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Abstract There is a large body of experimental evidence in
research animals and in vitro models that opioids suppress
the immune system. If this effect occurs in acute human
disease, then patients cared for in Intensive Care Units
(ICUs) would be a particularly vulnerable population. ICU
patients have the most severe forms of acute infection, have
the greatest risk of acquiring new infections in the hospital,
and are exposed to high doses of opioids for long periods of
time. We review the epidemiology of ICU infections and
the pharmacoepidemiology of opioid use in critically ill
patients. We critique the limited human research examining
the relationship between opioids and infection and make
recommendations on designing future clinical studies that
could close the knowledge gap about the true hazards of
opioid use in hospitalized patients.
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Introduction

There is a substantial experimental literature documenting
the immunosuppressive effects of opioids at the receptor
(Beagles et al. 2004; Tegeder and Geisslinger 2004) cell,
(Hatsukari et al. 2006), organ (Wang et al. 2005), and
organism (Asakura et al. 2006) level. Since infection is the
most common consequence of immunosuppression, most
studies have concentrated on one of three infectious
models: (1) the effects of chronic opioid exposure on the
severity or lethality of a new infectious or lipopolysaccha-
ride (LPS) challenge (MacFarlane et al. 2000; Ocasio et al.
2004); (2) the effect of initiating opioid therapy in a
previously infected animal (Chao et al. 1990); or (3) the
course of an infection induced in an animal previously
made tolerant to opioids and then acutely withdrawn during
the infection (Feng et al. 2005). Generally, opioids have
been found to have deleterious effects in all three infectious
paradigms and across a broad range of pathogenic micro-
organisms: invasive intracellular (Asakura et al. 2006),
extracellular (Wang et al. 2005), and enteric bacteria,
(Hilburger et al. 1997), mycobacteria (Olin et al. 2007),
protozoans (Chao et al. 1990), yeasts (Di Francesco et al.
1997), and viruses (Hu et al. 2005). Table 1 summarizes
experimental animal studies that have reported mortality
(Table 1). All of these studies used mice as the experimen-
tal animal and used morphine as the experimental opioid.
The deleterious effects of morphine were least prominent in
the viral infection models. The clinical relevance of the
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multiple studies that reported that a single large morphine
dose after an established infection was fatal compared to
equivalent doses in noninfected animals is unclear. It is well
known that sicker or debilitated patients are more suscep-
tible to adverse effects of opioids that would otherwise be
tolerated by a healthy person. The most consistently lethal
model was that of a relatively brief period of morphine
exposure (1–3 weeks) followed by infectious challenge.
This model would be analogous to ambulatory patients
receiving chronic opioids who then develop a severe
infection or patients already in the Intensive Care Unit
(ICU) who are receiving high doses of opioids and
subsequently contract a hospital-acquired infection. Two
papers studied LPS challenge after opioid treatment.
Because LPS challenge is not an infection but rather a
discrete inflammatory stimulus, it may have limited
relevance to human infection in the ICU.

Numerous mechanisms by which mu-opioid receptor
agonists affect immune cells

Morphine has been demonstrated to modulate immune cell
function, in part, through a cAMP mediated mechanism.
While acute morphine inhibits adenylate cyclase, chronic
morphine and morphine withdrawal results in super
activation of adenylate cyclase with a resultant increase in
intracellular cAMP (Wang et al. 2007). Several animal
studies implicate elevated cAMP with persistent neuro-
inflammation (Ghavami et al. 2006; Reyes-Irisarri et al.
2007) and cAMP-reducing agents display a potent anti-
inflammatory effect in vivo and in vitro studies. Chronic
morphine treatment of murine macrophages shows a
biphasic response in LPS and Streptococcus pneumoniae-
induced proinflammatory cytokine synthesis (Wang et al.
2005). An early inhibitory phase (2–4 h following
infection) is observed followed by a later prolonged proin-
flammatory phase. Chronic morphine treatment significant-
ly and synergistically increase S. pneumoniae induced
TNF-α, IL-6, and MCP-1 through modulation of toll-like
receptor (TLR) signaling. Although initial studies suggested
a simple relationship between different TLRs and exoge-
nous ligands (e.g., TLR4 activated by LPS from gram-
negative bacteria or TLR2 activated by peptidogylcan
(PGN) from gram positive bacteria), it is now apparent
that specific TLRs are activated by numerous exogenous
and endogenous ligands and that the downstream effects of
the TLR activation are modulated by many other mole-
cules. Bonnet et al. showed that the effects of morphine on
the TLR2 signaling pathway depended on the cell type—
TNF and IL-6 production by normal human monocytes
after peptidoglycan stimulation was inhibited by morphine
via a mu-receptor-mechanism, but IL-6 production was not

reduced after PGN stimulation of peripheral blood mono-
nuclear cells and the TNF inhibition that was present did
not involve mu receptors (Bonnet et al. 2008). Morphine,
acting through mu receptors, causes an increase in nitric
oxide production which leads to inhibition of several
functions of human neutrophils (Welters et al. 2000a, b).
Since morphine also causes a similar inhibition of LPS
activation of NF-kB that is NO-release mediated (Welters et
al. 2000a, b), it is apparent that opioid effects on TLRs and
their downstream signaling pathways are complex. We are
not aware of any human studies that have shown that
opioids increase the susceptibility to gram-negative or
gram-positive infections differently. And, opioids affect
more than just the innate pathogen pattern-recognition
pathway of the immune system; for instance, studies
implicate the elevation of cAMP in morphine-induced
Th1/Th2 skewing. While elevation of cAMP following
chronic morphine in mice inhibits Th1 cytokines (Wang et
al. 2003), this same response results in a sustained release
of IL-4 and maintenance of the Th2 phenotype (Roy et al.
2005). Also, morphine exposure in vivo rapidly decreases
the blood leukocyte gene expression and cell surface
display of MHC class II molecules on murine B lympho-
cytes which could decrease B cell capacity to present
antigen to CD4+ T lymphocytes (Beagles et al. 2004).

Finally, although there are numerous opioid pharmaco-
logical compounds that interact with the various opioid and
immune cell surface receptors, most animal models have
studied the opioids used clinically in human medicine:
morphine, hydromorphone (Sacerdote et al. 1997), fentanyl
(Flores et al. 1995; Yardeni et al. 2008), and methadone
(McLachlan et al. 1993).

Considering the body of evidence describing the
problem of opioid-induced immunosuppression that has
accumulated in the last 20 years, clinicians and medical
investigators should be concerned about circumstances or
environments where high rates of opioid use intersect with
high rates of severe infection. That intersection occurs in
the Intensive Care Unit.

Critical illness and intensive care units

Intensive care units are specialized areas within acute care
hospitals where patients who have developed organ failure
are monitored and treated. Typical interventions include
mechanical devices (e.g., ventilators, dialysis machines,
blood, or intracranial pressure monitors); medications (e.g.,
arterial vasoconstrictors, cardiac inotropes, anti-seizure
medications); as well as frequent nursing and medical care.
There are approximately 5,000 acute care hospitals in the
US, and the vast majority has at least a few intensive care
beds. About four million people are admitted annually to an

220 J Neuroimmune Pharmacol (2008) 3:218–229



ICU (55,000 patients are in an ICU in the US today; Angus
et al. 2006) although a substantial proportion are receiving
only postoperative care or monitoring, and their ICU stay is
only a day or two with a correspondingly low mortality or
risk of acquiring a new infection—less than 5%.

ICUs admit a mix of patient types (medical and surgical)
to a single unit or admit only specific patient types such as
trauma, patients with cardiovascular disease such as
myocardial infarction or open heart surgery, neurosciences
(brain surgery, severe strokes, and seizures), or burn injury.
Because respiratory failure and the need for mechanical
ventilation is a major reason for admission to an ICU and
because the incidence of respiratory failure increases 88-
fold from ages 5–17 to 65–74 (Behrendt 2000), adult ICUs
care for a predominantly older population with the mean
age of patients with respiratory failure around 59 years old
(Esteban et al. 2002).

Patients are frequently admitted to an ICU because an
acute severe infection has led to acute organ failure
resulting in arterial hypotension, hypoxemia, coma, or
kidney failure. Even when infection is not the primary
reason for ICU care, organ support often involves breaching
the body’s barriers to invasion by microorganisms. This
reduction in host defenses, exacerbated by the older and
more chronically ill status of many ICU patients and the
presence of resistant organisms in the hospital, increases the
risk that the patient will acquire a serious infection during
their ICU or hospital stay. Therefore, any medication that
worsens the course of an established infection or increases
the risk of acquiring a new infection should be viewed with
concern. Should ICU clinicians be concerned about
opioids?

Epidemiology of infections in the intensive care unit

The type of patients admitted to an ICU strongly influences
the epidemiology of infection within the ICU—either
infections that are the reason for ICU admission, or the
frequency, severity and microbiology of infections acquired
during the ICU stay. Severe acute infections, most of which
are cared for in an ICU, are a major public health problem
with the total number of deaths in the US (215,000 per
year) comparable to the number of deaths due to acute
myocardial infarction (Angus et al. 2001).

Alberti et al. described the epidemiology of infections in
28 ICUs in eight countries (Alberti et al. 2002). This
descriptive epidemiology is important because it highlights
the differences in how humans acquire severe infections
compared to animal models that examine the effects of
opioids on acute or chronic infections. Of 8,353 patients
that stayed more than 1 day in the ICU, 3,564 (43%) had
one of two types of infection: an infection that was already

present at ICU admission (the patient contracted the
infection from outside the hospital (n=1504) or while
already in the hospital in a non-ICU ward (n=1192)); or a
new infection that developed during ICU care in a
previously noninfected patient (n=868). Interestingly,
26.4% of patients already infected at ICU admission went
on to develop a second infection during their ICU stay. Or,
to state the problem in another way, about half of all ICU-
acquired infections develop in patients that were already
infected upon admission to the ICU. This “double infec-
tion” problem has design implications for investigators that
wish to determine the effects of opioids on ICU infections
and mortality. If the objective were to improve the mortality
of patients entering the ICU with an infection, then about
one third of ICU patients staying for >24 h would be
eligible (this proportion would vary widely between ICU
types). But, if the objective were to prevent the acquisition
of infections during ICU care, then two thirds of initially
noninfected patients would be eligible initially. But this
would then exclude patients entering the ICU already
infected and this group accounts for about half of ICU-
acquired infections and have, in aggregate, a higher
mortality (41% compared to 32%) than those entering the
ICU without an infection.

Infections of the lung, gastrointestinal tract, urinary
system, and bloodstream account for 80% of ICU infec-
tions. About a quarter of the infections were classified as
severe sepsis which implies there was at least one organ
failure attributed to the infection and 30% were classified as
septic shock which is the most severe rating implying
cardiovascular failure requiring intravenous vasoconstrictor
medications to maintain arterial blood pressure.

Although crude infection prevalence rates (number of
new or acquired infected patients/number of ICU admis-
sions) of 43% are impressive, incidence-density statistics
are a more accurate method of estimating risk over time in a
study designed to prevent infections. In a review of studies
that reported infection rates in five or more adult or
pediatric ICUs, the incidence density ranged from 10.6
ICU-acquired infections/1,000 ICU days to 20.3/1,000 ICU
days (Eggimann and Pittet 2001). About three quarters of
these new infections were associated with an externally
placed invasive medical device (urinary or venous catheter
or endotracheal tube for mechanical ventilation). This
causal mechanism differs substantially from the experimen-
tal animal inoculation protocols that test the effects of
opioids on survival after infection or endotoxin exposure
(MacFarlane et al. 2000; Ocasio et al. 2004; Wang et al.
2005; Asakura et al. 2006; Feng et al. 2006). Nevertheless,
we can conclude that ICUs care for patients with a high
incidence of severe infections and that a substantial
proportion will develop a new infection, often related to
invasive life support and monitoring devices.

J Neuroimmune Pharmacol (2008) 3:218–229 221221



Opioid use in the ICU

Opioids are widely used in the ICU because they are potent
analgesics, have few clinically apparent adverse effects on
other organ systems (gastrointestinal motility being a
prominent exception), and have reliable pharmacokinetics
in critically ill patients with altered drug metabolism and
elimination. Morphine is the first-line analgesic recommen-
ded by the Society of Critical Care Medicine clinical
practice guideline for mechanically ventilated patients
(Jacobi et al. 2002). But, opioids are used for conditions
other than pain control. That is because opioids are
clinicians’ most reliable medication for relieving dyspnea
and respiratory distress during respiratory failure and
mechanical ventilation (Bruera et al. 1993; Mazzocato et
al. 1999; Ben-Aharon et al. 2008). In addition, because pain
assessment is difficult in patients that cannot talk and who
are often confused or restrained, opioids are recommended
as the first drug to administer when patients are agitated or
restless. This is because of concern that unrecognized pain
may be present and that the other sedative medications that
patient may be receiving (propofol or benzodiazepines)
have no analgesic activity.

Therefore, many patients receive parenteral opioids
during mechanical ventilation. Clinicians administer seda-
tive medications including opioids to ventilated patient for
many reasons (see Table 2; Weinert and Chlan 2001) and
since sedative medications achieve these goals with
differing specificity, multidrug therapy is often used. The
benefits of “co-sedation,” that is, combining medium doses
of two sedatives from different pharmacological classes
(including an opioid) rather than a high dose of a single
sedative (e.g., propofol or a benzodiazepine), has been
demonstrated in clinical trials (Richman et al. 2006), and
this clinical reasoning probably accounts for the widespread
use of opioids even in patients without an apparent need for
potent analgesia.

For instance, in a detailed study of sedative therapy in
274 patients mechanically ventilated for at least 48 h, we
showed that in 18,050 4-h intervals of mechanical
ventilation, at least one of eight medications defined as a
sedative was administered intravenously 85% of the time
(Weinert and Calvin 2007). Propofol and morphine were
the two most commonly administered medications (each
about 35% of the time) with lorazepam, hydromorphone,
and fentanyl in decreasing frequency. In all, opioids were
three of the five most commonly administered sedative
medications and were used in 56% of the time blocks in
which a sedative was given. Two sedatives were given
within the same 4-h interval 31% of the time and three were
used in 6%. Thirty-seven percent of the time, the opioid
was administered as a continuous infusion. The overall
median dose was 0.023 mg/kg/h morphine equivalents

which, based on the mean weight of the study patients, is
equivalent to about 39 mg/day of parenteral morphine.

How do these doses compare to other studies of ICU
patients? For this review, we abstracted data from 43 papers
published from 1992 to 2008 that described the use of
sedatives or analgesics in ICU patients. In 26 studies, the
paper described the drug type, dose, and duration of opioid
use in actual ICU patients. In 17 papers, the authors
reported the proportion of patients receiving an opioid (but
without dose or duration information) or the report
described the general practice of sedation and analgesia in
the ICU through surveys completed by nurse managers or
ICU physicians.

The 43 study designs ranged widely from clinical trials
and cohort studies to retrospective cases series and included
medical, surgical, or trauma ICUs and ranged from single-
center studies to nationwide surveys of hundreds of ICUs.
The paper may have described all ICU patients or only
mechanically ventilated patients or only those with specific
diagnoses such as acute lung injury. The most commonly
used opioids were fentanyl and morphine and, if doses were
reported, we converted doses to morphine equivalents
(10 mg=100 mcg fentanyl). We then divided the mean
daily dose by the reported mean body weight of the
subjects, or, if weight was not reported, we imputed 70 kg.

Figure 1 shows the distribution of morphine equivalent
doses in mg/kg/day in 26 studies. The median dose was
0.7 mg/kg/day or about 49 mg/day for a patient weighing
70 kg (Sun et al. 1992; Carrasco et al. 1993; Sun and
Weissman 1994; Ronan et al. 1995; Kress et al. 1996;
Barrientos-Vega et al. 1997; Devlin et al. 1997; McLeod et
al. 1997; Watling et al. 1997; Weinbroum et al. 1997;
Cammarano et al. 1998; Sanchez-Izquierdo-Riera et al.

Table 2 Reasons to administer a sedative medication, including
opioids, to mechanically ventilated patients

Increase synchrony between patient and the mechanical ventilator
Decrease anxiety and pain
Decrease excessive oxygen consumption
Reduce dyspnea
Rest the patient for ventilator weaning trials
Induce sleep
Prevent patient self-injury by preventing endotracheal or vascular
catheter removal

Create patient unawareness and amnesia to minimize the
psychological stress of severe illness

Improve the efficiency of nursing and medical care
Reduce nurses’ stress of caring for agitated and visibly suffering
patients

Increase nurses’ safety in caring for delirious or violent patients
Increase family acceptance of ICU care by minimizing visible
agitation and suffering
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1998; Brook et al. 1999; Devlin et al. 1999; Swart et al.
1999; Fraser et al. 2000; Kress et al. 2000; Brandl et al.
2001; Ely et al. 2001; Payen et al. 2001; Ely et al. 2003; De
Jonghe et al. 2005; Kahn et al. 2005; Carson et al. 2006;
Wolthuis et al. 2007; Girard et al. 2008).

In 17 surveys or practice pattern studies (Fig. 2), the
median proportion of ICU or mechanically ventilated patients
that received opioids or were “frequently” or “routinely”
administered opioids was 80% (Hansen-Flaschen et al. 1991;
Dasta et al. 1994; Magarey 1997; Kollef et al. 1998;
Christensen and Thunedborg 1999; Murdoch and Cohen
2000; Soliman et al. 2001; Freire et al. 2002; Rhoney and
Murry 2003; Samuelson et al. 2003; Guldbrand et al. 2004;
Jaber et al. 2005; Martin et al. 2005; Egerod et al. 2006;
Martin et al. 2006; Mehta et al. 2006; Richman et al. 2006).

We can conclude that the almost all patients in Intensive
Care Units receive opioids and that patients are exposed to
substantial intravenous doses of opioids during mechanical
ventilation, which, for most critically ill patients, ranges
from a few days to several weeks.

Relationship between opioid exposure and infection
in hospitalized patients

In standard adult medical–surgical ICUs, there are no
clinical studies that have examined the role of opioid
exposure in worsening outcomes in infected patients. Three
studies in hospitalized patients have examined the effects of
opioid therapy, but we have excluded the study by Horn
and colleagues because it did not specifically address the
role of opioids but rather the association between patient-
controlled analgesia pumps and the development of
postoperative infection after major intestinal surgery (Horn
et al. 2002).

Schwacha and colleagues performed a single-center
nested-case control study in burn injury. Cases (n=187)
were patients that developed an infection after thermal
injury, and controls (n=187) were noninfected burn patients

that had been in the hospital as long as the cases were at the
time of their first infection and were matched for age and
total body surface area burned (Schwacha et al. 2006).
Aggregate opioid doses in the days prior to the first
infection were converted to opioid equivalents (OE) similar
to 10 mg of intravenous morphine. The median OE were
greater for cases (14 versus ten for controls, p=0.06) and
cases had a longer mean duration of opioid use (approxi-
mately 5 days longer) than controls (p<0.001). The opioid
dose differences were greater in less severely burned
patients. The authors hypothesized that because large burns
are inherently immunosuppressive, the weaker additive
effect of opioid immunosuppression was not apparent in
more severe thermal injury. However, case-control studies
are susceptible to many kinds of bias and results from this
type of study design would have to be replicated in
different settings before we can conclude that opioids have
detrimental effects on infection in thermal injury.

The NEOPAIN trial is the only trial to our knowledge in
which large numbers of patients were randomly assigned to
liberal morphine exposure versus minimal morphine expo-
sure (Anand et al. 2004). However, the study population of
premature infants requiring mechanical ventilation for lung
prematurity is a very specialized sample that has a very low
rate of infection on admission to the neonatal ICU. Also,
the study goal was not to examine infectious complications
but to assess the effects of preemptive continuous morphine
analgesia on death, brain intraventricular hemorrhage and
periventricular leukomalacia. There was no difference in
the incidence of these conditions in patient groups assigned
to morphine infusions versus those allowed only intermit-
tent open-label morphine. Rates of acquiring new infections
were not separately reported. Presumably if there had been
significant differences in infectious complications, the
authors would have presented the data even if it was not
the primary endpoint.
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Opioid withdrawal and infection

Although most studies have focused on the adverse effects
of chronic opioid therapy, research has also shown that
abrupt withdrawal of opioids from tolerant animals has
deleterious immunological effects (Feng et al. 2005; Feng
et al. 2006). Since the withdrawal model has not been
studied as extensively as the chronic opioid model, it is not
certain which paradigm causes a more profound immuno-
suppressed state. In critically ill patients, estimating the
incidence of opioid withdrawal is difficult because absti-
nence symptoms are often indistinguishable from symp-
toms caused by organ failure, surgery, or adverse effects
from other medications commonly administered to hospi-
talized patients. Nevertheless, rates of symptomatic opioid
withdrawal as high as 32% (Cammarano et al. 1998), 53%
(Dominguez et al. 2003), and 57% (Katz et al. 1994) have
been reported. Not surprisingly, withdrawal symptoms
occurred mostly in patients that had received higher doses
of opioids for longer periods of time. However, with
continuous infusions of potent opioids such as fentanyl,
tolerance can occur within 1 week. This high rate of with-
drawal, which is probably under recognized in clinical
practice, makes designing clinical trials more difficult. If
there is an increased rate of late infections in ICU patients,
this is due to the presence of opioids or because of the acute
decrease in opioid dosing that commonly occurs when
patients are removed from mechanical ventilation?

Non-opioid therapies and ICU conditions that cause
immunosuppression

Although the focus of this paper is on the clinically relevant
immunosuppressive effects of opioids, it is important to
recognize that other medications and conditions com-
monly seen in ICUs have also been shown to negatively
affect cellular and humoral aspects of the immune
system.

For instance, midazolam, a widely used benzodiazepine
sedative, depressesN-formyl-methionyl-leucyl-phenylalanine-
induced neutrophil chemiluminescence (Weiss et al. 1993)
and neutrophil chemotaxis and phagocytosis in vitro
(Nishina et al. 1998). Propofol inhibits several functions
of neutrophils that are essential for microbial killing
(Mikawa et al. 1998). Both propofol and midazolam inhibit
IL-8 secretion (but not intracellular production) from
isolated human neutrophils (Galley et al. 1998). In a study
conducted in critically ill septic patients, midazolam caused
a greater decrease in pro-inflammatory cytokines (IL-1β,
IL-6, and TNF-α) during 48 h of drug infusion compared to
propofol. However, that study did not have a control group
not receiving a sedative so no conclusions can be made on

the independent effects of sedative drugs on immune
cytokine levels (Helmy and Al-Attiyah 2001).

The tissue injury associated with surgery causes a pro-
inflammatory and then a counter-regulatory cascade. This
effect can be modulated by the type of pain management
(Beilin et al. 2003) or dose of fentanyl administrated to the
postoperative patient (Yardeni et al. 2008). Even sleep dep-
rivation, common in ICU patients, affects numerous soluble
and cell-mediated immune functions (Rogers et al. 2001).

Transfusion of erythrocytes for anemia occurs in more
than 40% of ICU patients, and transfused patients received,
on average, five units of erythrocytes and having a
transfusion in the ICU was associated with an increased
mortality rate (Vincent et al. 2002; Corwin et al. 2004).
Although there are more clinical data examining the risk of
infection in transfusions than for opioids, the pathophysi-
ological mechanisms remain ill-defined for transfusion-
related immunosuppression (Vamvakas and Blajchman
2007). Multiple observational studies show that adults and
children have an increased risk of acquiring an ICU infection
if they received erythrocyte transfusions (Shorr et al. 2005;
Elward and Fraser 2006; Taylor et al. 2006). However, a trial
that randomized non-bleeding ICU patients to a restrictive
transfusion strategy (no transfusion until hemoglobin fell
below 7 g/dl) or a liberal strategy (transfuse when hemo-
globin was less than 10 g/dl) showed no difference between
groups in the proportion developing a new infection
(pneumonia, bacteremia, or septic shock; Hebert et al. 1999).

The underlying assumption of this review is that
immunosuppression is harmful because it causes more
infections or increases the severity of an established
infection. This may be an incorrect hypothesis in certain
clinical settings. In a recent review of infectious diseases,
judicious use of corticosteroids, a model immunosuppres-
sive medication especially for lymphocytes, was shown to
decrease patient mortality in bacterial and tuberculous
meningitis, tuberculous pericarditis, typhoid fever, tetanus,
and pneumocystis pneumonia. Only in viral hepatitis and
cerebral malaria were corticosteroids harmful (McGee and
Hirschmann 2008). This discrepancy highlights the difficul-
ty in extrapolating animal models of immunosuppression,
infection, and sepsis to human disease (Buras et al. 2005).
This extrapolation is likely particularly hazardous in models
of endotoxemia or experiments that focus only on early
mediators of the inflammatory response (Marshall 2008).

Future clinical research directions

The experimental animal data regarding the deleterious
effects of some opioid medications on infection is compel-
ling. Opioids are used frequently and administered in high
doses for the most severely ill patients. Ongoing and
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acquired infections are a major cause of multi-organ failure
and death in ICU patients. But, the extent to which opioids
are an independent cause of infectious morbidity and
mortality in ICU patients remains uncertain. And, because
opioids are such valuable medications, clinical practice
should be changed only if high-quality research consistent-
ly demonstrates that opioids cause a worsening of mean-
ingful endpoints such as mortality or hospital length of stay.
In addition, the study design and patient sample should be
optimized to answer two different research questions: (1)
what is the effect of opioids on infectious diseases causing
admission to the ICU and (2) what is the effect of opioids
on the risk of acquiring a new infection? Which study
designs could answer these questions with a high level of
certainty?

Cohort studies are a common observational study design
in ICU research. A cohort study would identify every
infected patient admitted to the ICU and then record the
dose and duration of opioid medications prescribed by the
clinical team and then record the subject’s mortality status
(usually 28 or 60 days after ICU admission) or length of
stay. Then, the investigators would statistically model the
relationship between the independent variable of opioid
exposure (converted into morphine equivalents as clinical
practice often uses several different opioid medications) and
the dependent variable of mortality. However, because there
is a strong likelihood that opioids are given to patients for
reasons that are also associated with the dependent variable
of mortality (e.g., need for mechanical ventilation, severity
of respiratory failure, surgical procedure), these factors
would have to be included into a multivariable model to
“adjust” for potentially confounding variables. But statisti-
cal adjustment is always incomplete especially when there
is incomplete measurement of factors that are associated
with the use of opioid therapy. The advantage of this study
design is that an analysis could be performed on a extant
database as long as there is accurate recording of opioid
doses administered, there is the ability to determine whether
patients were infected at the time of ICU admission (these
data can be difficult to abstract from databases used only
for clinical care) and that there is complete endpoint
ascertainment. Most of the studies examining the associa-
tion between erythrocyte transfusion and infection have
used a cohort design.

However, because of the need for strong evidence that
opioids (and which opioids, specifically) worsen infectious
outcomes, a study design that conclusively controls for bias
and potentially confounding variables is needed. A ran-
domized trial of sufficient size (probably more than 1,000
patients) could have adequate statistical power to determine
if, for example, opioid exposure increases 28-day mortality
of infected ICU patients by 10%. But it is unlikely that a
conceptually attractive trial could be completed in adults in

which one group is assigned to receive no opioids. The
clinical practice of co-sedation is increasingly standard
practice and caregivers and patients’ families have strong
expectations that the patient will not experience any pain
during their illness. This makes it unlikely that clinicians or
families would allow a patient to be enrolled into a clinical
study where one arm receives no opioids. For ethical and
feasibility reason, the designers of the NEOPAIN study had
to allow intermittent open-label morphine for patients not
assigned to the continuous morphine infusion arm. In that
study, 55% of the babies were given open-label morphine.

There is another reason not to conduct a trial with a no-
opioid arm. Suppose the group randomized to opioids had a
10% increase in mortality. Would this difference be
ascribed to the immunosuppressive effects of opioids, or
to their deleterious effects on bowel function thereby
leading to more malnutrition or to their respiratory depres-
sant effects thereby impairing cough, removal of lung
secretions during mechanical ventilation and delayed
removal from the ventilator because of excessive sedation?
Or would the alternative medication given to the non-opioid
group for analgesia have been responsible for the difference
in mortality? For instance, ibuprofen inhibition of arach-
adonic acid metabolism was, at one time, hypothesized to
be a treatment for severe sepsis (Bernard et al. 1997).
Therefore, the ideal trial would compare two different
opioids that experimentally have been shown to have
significant differences in immunosuppressive properties
but have otherwise similar clinical effects on analgesia,
bowel function and relief of dyspnea. For instance,
morphine and hydromorphone are both used clinically but
in mouse models morphine has greater immunosuppressive
activity, as measured by ex vivo tests of splenocyte
proliferation, natural killer cell activity and IL-2 production
performed 1 h after subcutaneous injection of the test
opioids (Sacerdote et al. 1997). It would be relatively
simple to prepare identical-appearing infusion bags or
syringes with differing concentrations of morphine and
hydromorphone such that an equivalent volume, say 1 ml,
would deliver an equi-analgesic dose. Any differences in
infection rates or mortality could then be more confidently
attributed to immunosuppression rather than non-specific
opioid effects.

Designing a study to estimate the effects of opioids on
infection rates in the outpatient setting has advantages and
disadvantages that differ from an ICU study. Certainly the
number of patients taking chronic opioids is much larger in
the ambulatory setting but, on the other hand, the incidence
of new infections is lower. Perhaps a select population that
is already immunocompromised, such as cancer patients,
would have a sufficiently high risk of infection to increase
statistical power. But, in the absence of randomization to
opioids or non-opioid analgesics, the same problem with
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potentially confounding variables would bias the interpre-
tation of the results. In the ambulatory setting, the “opioid
exposure” variable would differ compared to the ICU
setting: the former exposes patient to relatively low doses
but for months and years of duration; the latter exposes
patients to very high doses but for durations of only days to
weeks. Almost all animal infection models use opioid
exposure durations of less than 3 weeks, but, on the other
hand, this is of sufficient duration that tolerance develops
thereby mimicking the clinical model of chronic human
opioid exposure.

Conclusion

There are compelling animal data documenting the immu-
nosuppressive effects of opioids and their causal relation-
ship to worse outcomes during an infectious challenge.
However, opioids are an effective therapy for many human
patient problems in the ICU. Therefore, research has to
definitively demonstrate that opioids worsen meaningful
patient outcomes before changes in routine clinical practice
can be recommended. This means that clinical researchers
need to increase awareness within the medical system about
the potential health hazards of opioid use in acute care
medicine and then design and obtain support for clinical
trials that can investigate this important topic.
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