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T he first cases of acquired im-
mune deficiency syndrome
(AIDS) were reported in the
United States in 1981 when a

group of gay men with no known under-
lying disorders developed Pneumocystis
pneumonia (PCP) (1). In the 1980s, AIDS
was considered to be uniformly fatal, and
questions on the benefits of aggressive
interventions in the intensive care unit
(ICU) arose for each patient with ad-
vanced disease. Respiratory failure due to
PCP was by far the most common disor-
der that prompted ICU admission, and
outcomes were uniformly dismal. The
AIDS epidemic has evolved continuously
since the early years, and these changes
are reflected in the care of patients with
human immunodeficiency virus (HIV) in-
fection in the ICU. AIDS was initially con-
sidered to afflict mainly gay men, but
now in the United States, HIV is trans-

mitted predominantly through injection
drug use and heterosexual contact, espe-
cially among racial and ethnic minority
populations.

The AIDS epidemic grew to be an in-
ternational catastrophe, with �20 mil-
lion deaths worldwide by the end of 2004,
and three million deaths in 2004 alone
(2, 3). The outlook for HIV-infected per-
sons has improved immensely in coun-
tries where there is ready access to treat-
ment with combinations of antiretroviral
agents (previously known as highly active
antiretroviral therapy, or HAART) (4).
Since the use of these drugs became the
standard of care in 1996, U.S. mortality
rates due to AIDS declined from an an-
nual high of around 45,000 per year to
the current plateau of around 18,000
(2, 5). In the last 10 yrs, our perception of
HIV infection and AIDS has changed from
an almost uniformly fatal disease into a
manageable chronic illness (5, 6). Never-
theless, in many urban communities and
in underdeveloped nations, AIDS-related
illnesses are still among the leading
causes of death among young adults.

It still is not known if the benefits of
HAART in reducing HIV-associated mor-
bidity and mortality are reflected in re-
duced ICU admission rates, different diag-
noses, or better outcomes for HIV-infected

persons who develop life-threatening ill-
ness. Before the use of HAART, respiratory
failure was the most common reason for
ICU care, and it was usually due to PCP (7).
Many people with HIV infection are treated
in ICUs for HIV-associated disorders other
than PCP and for critical illness unrelated
to HIV infection, including gastrointestinal
hemorrhage, cardiovascular disease, sepsis,
trauma, drug overdose, and disorders of the
central nervous system. A few studies indi-
cate that in the era of HAART, ICU admis-
sions for PCP have declined, and overall
outcomes seem to be improved. Patients
may also become critically ill from the toxic
effects of antiretroviral medications and
from an accelerated inflammatory response
related to immune reconstitution accom-
panying the use of HAART.

Reasons for ICU Admission

The literature on the frequency and
reasons for ICU admission in patients
with HIV infection must be interpreted
with the understanding that with rare
exception, each study reviews the experi-
ence of a single center and reflects local
ICU admission criteria and practice pat-
terns. Care of patients with HIV infection
and with critical illness in general may
vary widely, so the conclusions of these
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Objective: To describe critical illnesses that occur commonly in
patients with human immunodeficiency virus (HIV) infection.

Methods: We reviewed and summarized the literature on crit-
ical illness in HIV infection using a computerized MEDLINE search.
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from an almost uniformly fatal disease into a manageable chronic
illness. Even patients with advanced immunosuppression may
have prolonged survival, although usually with exacerbations and
remissions, complicated by therapy-related toxicity and medical
and psychiatric co-morbidity. The prevalence of opportunistic
infections and the mortality have decreased considerably since
early in the epidemic. The most common reason for intensive care
unit admission in patients with AIDS is respiratory failure, but

they are less likely to be admitted for Pneumocystis pneumonia
and other HIV-associated opportunistic infections. HIV-infected
persons are more likely to receive intensive care unit care for
complications of end-stage liver disease and sepsis. Hepatitis C
has emerged as a common cause of morbidity and mortality in
patients with HIV infection. In addition, some develop life-threat-
ening complications from antiretroviral drug toxicity and the
immune reconstitution inflammatory syndrome. (Crit Care Med
2006; 34[Suppl.]:S245–S250)
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reports cannot be generalized (8). The
decision on whether to admit HIV-
infected patients to the ICU or withhold
such treatment varies by hospital charac-
teristics (county/state, Veterans Affairs
Medical Centers, church-affiliated, volun-
tary, and for-profit) and geographic loca-
tion, and these differences are main-
tained after controlling for severity of
illness and patient demographic and so-
cioeconomic characteristics. Thus, data
on diseases and outcomes from one cen-
ter cannot be applied reliably to others.
Endemic fungi and other pathogens in-
fluence ICU admission rates for different
diseases; this may be important in the
United States, where the epidemic has
shifted from the east and west coasts to
the southern states (2).

Before the use of HAART in the United
States and Europe, an estimated 5–10%
of hospitalizations of patients with HIV
infection involved an ICU admission;
most patients were admitted for respira-
tory failure, and PCP was the most com-
mon diagnosis (9, 10) (Table 1). PCP was

consistently the most common cause of
respiratory failure, but it seems that ICU
admissions for PCP have declined in re-
cent years (11, 12). The few published
studies of intensive care in the era of
HAART suggest that overall ICU utiliza-
tion by HIV-positive persons has not de-
clined and that respiratory failure is still
the most common reason for admission.
However, patients are less likely to be
admitted for PCP and other HIV-associ-
ated opportunistic infections. Rather, pa-
tients are now more likely to have life-
threatening sepsis, neurologic disorders,
and complications of end-stage liver dis-
ease (13–15). HIV-infected patients are
more likely to be admitted to the ICU
with problems unrelated to HIV infection
or with conditions related to antiretrovi-
ral therapy (16).

Pneumocystis Pneumonia

Pneumonia caused by Pneumocystis
jiroveci (formerly classified Pneumocys-
tis carinii) has always been a major cause
of illness and death in patients with HIV
infection. Once thought to be a parasite,
genomic analysis revealed that P. jiroveci
is in fact a fungus that infects only hu-
mans, whereas P. carinii is pathogenic
only in immunodeficient rats. Despite the
change in taxonomy of this pathogen, the
term PCP is still acceptable shorthand for
Pneumocystis pneumonia.

Although immune restoration from
HAART and effective specific chemopro-
phylaxis for PCP have existed for years,
this infection still occurs for several rea-
sons: many patients do not know that
they have HIV infection until they de-
velop an opportunistic infection, others
know that they have HIV but are not
receiving medical care, and some are in
care and are not prescribed prophylaxis
or HAART (17). Adherence to complex
regimens with intolerable side effects is
often problematic, and the development
of resistant strains of HIV is common.
Some patients take prophylaxis for PCP
but are still so profoundly immunocom-
promised that it is ineffective (18). Nev-
ertheless, the prevalence of PCP has de-
clined in the era of HAART and is
reflected in the reduced rates of ICU ad-
mission for this infection (19).

The diagnosis of PCP is established by
identification of the organism in speci-
mens obtained from the respiratory tract,
either in sputum induced by inhalation of
hypertonic saline or by bronchoscopy
(20). Although establishing a diagnosis is

not difficult, many clinicians treat pa-
tients with suspected PCP empirically, re-
serving bronchoscopy for patients who
do not respond to treatment. Decision-
analysis modeling of these two strategies
suggests that the outcomes are similar,
but there has not been a clinical trial that
evaluated whether initial empirical ther-
apy or a more aggressive diagnostic strat-
egy is preferable (21).

Trimethoprim-sulfamethoxazole is the
preferred treatment for PCP in patients
who have not had an adverse reaction to
this drug (22). Patients with severe PCP
who do not respond or who are intolerant
of this medication are usually given pen-
tamidine, but this drug is associated with
adverse reactions that are more serious
than those associated with trimethoprim-
sulfamethoxazole. Trimetrexate-leucovorin
is not as effective as trimethoprim-sulfame-
thoxazole but is better tolerated than pen-
tamidine (23). Whether it should replace
pentamidine as a second-line treatment of
moderate to severe PCP is unknown, as
comparative trials of these two drugs have
not been performed.

When treatment of PCP is delayed or
ineffective, patients may develop hypox-
emic respiratory failure. The clinical and
radiographic features of severe PCP re-
semble the acute respiratory distress syn-
drome, with hypoxemia, intrapulmonary
shunting, reduced pulmonary compli-
ance, and diffuse radiographic opacities
(Table 2) (24). As the disease progresses
and pulmonary compliance diminishes,
pneumothorax is common, and is associ-
ated with a particularly poor prognosis
(Fig. 1) (25, 26). Just as severe PCP re-
sembles acute respiratory distress syn-
drome clinically, the supportive treat-
ment is similar, including intubation,
mechanical ventilation, and application
of positive end-expiratory pressure.

Animal models of PCP indicated that
the clinical severity of infection corre-
lates more closely with markers of in-
flammation than with the burden of or-
ganisms, suggesting that the immune
response and its attendant inflammation
account for the clinical manifestations of
pneumonia (27). Respiratory compro-
mise is associated with the presence of
activated CD8� cells and neutrophils in
the lung, and corticosteroids are thought
to lessen these effects, but the mecha-
nism of action is unclear. In patients,
adjunctive corticosteroid therapy given at
the start of anti-Pneumocystis treatment
reduces the likelihood of respiratory fail-
ure, deterioration of oxygenation, and

Table 1. Human immunodeficiency virus–
associated respiratory disorders

Bacterial pneumonia
Streptococcus pneumoniae
Haemophilus influenzae
Pseudomonas aeruginosa
Staphylococcus aureus
Moraxella catarrhalis
Rhodococcus equi
Mycobacterium tuberculosis
Nontuberculous mycobacteria

Fungal infections
Pneumocystis jiroveci
Cryptococcus neoformans
Histoplasma capsulatum
Aspergillus fumigatus
Coccidioides immitis
Blastomyces dermatitidis

Protozoal infections
Strongyloides stercoralis
Toxoplasma gondii

Viral infections
Cytomegalovirus
Adenovirus
Herpes simplex

Malignancies
Kaposi’s sarcoma
Lymphoma (Hodgkins and non-Hodgkins)
Carcinoma of the lung

Other disorders
Sinusitis
Bronchitis
Bronchiectasis
Emphysema
Lymphocytic interstitial pneumonitis
Nonspecific interstitial pneumonitis
Bronchiolitis obliterans organizing

pneumonia
Pulmonary hypertension
Immune reconstitution syndromes
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death in patients with moderate to severe
pneumonia (28). Gas exchange typically
deteriorates during the first few days of
anti-Pneumocystis therapy when cortico-
steroids are not given; corticosteroids
may attenuate lung injury caused by the
inflammatory response to killed organ-
isms, allowing the patient to survive to
receive more antimicrobial therapy (29).
Patients likely to benefit have a PaO2 of
�70 mm Hg or an arterial–alveolar oxy-
gen difference of �35 mm Hg. There is
no benefit associated with corticoste-
roids in patients with less severe abnor-
malities in gas exchange at the start of
therapy or in whom corticosteroids were
administered for �72 hrs after anti-
Pneumocystis treatment was begun.

Some patients with PCP are admitted
to ICUs but do not receive mechanical
ventilation. The reasons for admission
may include performance or complica-
tions of bronchoscopy, application of
continuous positive airway pressure by
mask, or for observation that cannot be

achieved with routine floor care. These
patients would be expected to have a bet-
ter outcome than those who have more
severe respiratory impairment, and pub-
lished studies confirm that they do (30).

To counsel patients or their surro-
gates on whether to forgo or discontinue
mechanical ventilation, it would be help-
ful to define predictors of “futility,” for
which the survival rate is close to zero.
There are no reliable predictors of futile
treatment for PCP. A multiple-center
trial of corticosteroids for PCP showed
that survival after 2 wks of mechanical
ventilation was unprecedented, but the
cohort only consisted of 22 of 251 pa-
tients with PCP who received mechanical
ventilation, of whom 11 survived (31).
This number is too small to support the
conclusion that ventilatory support for
�2 wks is futile, and other centers have
contradictory experience (32).

Before the availability of HAART, pa-
tients who survived mechanical ventilatory
support for PCP rarely lived for �1 yr. With
the use of HAART, the prospects for long-
term survival are considerably more hope-
ful, especially if the patient has not yet
received antiretroviral therapy (33). There-
fore, although the likelihood of surviving
an episode of respiratory failure due to PCP
may warrant pessimism, the prospect of
long-term survival with HAART should be
considered in counseling patients and their
surrogates on the desirability of starting or
continuing mechanical ventilatory support.
These decisions must always take the pa-
tient’s preferences and premorbid condi-
tion into account.

Co-infection with Hepatitis C
and HIV

Simultaneous infection with HIV and
hepatitis C virus (HCV) has had a major

effect on mortality in recent years, with
HCV-related deaths becoming more com-
mon after improved HIV treatment with
HAART (34–36). An estimated 15–30% of
patients with HIV are co-infected with
HCV, and the prevalence of HCV is up to
93% in injection drug users (37). HIV-
infected persons tend to have more severe
liver disease and liver-associated mortal-
ity than HCV-infected persons without
HIV disease. Death rates from HCV in-
creased after the introduction of HAART,
and the prevalence of HCV-associated cir-
rhosis is four times higher in patients
with HIV infection compared with HIV-
seronegative persons (38–40). It seems
that impaired cellular immunity from
HIV infection leads to accelerated HCV
reproduction, with an eight-fold increase
in HCV replication in HIV-infected per-
sons compared with HIV-seronegative
persons. Conversely, HCV also accelerates
the progression of HIV disease (41). Man-
agement of co-infection with HIV and
HCV should include agents active against
both viruses, but the timing and optimal
combinations present problems related to
pharmacodynamics and toxicity.

Immune Reconstitution
Syndromes

When HAART inhibits viral replica-
tion, there is a corresponding increase in
the population of memory and naïve T
cells, enhancement of lymphoprolifera-
tive responses, increased interleukin-2
receptor expression, and reduced produc-
tion of some plasma cytokines (42). These
proinflammatory effects underlie newly
recognized syndromes associated with
immunologic reconstitution, some in-
volving the lung. These disorders are
grouped as the immune reconstitution
inflammatory syndrome, or IRIS. Diag-
nostic criteria for IRIS include the diag-
nosis of AIDS, treatment with anti-HIV
medications, symptoms consistent with
an infectious or inflammatory condition
that occurred while receiving antiretrovi-
ral therapy, and symptoms that cannot be
explained by a newly acquired infection
or by the expected clinical course of the
disease or side effects of therapy.

In the lung, some patients develop a
granulomatous disorder that resembles
sarcoidosis, whereas others with latent or
active mycobacterial infection may de-
velop fever, lymphadenopathy, and opac-
ities on the chest radiograph 2–8 wks
after starting treatment with HAART (43,
44). IRIS may not be associated with an

Figure 1. Selected computerized tomographic
image of a patient with severe Pneumocystis
pneumonia. This patient has significant cystic
changes and areas of dense pulmonary consoli-
dation. Note the pneumothorax and chest tube in
the right lung.

Table 2. Human immunodeficiency virus infec-
tion: Chest radiographic patterns and common
pathogeneses

Focal infiltrates
Bacteria
Mycobacterium tuberculosis
Pneumocystis jiroveci (uncommon)

Diffuse opacities
P. jiroveci
M. tuberculosis
Kaposi’s sarcoma
Bacteria
Disseminated fungal infection
Cytomegalovirus

Diffuse nodules
Kaposi’s sarcoma (large nodules)
M. tuberculosis (miliary nodules)
P. jiroveci
Fungi (small nodules)

Pneumothorax
P. jiroveci

Mediastinal lymphadenopathy
M. tuberculosis
Nontuberculous mycobacteria
Kaposi’s sarcoma
Lymphoma
Fungi

Pleural effusion
Bacterial (parapneumonic or empyema)
M. tuberculosis
Kaposi’s sarcoma
Lymphoma
Fungi
Cardiomyopathy
Hypoproteinemia

Cavitation
M. tuberculosis (high CD4�)
Pneumocystis carinii (low CD4�)
Pseudomonas aeruginosa (low CD4�)
Rhodococcus equi
Fungi
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increase in circulating T-lymphocytes be-
cause these cells are compartmentalized
to areas of active inflammation; neverthe-
less, the syndrome should be considered
in any patient who has been recently
started HAART, with worsening symp-
toms. IRIS may be severe enough to
cause respiratory failure. In one series,
three patients developed worsening respi-
ratory failure after HAART was intro-
duced during treatment for PCP (45).
These patients had severe PCP and devel-
oped acute respiratory failure 7–17 days
after starting HAART (1–16 days after be-
ing diagnosed with PCP). Bronchoalveo-
lar lavage and lung biopsy specimens
showed severe immune and inflamma-
tory reactions. The patients all improved
after discontinuation of HAART, reintro-
duction of corticosteroids, or both. IRIS
has also been described after or during
infection with Mycobacterium avium
complex, cryptococcosis, cytomegalovi-
rus, herpes zoster, hepatitis B and C vi-
ruses, and the agent that causes progres-
sive multifocal leukoencephalopathy.

Toxic Effects of HAART

The protease inhibitors and nucleo-
side analog reverse transcriptase inhibi-
tors used in HAART may carry the risk of
life-threatening toxicities that prompt ad-
mission to the ICU. Protease inhibitors
may cause pancreatitis, which may be
severe. In a retrospective study of 73 HIV-
infected patients with pancreatitis, 46%
of cases were attributed to drug toxicity
(46). Protease inhibitors also cause a syn-
drome of lipodystrophy, insulin resis-
tance, and hyperlipidemia (47). It is un-
known if this syndrome will eventually
lead to excess mortality from complica-
tions of atherosclerosis, and treatment
with lipid-lowering agents is problematic
because of interactions with protease in-
hibitors (48).

Nucleoside reverse transcriptase in-
hibitors may cause lactic acidosis by dis-
rupting mitochondrial DNA replication
by selective inhibition of DNA polymer-
ase-�. This in turn may cause hepatic
steatosis, lactic acidosis, or mitochon-
drial myopathy (49, 50). Lactic acidosis is
the consequence of increased anaerobic
glycolysis by damaged mitochondria,
coupled with decreased lactate clearance
by the fatty liver. Mild hyperlactemia oc-
curs commonly in patients receiving nu-
cleoside analog reverse transcriptase in-
hibitors and is not clinically important,
but severe lactic acidosis occurs at a rate

of 1.3 cases per 1,000 person years of
nucleoside exposure and may be life
threatening (51–53). The initial symp-
toms are nausea, profuse vomiting, and
abdominal pain followed by hyperventila-
tion, liver failure, and finally, arrhyth-
mias. Because patients may also develop
severe lactic acidosis due to sepsis, em-
pirical antibiotics are administered pend-
ing the results of a bacteriologic evalua-
tion. If severe hyperlactemia or lactic
acidosis is found, then the nucleoside an-
alog reverse transcriptase inhibitor should
be stopped immediately, and standard
supportive care should be given. Case re-
ports suggest that this disorder may im-
prove with riboflavin, L-carnitine, and co-
enzyme Q (54, 55).

Abacavir is a nucleoside analog that is
used in HAART regimens. It is highly
potent, with good bioavailability and cen-
tral nervous system penetration. How-
ever, it is also associated with hypersen-
sitivity reactions within a few weeks of
treatment in around 3% of patients, and
rechallenge often leads to life-threaten-
ing anaphylaxis (56, 57). The initial hy-
persensitivity reaction is characterized by
fever, chills, nausea, diarrhea, and rash. The
rash is not always present, sometimes mis-
leading the clinician into diagnosing an in-
fection. However, the anaphylactic reaction
to rechallenge is diagnostic, with cardiovas-
cular collapse and high fever. The treat-
ment is supportive, and death is common
despite these measures.

Management of Prophylaxis and
HAART in Critically Ill Patients

If an HIV-infected patient develops a
critical illness, prophylaxis against oppor-
tunistic pathogens like P. carinii should
be started or continued unless it is oth-
erwise indicated. However, the decision
to start HAART during or shortly after a
critical illness or a severe infection is prob-
lematic. Proponents of early institution of
HAART, even in critically ill patients,
hold that prompt and effective treatment
of underlying HIV infection is the most
important determinant of long-term sur-
vival and that an improved immune sys-
tem would facilitate the resolution of an
active infection that prompted the ICU
admission in the first place. However,
these drugs are often difficult to admin-
ister to critically ill patients. Only zidovu-
dine is available in an intravenous prep-
aration; others must be taken on
schedules that take into account normal
meals.

All of the antiretrovirals may have sig-
nificant interactions with other medica-
tions that may be used to treat the critical
illness, and drugs may impose new toxic-
ities in patients not well enough to with-
stand them. In addition, immune recon-
stitution after antiretroviral therapy may
lead to a new life-threatening accelerated
inflammatory response to active or re-
solving infection, as in the cases of respi-
ratory failure after institution of HAART
in patients recovering from PCP. Clearly,
more studies must be performed to de-
termine the optimal timing of HAART in
patients with or recovering from serious
illness. For these reasons, most clinicians
defer starting HAART until the acute ill-
ness has resolved or improved signifi-
cantly. Patients already receiving HAART
should continue to receive these drugs
whenever possible, as discontinuing ther-
apy is associated with viral replication
and the emergence of resistance. In these
cases, the critical care clinician is well
advised to manage these patients in close
collaboration with an expert in antiretro-
viral treatment.

Predictors of Outcome

Overall, it seems that critically ill pa-
tients with HIV infection have similar
short-term outcomes as other patients with
a comparable severity of illness (58–60).
However, outcome studies in patients
with HIV infection are limited by a selec-
tion bias, as they were retrospective anal-
yses in which the admitting physicians
knew the patients’ serostatus. A study
performed in a South African surgical
ICU was conducted in which all patients
who were admitted were tested for HIV
infection without their consent. Neither
the clinicians nor the patients learned the
results of the HIV test unless a staff mem-
ber obtained a needle-stick injury or a
patient required hemodialysis (59). At
discharge, the patients were informed
that they were tested and given the op-
tion of learning the test results. Posttest
counseling was offered when the test re-
sults were disclosed. A total of 52 of the
402 patients (12%) admitted to the ICU
had HIV infection; none had Centers for
Disease Control–defined AIDS. None of
these patients were admitted for an HIV-
related disorder, and there were no dif-
ferences in ICU or hospital mortality or
stay when the results were adjusted for
age, despite a higher prevalence of sepsis
and organ failure in the HIV-infected pa-
tients. It is also of interest that only three
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of the 402 patients tested wanted to know
the results of their HIV test and that no
patients objected to being included in the
study without their consent. Despite the
methodologic and ethical issues this
study raises (and that the authors ac-
knowledge), it supports the concept that
HIV-infected persons have similar out-
comes of intensive care as uninfected pa-
tients and that decisions regarding the
appropriateness of ICU interventions
should not use HIV status alone as a
criterion.

Studies examining the value of laboratory
tests and scoring systems in predicting ICU
outcomes, including lactic dehydrogenase,
serum albumin, CD4� lymphocyte count,
Acute Physiology and Chronic Health Evalu-
ation II score, and multiple-system organ fail-
ure scores yield conflicting data on their re-
liability. No measurement is sufficiently
predictive to make firm conclusions on
whether intensive care will be effective for an
individual patient (26, 61). It is clear that
patients with HIV/AIDS do not have a worse
short-term outcome than other patients with
a similar severity of illness. Long-term sur-
vival is related to the severity of the HIV
disease, other co-morbid illness, and whether
the patient has been treated with HAART.
Because the outcome of intensive care does
not depend directly on the patient’s HIV sta-
tus, serostatus and CD4� lymphocyte counts
should not be overriding considerations in
deciding whether to offer or withhold inten-
sive care. Rather, these decisions should be
made using the same criteria as for all pa-
tients, namely, the likelihood of benefit and
the patient’s wishes. In addition to the pa-
tient’s illness, the experience of the hospital
and healthcare providers in treating HIV in-
fection and its complications also influences
mortality. In one large study, adjusted mor-
tality for patients with AIDS was 30% lower
among hospitals with the most experience
treating these patients (62). Overall, the out-
comes for patients with HIV infection admit-
ted to the ICU who do not have respiratory
failure is better than for those who do (10, 12,
13, 63, 64).

Summary

The prevalence of AIDS-related opportu-
nistic infections and the mortality from
AIDS has decreased considerably since the
pre-HAART era. ICU admissions are still
most commonly for respiratory failure but
are less likely to be for PCP. HIV-infected
patients are more likely to be admitted to
the ICU for complications secondary to
end-stage liver disease, neurologic disor-

ders, and sepsis than for HIV-associated op-
portunistic infections. There is a very high
prevalence of co-infection of HIV with hep-
atitis C, and as a result, liver disease has
emerged as a common cause of morbidity
and mortality in patients with HIV. Other
important reasons for ICU admission in pa-
tients who are HIV infected are complica-
tions related to the toxic effects of HAART
and from IRIS.

The evolution of the AIDS epidemic
and the introduction of effective antiret-
roviral therapy imposes many new ques-
tions about the types of life-threatening
disorders that patients with HIV infection
develop, their outcomes, and the best
ways for us to counsel and treat our pa-
tients. A multidisciplinary, multiple-
center study of critical care of patients
with HIV infection would yield valuable
insights. Until the important clinical
questions are answered, the critical care
clinician should work closely not only
with the ICU multidisciplinary team but
also with colleagues with backgrounds in
infectious diseases, pharmacology, and
palliative care.

REFERENCES

1. Centers for Disease Control: Pneumocystis
pneumonia: Los Angeles. MMWR 1981; 30:
305–308

2. HIV/AIDS Surveillance Report, 2003 (Vol.
15). Atlanta, US Department of Health and
Human Services, Centers for Disease Control
and Prevention, 2004, pp 1–46. Available at:
http://www.cdc.gov/hiv/stats/hasrlink.htm

3. 2004 Report on the Global AIDS Epidemic:
Executive Summary. Available at: http://www.
unaids.org/bangkok2004/GAR2004_html/
ExecSummary_en/ExecSumm_00_en.htm

4. Panel on Clinical Practices for Treatment of
HIV Infection: Guidelines for the Use of Anti-
retroviral Agents in HIV-1-infected Adults and
Adolescents, 2005. Available at: http://aidsinfo.
nih.gov/guidelines/adult/AA_040705.pdf

5. Palella FJ, Delaney KM, Moorman AC, et al:
Declining morbidity and mortality among
patients with advanced human immunodefi-
ciency virus infection. N Engl J Med 1998;
338:853–860

6. Selwyn P, Forstein M: Overcoming the false
dichotomy of curative vs. palliative care for
late-stage AIDS: “Let me live the way I want to
live, until I can’t.” JAMA 2003; 290:806–814

7. Rosen MJ, De Palo VA: Outcome of intensive
care for patients with AIDS. Crit Care Clin
North Am 1993; 9:107–114

8. Curtis JR, Bennett CL, Horner RE, et al:
Variations in intensive care unit utilization
for patients with human immunodeficiency
virus-related Pneumocystis carinii pneumo-
nia: Importance of hospital characteristics

and geographic location. Crit Care Med 1998;
26:668–675

9. Rosen MJ, Clayton K, Schneider RF, et al:
Intensive care of patients with HIV infection:
Utilization, critical illnesses and outcomes.
Am J Respir Crit Care Med 1997; 155:67–71

10. Afessa B, Green B: Clinical course, prognos-
tic factors, and outcome prediction for HIV
patients in the ICU. Chest 2000; 118:
138–145

11. Narasimhan M, Posner AJ, DePalo VA, et al:
Intensive care of patients with HIV infection
in the era of highly active antiretroviral ther-
apy. Chest 2004; 125:1800–1804

12. Morris A, Creasman J, Turner J, et al: Inten-
sive care of human immunodeficiency-virus
infected patients during the era of highly
active antiretroviral therapy. Am J Respir
Crit Care Med 2002; 166:262–267

13. Rosenberg AL, Seneff MG, Atiyeh L, et al: The
importance of bacterial sepsis in intensive
care unit patients with acquired immunode-
ficiency syndrome: Implications for future
care in the age of increasing antiretroviral
resistance. Crit Care Med 2001; 29:548–556

14. Alves C, Nicolas JM, Miro JM, et al: Reap-
praisal of the aetiology and prognostic fac-
tors of severe acute respiratory failure in HIV
patients. Eur Respir J 2001; 17:87–93

15. Gebo KA, Diener-West M, Moore RD: Hospi-
talization rates in an urban cohort after the
introduction of highly active antiretroviral
therapy. J Acquir Immune Defic Syndr 2001;
27:143–152

16. Morris A, Masur H, Huang L: Current issues
in critical care of the human immunodefi-
ciency virus-infected patient. Crit Care Med
2006; 34:239–240

17. Kaplan JE, Hanson D, Dworkin MS, et al:
Epidemiology of human immunodeficiency
virus-associated infectious in the United
States in the era of highly active antiretrovi-
ral therapy. Clin Infect Dis 2000; 30(Suppl
1):S5–S14

18. Saah AJ, Hoover DR, Peng Y, et al: Predictors
for failure of Pneumocystis carinii pneumo-
nia prophylaxis: Multicenter AIDS Cohort
Study. JAMA 1995; 273:1197–1202

19. Wolff A, O’Donnell A: Pulmonary manifesta-
tions of HIV infection in the era of highly
active antiretroviral therapy. Chest 2001;
120:1888–1893

20. Pulmonary Complications of HIV Infection
Study Group: Design of a prospective study
of the pulmonary complications of human
immunodeficiency virus infection. J Clin
Epidemiol 1993; 46:497–507

21. Tu JV, Biem HJ, Detsky AS: Bronchoscopy
versus empirical therapy in HIV-infected pa-
tients with presumptive Pneumocystis cari-
nii pneumonia. Am Rev Respir Dis 1993;
148:370–377

22. Masur H: Prevention and treatment of Pneu-
mocystis pneumonia. N Engl J Med 1992;
327:1853–1860

23. Sattler FR, Frame P, Davis R, et al: Trimetrex-
ate with leucovorin versus trimethoprim-
sulfamethoxazole for moderate to severe epi-

S249Crit Care Med 2006 Vol. 34, No. 9 (Suppl.)



sodes of Pneumocystis carinii pneumonia in
patients with AIDS: A prospective, controlled
multicenter investigation of the AIDS Clinical
Trials Group Protocol 029/031. J Infect Dis
1994; 170:165–172

24. Maxfield RA, Sorkin B, Fazzini EP, et al:
Respiratory failure in patients with acquired
immunodeficiency syndrome and Pneumo-
cystis carinii pneumonia. Crit Care Med
1986; 14:443–449

25. Afessa B: Pleural effusion and pneumothorax
in hospitalized patients with HIV infection.
Chest 2000; 117:1031–1037

26. Wachter RM, Luce JM, Safrin S, et al: Cost
and outcome of intensive care for patients
with AIDS, Pneumocystis carinii pneumonia,
and severe respiratory failure. JAMA 1995;
273:230–235

27. Beck JM, Rosen MJ, Peavy HH: Pulmonary
complications of HIV infection: Report of the
Fourth NHLBI Workshop. Am J Respir Crit
Care Med 2001; 164:2120–2126

28. The National Institutes of Health-University
of California Expert Panel for Corticosteroids
as Adjunctive Therapy for Pneumocystis
Pneumonia: Consensus statement on the use
of corticosteroids as adjunctive therapy for
Pneumocystis pneumonia in the acquired
immunodeficiency syndrome. N Engl J Med
1990; 323:1500–1504

29. Montaner JSG, Lawson LM, Levitt N, et al:
Corticosteroids prevent early deterioration in
patients with moderately severe Pneumocys-
tis carinii pneumonia and the acquired im-
munodeficiency syndrome (AIDS). Ann In-
tern Med 1990; 133:14–20

30. Bedos JP, Dumoulin JL, Gachot B, et al:
Pneumocystis carinii pneumonia requiring
intensive care management: Survival and
prognostic study in 110 patients with human
immunodeficiency virus. Crit Care Med
1999; 27:1109–1115

31. Bozzette SA, Feigal D, Chiu J, et al: Length of
stay and survival after intensive care for severe
Pneumocystis carinii pneumonia: A prospec-
tive study. Chest 1992; 101:1404–1407

32. Curtis JR, Yarnold PR, Schwartz DN, et al:
Improvements in outcomes of acute respira-
tory failure for patients with human immu-
nodeficiency virus-related Pneumocystis ca-
rinii pneumonia. Am J Respir Crit Care Med
2000; 162:393–398

33. Franklin C, Friedman Y, Wong T, et al: Im-
proving long-term prognosis for survivors of
mechanical ventilation in patients with AIDS
with PCP and acute respiratory failure. Arch
Intern Med 1995; 155:91–95

34. Bica I, McGovern B, Dhar R, et al: Increasing
mortality due to end-stage liver disease in pa-
tients with human immunodeficiency virus in-
fection. Clin Infect Dis 2001; 32:492–497

35. Monga HK, Rodriguez-Barradas MC, Breaux
K, et al: Hepatitis-C virus infection-related
morbidity and mortality among patients with
human immunodeficiency virus infection.
Clin Infect Dis 2001; 33:240–247

36. Sulkowski MS, Thomas D: Hepatitis C in the

HIV-infected persons. Ann Intern Med 2003;
138:197–207

37. Sherman KE, Rouster SD, Chung RT, et al:
Hepatitis C virus prevalence among patients
coinfected with human immunodeficiency
virus: A cross-sectional analysis of the U.S.
Adult AIDS Clinical Trials Group. Clin Infect
Des 2002; 34:831–837

38. Sansone GR, Ferndale JD: Impact of combi-
nation ART on causes of death in persons
with late-stage AIDS. J Urban Health 2000;
77:166–170

39. Greub G, Lederberer B, Bartegay M, et al:
Clinical Progression, survival and immune
recovery during antiretroviral therapy in pa-
tients with HIV-1 and hepatitis C virus coin-
fection: The Swiss HIV Cohort Study. Lancet
2000; 356:1800–1805

40. Dodig M, Tavill A: Hepatitis C and human
immunodeficiency virus coinfections. J Clin
Gastroenterol 2001; 33:367–374

41. Sulkowski MS, Moore RD, Mehta S, et al:
Hepatitis C and progression of HIV disease.
JAMA 2002; 288:199–206

42. Autran B, Carcelain G, Li TS, et al: Positive
effects of combined antiretroviral therapy on
CD4� T cell homeostasis and function in ad-
vanced HIV disease. Science 1997; 277:112–116

43. Naccache JM, Antoine M, Wislez M, et al:
Sarcoid-like pulmonary disorder in human
immunodeficiency virus-infected patients re-
ceiving antiretroviral therapy. Am J Respir
Crit Care Med 1999; 159:2009–2013

44. Narita M, Ashkin D, Hollender ES, et al:
Paradoxical worsening of tuberculosis fol-
lowing antiretroviral therapy in patients with
AIDS. Am J Respir Crit Care Med 1998; 158:
157–161

45. Wislez M, Bergot E, Antoine M, et al: Acute
respiratory failure following HAART intro-
duction in patients treated for Pneumocystis
carinii pneumonia. Am J Respir Crit Care
Med 2001; 164:847–851

46. Gan I, May G, Raboud J, et al: Pancreatitis in
HIV infection: Predictors of severity. Am J
Gastroenterol 2003; 98:1278–1283

47. Carr A, Samaras K, Burton S, et al: A syn-
drome of lipodystrophy, hyperlipidemia and
insulin resistance in patients receiving HIV
protease HIV protease inhibitors. AIDS 1998;
12:F51–F58

48. Dube MP, Specher D, Henry WK, et al: Pre-
liminary guidelines for the evaluation and
management of dyslipidemia in adults in-
fected with human immunodeficiency virus
and receiving antiretroviral therapy: Recom-
mendations of the adult AIDS clinical trial
group cardiovascular disease focus group.
Clin Infect Dis 2000; 31:1216–1224

49. Miller KD, Cameron M, Wood LV, et al: Lac-
tic acidosis and hepatic steatosis associated
with use of stavudine: Report of four cases.
Ann Intern Med 2000; 133:192–196

50. Charton-Bain MC, Flamant M, Aubertin JM, et
al: Lactic acidosis and hepatic mitochondrial
changes during a treatment with zidovudine.
Gastroenterol Clin Biol 1997; 21:979–981

51. Lonergan JT, Behling C, Pfander H, et al:
Hyperlactemia and hepatic abnormalities in
10 human immunodeficiency virus-infected
patients receiving nucleoside analogue com-
bination regimens. Clin Infect Dis 2000; 31:
162–166

52. Fortgang IS, Belitsos PC, Chaisson RE, et al:
Hepatomegaly and steatosis in HIV-infected
patients receiving nucleoside analog antiret-
roviral therapy. Am J Gastroenterol 1995;
90:1433–1436

53. Sundar K, Suarez M, Banogon P, et al:
Zidovudine-induced fatal lactic acidosis and
hepatic failure in patients with acquired im-
munodeficiency syndrome: Report of two pa-
tients and review of the literature. Crit Care
Med 1997; 25:1425–1430

54. Brinkman K, ter Hofstede H, Burgur DM, et
al: Adverse effects of reverse transcriptase
inhibitors: Mitochondrial toxicity as com-
mon pathway. AIDS 1998; 12:1735–1744

55. Fouty B, Frerman F, Reves R: Riboflavin to
treat nucleoside analogue-induced lactic ac-
idosis. Lancet 1998; 352:291–292

56. Walensky RP, Goldberg JH, Daily JP: Anaphy-
laxis after rechallenge with abacavir. AIDS
1999; 13:999

57. Escaut L, Liotier JY, Albengres E, et al: Aba-
cavir rechallenge has to be avoided in case of
hypersensitivity reaction. AIDS 1999; 13:1419

58. Casalino E, Mendoza-Sassi G, Wolff M, et al:
Predictors of short-and long-term survival in
HIV-infected patients admitted to the ICU.
Chest 1998; 113:421–429

59. Bhagwanjee S, Muckart DJJ, Jeena PM, et al:
Does HIV status influence the outcome of
patients admitted to a surgical intensive care
unit? A prospective double blind study. BMJ
1997; 314:1077–1084

60. Forrest DM, Djurdjev O, Zala C, et al: Vali-
dation of the multisystem organ failure score
as a predictor of mortality in patients with
AIDS-related Pneumocystis carinii pneumo-
nia and respiratory failure. Chest 1998; 114:
199–206

61. Benson CA, Spear J, Hines D, et al: Combined
APACHE II score and serum lactate dehydro-
genase as predictors of in-hospital mortality
caused by first episode Pneumocystis carinii
pneumonia in patients with acquired immu-
nodeficiency syndrome. Am Rev Respir Dis
1991; 144:319

62. Cunningham W, Tisnado D, Lui HH, et al:
The effect of hospital experience on mortality
among patients hospitalized with acquired
immune deficiency syndrome in California.
Am J Med 1999; 107:137–143

63. De Palo VA, Millstein BH, Mayo PH, et al:
Outcome of intensive care in patients with
HIV infection. Chest 1995; 107:506–510

64. Wachter RM, Luce JM, Turner J, et al: Inten-
sive care of patients with the acquired im-
munodeficiency syndrome: Outcome and
changing patterns of utilization. Am Rev Re-
spir Dis 1986; 91–96

S250 Crit Care Med 2006 Vol. 34, No. 9 (Suppl.)


