according to the presence of an infection, these differences were mainly observed in the 
non-infection group. On the other hand, diabetes was less frequent in patients with AIDS 
compared to controls (8.9% versus 19.9%, p<0.0001) (Supplementary data 3: table S2). 
Severity of illness, as expressed by the median APACHEII score, was significantly higher 
in patients with AIDS compared to matched controls (20 [IQR 14-26] versus 16 [IQR 11-
23], p<0.001). These differences were observed in both the infection and non-infection 
groups. In accordance, ICU length of stay, ICU mortality and in-hospital mortality were 
significantly higher in patients with AIDS. When stratified according to the presence of 
an infection, ICU length of stay and ICU mortality were not increased in patients with 
AIDS compared to controls, but in-hospital mortality was consistently higher in AIDS 
patients with or without an infection diagnosis (Supplementary data 3: table S2).

table 1. Baseline characteristics and admission diagnoses of AIDS patients and patients without AIDS 
matched for age, gender and admission type admitted to Dutch ICUs participating in the NICE registry 
between 1997 and 2014

aIdS
n=1127

no aIdS
n=4479

P

demographics

Age (mean, SD) 48.5 (13.6) 48.5 (13.4) 0.75

Sex, male (n,%) 864 (76.7) 3443 (76.9) 0.88

admission type (n,%) a,b

Medical 866 (77.2) 3452 (77.4) 1.0

Emergency surgery 102 (9.1) 396 (8.9)

Planned surgery 153 (13.6) 611 (13.7)

Main aPaCHE II reasons for admission (n, %)c

Respiratory infection (non-surgical) 318 (28.6) 339 (7.7) <0.0001

Sepsis (surgical and non-surgical) 188 (16.9) 332 (7.5)

Neurological (non-surgical) 49 (4.4) 173 (3.9)

Chronic cardiovascular disease (surgical) 40 (3.6) 209 (4.7)

Respiratory (non-surgical) 36 (3.2) 163 (3.7)

Drugs overdose (non-surgical) 32 (2.9) 234 (5.3)

Gastrointestinal (non-surgical) 26 (2.3) 225 (5.1)

After cardiac arrest (surgical and non-surgical) 25 (2.2) 262 (5.9)

Heart valve surgery (surgical) 23 (2.1) 141 (3.2)

a Data was available for 1122 AIDS cases and 4460 controls. Percentages were calculated using these figures 
as denominators; b An additional 0.1% of admissions in both AIDS and non-AIDS patients were deceased 
prior to admission. This category includes mostly organ transplant donors; c Data was available for 1113 
AIDS cases and 4410 controls. Percentages were calculated using these figures as denominators.
Abbreviations: n: number, SD: standard deviation, APACHE II: Acute Physiology and Chronic Health Evalu-
ation II.
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trends over time in infection diagnoses and outcome

As infections were the most common reason for ICU admission in patients with AIDS, we 
first assessed trends over time in infectious diagnoses. From 1999-2014 the proportion 
of patients with AIDS admitted to the ICU with an infection declined from 75% to 56% 
(AAPC -2.4 [-4.0 to -0.7]) (figure 1a). In particular, respiratory tract infections declined 
from 50% to 29% (AAPC -3.6 [-6.7 to -0.3]) (figure 1b), while the number of sepsis cases 
remained constant over time (AAPC -0.3 [-2.9 to 2.3]) (figure 1c). The decline in infections 
was specific for patients with AIDS, as no such trends were observed in our control group 
without AIDS (figures 1a and 1b). After sensitivity analysis, excluding an outlier in 2002, the 
decline in respiratory infections was no longer significant (APC=-1.99, -4.0 to 1.0). However 
for infections in general and mortality the decline remained statistically significant. We 
next assessed trends over time in in-hospital mortality. In patients with AIDS in-hospital 
mortality declined over time from 39% to 16% (AAPC -6.0 [-8.0 to -3.9]) (figure 2a). In our 
control cohort in-hospital mortality decreased as well, from 22% to 14%, but the annual 
decline was less than for patients with AIDS (AAPC -2.1 [-4.1 to -0.1], P=0.02 in comparison 
to the trends observed in patients with AIDS). In the group of patients with an infection, 
in-hospital mortality also declined in patients with AIDS, from 39% to 20% (AAPC -3.8 [-7.2 
to -0.4]), but not in control patients without AIDS (-0.3 [-2.7 to 2.1]) (figure 2b). For patients 
without an infection (as defined in the Materials and Methods section) in-hospital mortal-
ity declined from 40% to 10% in patients with AIDS (AAPC -10.1 [-13.2 to -6.8]) and from 
20% to 13% in patients without AIDS (AAPC -3.6 [-6.1 to -1.1]), and this change was more 
profound in patients with AIDS (P=0.0008) (figure 2c).

To assess whether the decline in mortality was caused by differences in baseline charac-
teristics, we used case-mix adjusted SMRs to compare trends in outcome for patients with 
and without AIDS, which showed similar reductions in mortality, with the largest improve-
ments for patients with AIDS (figures 2d-f). Furthermore we analyzed trends over time in 
the proportion of patients with AIDS in the cohort, baseline characteristics and severity of 
illness, including acute and chronic comorbidities (Supplementary data 4-7: table S3, figure 
S1, figure S2, and figure S3). The proportion of patients with AIDS was analyzed in a ho-
mogeneous group of hospitals that consistently participated in the NICE database between 
2004 and 2013 and was stable over time. Both age and the proportion of males increased 
over time in both AIDS cases and non AIDS cases as these characteristics were matched. In 
patients with AIDS, APACHEII scores, acute and chronic renal failure, cardiovascular disease 
and cirrhosis did not change over time. However, respiratory failure declined in cases with 
AIDS with a similar trend in non-AIDS patients. The need for mechanical ventilation and va-
sopressor drugs declined significantly over time in AIDS patients, but not in patients without 
AIDS (Supplementary data 4-7: table S3, figure S1, figure S2, and figure S3). For other comor-
bidities, including cardiopulmonary resuscitation, dysrythmia, neoplasm and hematologic 
malignancy, numbers were too small to allow for an analysis of changes over time.
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Figure 1. Trends over time in infection diagnoses in AIDS patients and controls (No-AIDS) between 1999 
and 2014.
Proportions of the total number of patients with or without AIDS are presented on the y-axis and calendar 
years on the x-axis. Data are presented as average annual percentage change (AAPC) with the 95% con-
fidence interval. P-values are given for the difference between the slopes of the trend line for the differ-
ent groups. Abbreviations: AAPC: average annual percentage change; AAPC*: average annual percentage 
change showing a significant trend over time.
(a) The proportion of patients with AIDS who had an infection on intensive care admission declined sig-
nificantly over time, while there was no such trend in patients without AIDS. (b) The proportion of patients 
with AIDS who had a respiratory tract infection on intensive care admission declined significantly over time, 
while there was no such trend in patients without AIDS. (c) The proportion of patients with or without AIDS 
who had sepsis on intensive care admission did not change significantly over time.



Chapter 4

82

1999 2001 2003 2005 2007 2009 2011 2013
0.0

0.2

0.4

0.6

0.8
AIDS
AAPC* -6.0 (-8.0 to -3.9)
No-AIDS
AAPC* -2.1 (-4.1 to -0.1)

Pr
op

or
tio

n

Comparison: p=0.02

1999 2001 2003 2005 2007 2009 2011 2013
0.0

0.2

0.4

0.6

0.8
AIDS
AAPC* -10.1 (-13.2 to -6.8)
Non-AIDS
AAPC* -3.6 (-6.1 to -1.1)

Pr
op

or
tio

n

Comparison: p=0.008

1999 2001 2003 2005 2007 2009 2011 2013
0.0

0.2

0.4

0.6

0.8
AIDS observed
AAPC* -3.8 (-7.2 to -0.4)
No-AIDS

Pr
op

or
tio

n

AAPC -0.3 (-2.7 to 2.1)
Comparison: p=0.0002

1999 2001 2003 2005 2007 2009 2011 2013
0.0

0.5

1.0

1.5

2.0
AIDS
AAPC* -4.7 (-7.3 to -2.1)
Non-AIDS
AAPC -0.4 (-3.5 to 2.8)

Comparison: p=0.026

SM
R

1999 2001 2003 2005 2007 2009 2011 2013
0

1

2

3 AIDS
AAPC* -8.1 (-11.7 to -4.4)
Non-AIDS
AAPC* -4.2 (-6.1 to -2.3)

Comparison: p=0.39

SM
R

1999 2001 2003 2005 2007 2009 2011 2013
0.0

0.5

1.0

1.5

2.0
AIDS
AAPC* -5.5 (-7.8 to -3.1)
Non-AIDS
AAPC* -3.0 (-4.4 to -1.6)

Comparison: p=0.12

SM
R

a 

b 

c 

d 

e 

f 

In-hospital mortality In-hospital SMR 
Al

l d
ia

gn
os

es
 

In
fe

ct
io

n 
di

ag
no

se
s 

N
on

-in
fe

ct
io

n 
di

ag
no

se
s 

1999 2001 2003 2005 2007 2009 2011 2013
0.0

0.2

0.4

0.6

0.8
AIDS
AAPC* -6.0 (-8.0 to -3.9)
No-AIDS
AAPC* -2.1 (-4.1 to -0.1)

Pr
op

or
tio

n

Comparison: p=0.02

1999 2001 2003 2005 2007 2009 2011 2013
0.0

0.2

0.4

0.6

0.8
AIDS
AAPC* -10.1 (-13.2 to -6.8)
Non-AIDS
AAPC* -3.6 (-6.1 to -1.1)

Pr
op

or
tio

n

Comparison: p=0.008

1999 2001 2003 2005 2007 2009 2011 2013
0.0

0.2

0.4

0.6

0.8
AIDS observed
AAPC* -3.8 (-7.2 to -0.4)
No-AIDS

Pr
op

or
tio

n

AAPC -0.3 (-2.7 to 2.1)
Comparison: p=0.0002

1999 2001 2003 2005 2007 2009 2011 2013
0.0

0.5

1.0

1.5

2.0
AIDS
AAPC* -4.7 (-7.3 to -2.1)
Non-AIDS
AAPC -0.4 (-3.5 to 2.8)

Comparison: p=0.026

SM
R

1999 2001 2003 2005 2007 2009 2011 2013
0

1

2

3 AIDS
AAPC* -8.1 (-11.7 to -4.4)
Non-AIDS
AAPC* -4.2 (-6.1 to -2.3)

Comparison: p=0.39

SM
R

1999 2001 2003 2005 2007 2009 2011 2013
0.0

0.5

1.0

1.5

2.0
AIDS
AAPC* -5.5 (-7.8 to -3.1)
Non-AIDS
AAPC* -3.0 (-4.4 to -1.6)

Comparison: p=0.12

SM
R

a 

b 

c 

d 

e 

f 

In-hospital mortality In-hospital SMR 
Al

l d
ia

gn
os

es
 

In
fe

ct
io

n 
di

ag
no

se
s 

N
on

-in
fe

ct
io

n 
di

ag
no

se
s 

1999 2001 2003 2005 2007 2009 2011 2013
0.0

0.2

0.4

0.6

0.8
AIDS
AAPC* -6.0 (-8.0 to -3.9)
No-AIDS
AAPC* -2.1 (-4.1 to -0.1)

Pr
op

or
tio

n
Comparison: p=0.02

1999 2001 2003 2005 2007 2009 2011 2013
0.0

0.2

0.4

0.6

0.8
AIDS
AAPC* -10.1 (-13.2 to -6.8)
Non-AIDS
AAPC* -3.6 (-6.1 to -1.1)

Pr
op

or
tio

n

Comparison: p=0.008

1999 2001 2003 2005 2007 2009 2011 2013
0.0

0.2

0.4

0.6

0.8
AIDS observed
AAPC* -3.8 (-7.2 to -0.4)
No-AIDS

Pr
op

or
tio

n

AAPC -0.3 (-2.7 to 2.1)
Comparison: p=0.0002

1999 2001 2003 2005 2007 2009 2011 2013
0.0

0.5

1.0

1.5

2.0
AIDS
AAPC* -4.7 (-7.3 to -2.1)
Non-AIDS
AAPC -0.4 (-3.5 to 2.8)

Comparison: p=0.026

SM
R

1999 2001 2003 2005 2007 2009 2011 2013
0

1

2

3 AIDS
AAPC* -8.1 (-11.7 to -4.4)
Non-AIDS
AAPC* -4.2 (-6.1 to -2.3)

Comparison: p=0.39

SM
R

1999 2001 2003 2005 2007 2009 2011 2013
0.0

0.5

1.0

1.5

2.0
AIDS
AAPC* -5.5 (-7.8 to -3.1)
Non-AIDS
AAPC* -3.0 (-4.4 to -1.6)

Comparison: p=0.12

SM
R

a 

b 

c 

d 

e 

f 

In-hospital mortality In-hospital SMR 

Al
l d

ia
gn

os
es

 
In

fe
ct

io
n 

di
ag

no
se

s 
N

on
-in

fe
ct

io
n 

di
ag

no
se

s 

Figure 2. Trends over time in outcome in AIDS patients and controls (No-AIDS) between 1999 and 2014.
Proportions of the total number of patients with or without AIDS who died (Figures a-c), or the standard-
ized mortality rate (SMR) (Figures d-f ), are presented on the y-axis and calendar years on the x-axis. Data 
are presented as average annual percentage change (AAPC) with the 95% confidence interval. P-values are 
given for the difference between the slopes of the trend line for the different groups. Abbreviations: AAPC: 
average annual percentage change; AAPC*: average annual percentage change showing a significant trend 
over time; SMR: standardized mortality rate.
(a) In-hospital mortality in patients with or without AIDS for all diagnostic categories combined declined 
significantly over time, with a more profound decrease in AIDS patients. (b) In-hospital mortality in patients 
who had an infection on intensive care admission declined significantly in AIDS patients, but not in patients 
without AIDS. (c) In-hospital mortality for patients with or without AIDS with a non-infection diagnosis 
declined significantly over time, with a more profound decrease in AIDS patients. (d) The SMR in patients 
with or without AIDS for all diagnostic categories combined declined significantly over time with no sig-
nificant difference in the annual percentage change between patients with or without AIDS. (e) The SMR 
in patients who had an infection on intensive care admission declined significantly in AIDS patients, but 
not in patients without AIDS. (f ) The SMR in patients with or without AIDS with a non-infection diagnosis 
declined significantly over time with no significant difference in the annual percentage change between 
patients with or without AIDS.
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dISCuSSIon

We describe the general characteristics and outcome of a cohort of 1127 patients with 
AIDS admitted to Dutch ICUs between 1997 and 2014. Our main findings are that the 
reason for ICU admission of patients with AIDS was often (45.5%) an infection, which 
was associated with enhanced severity and poor outcome, and that patients with AIDS 
had more chronic comorbidities. However, over time, the number of patients with AIDS 
admitted with an infection declined. In patients admitted with an infection, there was a 
marked decrease in mortality over time in patients with AIDS but not in controls without 
AIDS. In patients without infection, a decrease in mortality was seen in both patients 
with and without AIDS, but more profound in patients with AIDS.

In line with previous reports in HIV positive patients, respiratory tract infections 
(28.6%) and sepsis (16.9%) were the main admission diagnoses in patients with AIDS 
in the ICU [8]. Although this illustrates the continuing importance of infections despite 
the availability of cART, we found a significant decline in respiratory tract infections 
in patients with AIDS between 1999 and 2014. After sensitivity analyses, excluding an 
outlier in 2002, the decline in respiratory infections was no longer significant. However 
for infections in general the decline remained statistically significant, which is still best 
explained by a decline in respiratory tract infections, as the proportion of sepsis cases 
remained stable over time (figure 1). In line with these findings, a recent study in French 
ICUs found a reduction in admissions for respiratory failure, while the number of admis-
sions for sepsis remained stable over time [27]. Earlier studies in HIV infected patients 
also reported a decline in ICU admissions for respiratory failure in the cART era, com-
bined with a dramatic reduction in Pneumocystis Jirovecii pneumonia [28-30]. Our data 
suggests that in patients with AIDS a similar change in epidemiology is occurring, while 
vulnerability due to sepsis from other sites of infections remained constant over time.

Patients with AIDS had more acute and chronic comorbidities compared to matched 
controls, which could be related to several of their characteristics. The high frequency 
of renal failure and use of vasopressors compared to controls was associated with the 
predominance of infectious diagnoses. These acute comorbidities were more common 
in patients with an infection, but within groups with or without an infection there 
were no differences according to the presence of AIDS. Previous studies described an 
increased susceptibility of HIV patients to chronic illness, such as renal disease, due to 
HIV associated nephropathy and antiretroviral renal toxicity [31], liver disease due to 
chronic hepatitis B or C co-infection and drug induced liver failure [32, 33], and COPD and 
chronic respiratory insufficiency, which are linked to more frequent smoking, recurrent 
pulmonary infection [34], persistent pneumocystis colonization [35], and HIV induced 
alveolitis [36]. HIV patients are also more prone to develop hematologic malignancies 
such as non-Hodgkin lymphoma [37]. In line with these reports, we found renal failure, 
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COPD, chronic respiratory failure, cirrhosis, neoplasm, and hematologic malignancies, to 
be more frequently reported in ICU patients with AIDS compared to matched controls.

In-hospital mortality was 28.2% for ICU patients with AIDS, which is comparable to 
previous studies in HIV patients in the ICU during the cART era [30, 28]. Our study dem-
onstrates that the higher rate of infections in patients with AIDS is likely to account in 
part for the excess in ICU and in-hospital mortality in this group. Compared to the pre 
cART era, when hospital mortality rates of 60-86% were reported for critically ill patients 
with HIV, enormous improvements have been made and mortality rates continue to 
decline [38-40, 30]. In the Netherlands, cART was introduced in 1996, so throughout the 
duration of our study cART was available [41]. In line with trends in mortality observed in 
critically ill HIV patients in the cART era [30], we find that both crude in-hospital mortal-
ity and case mix adjusted in-hospital SMR decreased in ICU patients with AIDS. Although 
our study was not designed to assess causative factors related to mortality, our data 
suggest that the decline in mortality in patients with AIDS is not related to a reduction 
in severity of illness as APACHEII scores and the presence of renal failure, cardiovascular 
disease and cirrhosis on admission remained similar over time. There was a decrease in 
respiratory failure, but this was also observed in patients without AIDS.

Previous studies on factors associated with a negative outcome in HIV patients in the 
ICU found that age, APACHEII score, malignancies, hepatitis C co-infection and chronic 
liver disease were associated with mortality [42, 43, 10, 30]. While markers of HIV disease 
progression and cART were associated with survival in ICU patients with HIV in some 
studies [4, 30, 43], others reported no association between HIV related variables or the 
presence of opportunistic infections and mortality [42, 27]. A possible explanation for 
our findings is a general improvement in ICU standards of care, which is supported by 
the fact that mortality rates also declined significantly in our matched control group. 
However, the reduction in mortality in patients with AIDS was more profound compared 
to controls, in particular in patients with AIDS with an infection Furthermore, the im-
provement of cART drug regimens and a reduction in potentially life threatening side 
effects, such as lactic acidosis, hypersensitivity syndromes and toxic hepatitis [29] may 
have contributed to improved outcomes. Whether the use of cART in critically ill HIV 
patients in the ICU leads to improved outcomes remains controversial. The administra-
tion of cART in the ICU is complicated by potential drug interactions, the risk of provok-
ing immune reconstitution inflammatory syndrome, limited availability of intravenous 
antiretroviral drugs, while the pharmacokinetics of administration using nasogastric 
tubes are uncertain. Some studies have demonstrated a survival benefit of starting cART 
during ICU admission [5, 44], but the universal applicability of these results remains to 
be determined. In our present study, we have no data available on the use of cART dur-
ing ICU stay.
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In contrast with our findings, some recent studies report a continuing excess mortality 
in HIV infected patients [12, 10]. These studies may differ from ours in setting, as one 
of these was carried out in a large urban safety-net hospital caring for patients with 
limited access to medical care [12], and rates of hepatitis C virus co-infection, which was 
demonstrated to be an important determinant of outcome [10].

Our study has several limitations. First, we used a retrospective study design by 
extracting data from the NICE registry. Although quality of data collected by the NICE 
registry was previously evaluated and found to be of a high standard [17], the NICE 
database does not focus specifically on patients with AIDS. Therefore we do not have 
detailed information on the levels of immune suppression and the presence of AIDS-
defining diagnoses. Furthermore, HIV infection without AIDS is not classified in the 
NICE database. As such it is possible that some of the patients in our non-AIDS group 
were HIV positive. However, the Netherlands had a low HIV prevalence of around 0.2% 
throughout the study period [41], so this is unlikely to impact on our analyses. Although 
we only selected controls from ICUs that had admitted more than 5 patients with AIDS 
during the study period, we cannot fully exclude ICU dependent differences in presen-
tation and outcome between cases and controls. In addition, the NICE database does 
not contain information on race or socio-economic status, which might differ from our 
control cohort without AIDS. Furthermore, diagnostic categories were limited to those 
specified in the APACHEII model as these were registered throughout the entire study 
period. Therefore, we do not have specific information on, for example, site of infection 
or causative pathogens. In addition, the APACHEII severity score incorporates immu-
nodeficiency; consequently, patients with AIDS have an increased APACHEII score by 
definition, compared to otherwise similar patients without AIDS. However, in our cohort, 
increased severity of illness in patients with AIDS was also exemplified by the higher 
rates of acute co morbidities. Last, the NICE database does not contain information on 
medication use prior to or during ICU admission. Hence, we were unable to examine the 
use of cART and its potential correlation with patient outcome.

ConCluSIon

This study comprises one of the largest cohorts of patients with AIDS in the ICU. Our 
results illustrate that ICU patients with AIDS distinguish themselves from ICU patients 
without AIDS by the predominance of infections as reason for admission and increased 
chronic comorbidities. However, the finding that mortality, and in particular mortality in 
patients with AIDS with an infection, is decreasing in a more profound matter compared 
to controls without AIDS, indicates that even in severely ill patients with advanced HIV 
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infection the prognosis continues to improve during the cART era and is becoming 
increasingly similar to ICU patients without AIDS.
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SuPPlEMEntarY dataarY data 1: aPaCHEII rEaSonS For adMISSIon

Surgical patients

Cardiovascular - Surgical
 Multiple trauma - Surgical 
 Heart valve surgery - Surgical
 Peripheral vascular surgery - Surgical
 Haemorrhagic shock - Surgical
 Chronic cardiovascular disease - Surgical
 Sepsis - Surgical
 After cardiac arrest - Surgical

Gastrointestinal - Surgical
 Neoplasm - Surgical
 Bleeding - Surgical
 Perforation or obstruction - Surgical

Haematological - Surgical

Renal - Surgical
 Neoplasma - Surgical
 Transplant - Surgical

Metabolic - Surgical

Neurological - Surgical
 Craniotomy for neoplasm - Surgical
 Head trauma - Surgical
 Craniotomy for intracerebral subdural or subarachnoid haemorrhage 
 Laminectomy and other spinal cord surgery

Respiratory - Surgical
 Thoracic surgery for neoplasm - Surgical
 Respiratory insufficiency after surgery - Surgical
 After respiratory arrest

Laminectomy and other spinal cord surgery
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non-surgical patients

Cardiovascular - Non surgical
 Multiple trauma - Non surgical 
 Coronary artery disease - Non surgical
 Thoracic or abdominal aneurysm - Non surgical
 Congestive heart failure - Non surgical
 Hypertension - Non surgical
 Rhythm disturbance - Non surgical
 Cardiogenic shock - Non surgical
 Sepsis - Non surgical
 Haemorrhagic shock or hypovolaemia - Non surgical
 After cardiac arrest - Non surgical

Gastrointestinal - Non surgical
 Bleeding - Non surgical

Haematological - Non surgical

Renal - Non surgical

Metabolic - Non surgical
 Diabetic ketoacidosis - Non surgical

Neurological - Non surgical
 Head trauma - Non surgical
 Drug overdose - Non surgical
 Intracerebral subdural or subarachnoid haemorrhage – 
 Non surgical
 Seizure disorder - Non surgical

Respiratory - Non surgical
 Infection - Non surgical
 Neoplasm - Non surgical
 Pulmonary embolus - Non surgical
 Non-cardiogenic lung oedema - Non surgical
 After respiratory arrest -  Non surgical
 Asthma or allergy - Non surgical
 Chronic obstructive lung disease - Non surgical
 Aspiration poisoning or toxic - Non surgical
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SuPPlEMEntarY data 2:

table S1: Baseline characteristics of all patients admitted to Dutch ICUs participating in the NICE registry 
between 1997 and 2013 stratified according to the presence or absence of AIDS.

aIdS
n=1127

non aIdS
n=700680

P

demographics

Age (mean, SD) 48.5 (13.6) 62.9 (16.2) <0.0001

Sex, male (n,%) 864 (76.7) 423146 (60.4) <0.0001

admission type (n,%)a,b

Medical 866 (77.2) 275676 (39.3)

<0.0001

Emergency surgery 102 (9.1) 98562 (14.1)

Planned surgery 153 (13.6) 309100 (44.1)

Main aPaCHE II reasons for admission  (n, %)c

Respiratory Infection (non-surgical) 318 (28.6) 33004 (5.0)

<0.0001

Sepsis (surgical and non-surgical ) 188 (16.9) 44120 (6.6)

Neurological (non-surgical) 49 (4.4) 11604 (1.7)

Chronic cardiovascular disease (surgical) 40 (3.6) 89334 (13.4)

Heart valve surgery (surgical) 36 (3.2) 51762 (7.8)

Multiple trauma surgical) 33 (2.9) 41161 (6.2)

a Data was available for 1122 AIDS cases and 16830 controls. Percentages were calculated using these fig-
ures as denominators.
b An additional 0.1% of admissions in AIDS patients and 2.5% in non-AIDS patients were deceased prior to 
admission. This category includes mostly organ transplant donors
c Data was available for 1113 AIDS cases and 34107 controls. Percentages were calculated using these fig-
ures as denominators.
Abbreviations: n: number, SD: standard deviation, APACHE II: Acute Physiology and Chronic Health Evalu-
ation II.
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SuPPlEMEntarY data 3: 

table S2:  Baseline characteristics and outcome of AIDS patients and patients without AIDS matched for 
age, gender and admission type admitted to Dutch ICUs participating in the NICE registry between 1997 
and 2014, stratified according to the presence of absence of an infection admission diagnosis. 

all Infection non-infection

aIdS
n=1127

no aIdS
n=4479

Pa aIdS
n=659

no aIdS
n=1142

Pa aIdS
n=468

no aIdS
n=3337

Pa

demographics

Age (mean, SD) 48.5 
(13.6)

48.5 
(13.4)

0.75 46.82 
(12.7) ***

50.0 
(12.8) ***

<0.0001 50.8 
(14.4)

48.0 
(13.5)

<0.0001

Sex, male (n,%) 864 
(76.7)

3443 
(76.9)

0.88 510 
(77.4)

916 
(80.2) **

0.16 354 
(75.6)

2527 
(75.7)

0.97

acute comorbid disease (n,%)

cardiopulmonary 
resuscitation 

57 
(5.1)

467 
(10.4)

<0.0001 30 (4.6) 151 
(13.2)***

<0.0001 27 (5.8) 316 
(9.5)

0.009

cardiac 
dysrhythmia 

59 
(5.2)

298 
(6.7)

0.081 33 (5.0) 111 
(9.7) ***

0.0004 26 (5.6) 187 
(5.6)

0.97

acute renal failure 146
 (13.0)

348 
(7.8)

<0.0001 114 
(17.3)***

180 
(15.8)***

0.40 32 (6.8) 168 
(5.0)

0.10

mechanical 
ventilation

722
 (64.1)

2830 
(63.2)

0.58 467 
(70.9) ***

834 
(73.0) ***

0.32 255 
(54.5)

1996 
(59.8)

0.028

vasopressors 526
 (46.7)

1824 
(40.7)

0.0003 369 
(56.0) ***

677 
(59.3) ***

0.17 157 
(33.5)

1147 
(34.4)

0.72

Chronic comorbid diseases (n, %)

chronic 
obstructive lung 
diseaseb

61
(7.6)

98 (3.2) <0.0001 32 (7.2) 32 (4.0) 0.014 29 (8.0) 66 (3.0) <0.0001

chronic renal 
insufficiency

81
(7.2)

207 
(4.6)

0.0005 37 (5.6)* 94 
(8.2)***

0.039 44 (9.4) 113 
(3.4)

<0.0001

chronic respiratory 
insufficiency

112 
(9.9)

293 
(6.5)

<0.0001 67 
(10.2)

113 
(9.9)***

0.85 45 (9.6) 180 
(5.4)

0.0003

chronic 
cardiovascular 
insufficiency

47 (
4.2)

224 
(5.0)

0.25 14 
(2.1) ***

50 (4.4) 0.013 33 (7.1) 174 
(5.2)

0.10

cirrhosis 52 (4.6) 145 
(3.2)

0.025 22 (3.3) * 58 
(5.1)***

0.084 30 (6.4) 87 (2.6) <0.0001

neoplasm 42 (3.7) 94 (2.1) 0.002 17 (2.6) * 38 
(3.3)**

0.37 25 (5.3) 57 (1.7) <0.0001

hematologic 
malignancy

85 (7.5) 118 
(2.6)

<0.0001 52 (7.9) 66 
(5.8)***

0.081 33 (7.1) 52 (1.6) <0.0001

immunodeficiency 742 
(65.8)

238 
(5.3)

<0.0001 465 
(70.6) ***

139 
(12.2)***

<0.0001 277 
(59.2)

99 (3.0) <0.0001

diabetesb 72 (8.9) 602 
(19.9)

<0.0001 31 (7.0) * 203 
(25.4)***

<0.0001 41 
(11.3)

399 
(17.9)

0.002

aPaCHE II severity of illness
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all Infection non-infection

aIdS
n=1127

no aIdS
n=4479

Pa aIdS
n=659

no aIdS
n=1142

Pa aIdS
n=468

no aIdS
n=3337

Pa

APACHE II score  
(median, IQR)

20 (14-
26)

16 (11-
23)

<0.0001 22.0 
(17-27) 

***

20 (15-
26) ***

<0.0001 16 (11-
22)

14 (9-
21)

<0.0001

outcome

ICU Length of stay 
(median, IQR)

2.54
(0.84-
6.99)

1.90
(0.88-
5.13)

0.001 3.93
(1.34-

10.20)***

4.11
(1.80-

9.13) ***

0.34 1.04
(0.73-
3.23)

1.49
(0.80-
3.87)

0.002

ICU mortality (%) 205 
(18.2)

572 
(12.8)

<0.0001 153 
(23.2)***

228 
(20.0)***

0.10 52 
(11.1)

344 
(10.3)

0.59

Hospital mortality 
(%)c

284 
(28.2)

723 
(17.8)

<0.0001 202 
(34.5)***

272 
(28.2)***

0.009 82 
(19.5)

451 
(14.6)

0.008

a P-values are given for differences between AIDS patients and controls. Significant differences within 
groups between infection and non-infection are indicated in the table as follows: *=p,0.05, **=p<0.01, 
***=p<0.001
 b These comorbidities have only been registered from 2007 onwards, therefore the total numbers in these 
categories are 807 for AIDS patients, including 444 with an infection, and  3030 for non-AIDS patients, 
including 800 with an infection
c Data was available for 1006 AIDS patients, including 586 with an infection, and 4061 patients without 
AIDS, including 966 with an infection.
Abbreviations: n: number, SD: standard deviation, APACHE II: Acute Physiology and Chronic Health Evalua-
tion II, IQR: interquartile range
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table S3: Trends over time in age and APACHE II scores

aIdS non aIdS

b (95%CI) P b (95%CI) P

Age 0,74 (0.53-0.95) <0.0001 0,72 (0.62-0.84) <0.0001

APACHEII 0,003 (-0.015-0.020) 0,76 0,003 (-0.007-0.011) 0,57
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Figure S1: Trends over time in the proportion of AIDS patients and sex.
Proportions of the total number of patients with or without AIDS are presented on the y-axis and calendar 
years on the x-axis. Data are presented as average annual percentage change (AAPC) with the 95% confi-
dence interval. Trends over time in the proportion of AIDS patients  were only assessed in a homogeneous 
group of hospitals that consistently participated in the NICE database between 2004 and 2013. 
(a) The proportion of  patients with AIDS in the study population did not change  significantly over time. (b) 
The proportion of males in the study population increased slightly over time. Data are provided for AIDS 
patients only as non AIDS patients were matched for sex.
Abbreviations: AAPC: average annual percentage change; AAPC*: average annual percentage change 
showing a significant trend over time. 
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Figure S2: Trends over time in acute comorbidities.
Proportions of the total number of patients with or without AIDS are presented on the y-axis and calendar 
years on the x-axis. Data are presented as average annual percentage change (AAPC) with the 95% confi-
dence interval. P-values are given for the difference between the slopes of the trend line for the different 
groups.  
(a) Mechanical ventilation in the first 24 hours of admission declined significantly in AIDS patients, while it 
fluctuated without a significant downward trend in non-AIDS patients. (b) Acute renal failure showed an 
upward trend over the study period in non-AIDS cases without a significant trend in AIDS cases. However, 
parallellism of the two trend lines could not be rejected. (c) The use of vasopressor drugs in the first 24 
hours of admission declined significantly in AIDS patients, without a significant downward trend in non-
AIDS patients.
Abbreviations: AAPC: average annual percentage change; AAPC*: average annual percentage change 
showing a significant trend over time. 
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Figure S3: Trends over time in chronic comorbidities.
Proportions of the total number of patients with or without AIDS are presented on the y-axis and calendar 
years on the x-axis. Data are presented as average annual percentage change (AAPC) with the 95% confi-
dence interval. P-values are given for the difference between the slopes of the trend line for the different 
groups.  
(a) The presence of renal failure did not show a significant change over time in both AIDS patients and non-
AIDS patients. (b) The presence of respiratory failure decreased significantly over time in both AIDS patients 
and non-AIDS patients. There was no significant difference in the slope of the curves for trends over time. 
(c) The presence of cardiovascular failure did not show a significant change over time in both AIDS patients 
and non-AIDS patients. (d) The presence of cirrosis did not show a significant change over time in both AIDS 
patients and non-AIDS patients.
Abbreviations: AAPC: average annual percentage change; AAPC*: average annual percentage change 
showing a significant trend over time. 


