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[INSIDE]

Acetaminophen (known as paracetamol 
outside the United States) is the most 
commonly used analgesic in the world, 

usually considered to be safe and benign. In 2008, 
however, according to the American Association of 
Poison Control Centers, acetaminophen overdose 
occurred in 27,790 cases, resulting in 13,650 
hospitalizations and 43 deaths.1 Acetaminophen 
overdose may lead to hepatotoxicity, acute 
tubular necrosis and, less likely, pancreatitis.2 It 
is the most common cause of acute liver failure 
in many Western countries, accounting for 40%-
50% of cases in the United States.3,4 (Interestingly, 
of those cases with acute liver failure from 
acetaminophen, half or more are unintentional 
overdoses.) Fortunately, with current treatment 
more than 90% of patients with acetaminophen 
toxicity recover completely. Of those who develop 

acute liver failure, 70% survive and recover fully 
with supportive care. Histologically, normal liver 
architecture is restored within about 3 months 
from initial ingestion/overdose.2

Factors that may slightly increase susceptibility 
to acetaminophen-related hepatotoxicity include 
age > 40 years, tobacco use, malnutrition or 
starvation, and anything else that may impact 
the way acetaminophen is metabolized in the 
liver: presence of certain polymorphisms of 
cytochrome isoenzymes, chronic alcohol ingestion, 
or chronic use of medications that induce P450 
isoenzymes such as some anticonvulsants and 
isoniazid. Chronic liver disease is not associated 
with increased risk. Age < 5 years and acute 
alcohol ingestion seem to decrease susceptibility to 
acetaminophen toxicity.2,5
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PATHOPHYSIOLOGY
Acetaminophen is quickly absorbed 
from the GI tract and reaches peak 
serum levels in 1-4 hours. Normally,  
at recommended therapeutic doses  
(≤ 4 g in adults or 80 mg/kg in children, 
daily), more than 90% of ingested 
acetaminophen is converted in the 
liver by sulfation or glucuronidation 
to inactive metabolites, which are then 
excreted in the urine or bile. About 
2% of acetaminophen is directly 
excreted in the urine; the remaining 
5%-8% is metabolized in the liver by 
cytochrome P450 isoenzymes to the 
extremely toxic substance N-acetyl-p-
benzoquinoneimine (NAPQI). Usually, 
glutathione inactivates NAPQI, 
ultimately forming mercapturic acid 
and cysteine conjugates, which are 
nontoxic and cleared in the urine. 

When excess amounts of 
acetaminophen are ingested, however, 
the usual glucuronide and sulfate 
pathways are saturated and more 
drug passes through the P450 system; 
once glutathione stores are consumed, 
NAPQI accumulates and leads to 
direct injury of hepatocytes and to 
centrilobular necrosis. As previously 
noted, factors that deplete glutathione 
(such as starvation) or stimulate P450 
isoenzymes (like chronic use of certain 
anticonvulsants) predispose patients 
to hepatic injury in the setting of 
acetaminophen ingestion.2,5 

N-acetylcysteine (NAC) has been used 
as an antidote for acetaminophen 
toxicity since the mid-1970s. It works 
primarily by restoring glutathione, thus 
averting NAPQI buildup and hepatic 
injury. (Methionine and cysteamine 
have similar effects and were the first 
agents utilized for acetaminophen 
toxicity; they fell out of use because 
of significant side effects including 
severe flushing and vomiting.) NAC 
also stimulates sulfation and appears 
to have some anti-inflammatory, anti-
oxidant, and vasodilating effects.5,6

CLINICAL PRESENTATION
The clinical presentation of acute 
acetaminophen toxicity is fairly 
predictable and can be divided into 
four stages, based on time from 

ingestion. During stage 1 (0-24 hours), 
patients experience anorexia, nausea, 
vomiting, abdominal pain, and general 
malaise. Laboratory studies (liver 
function tests, chemistries) may be 
normal or only minimally abnormal. 
In stage 2 (24-72 hours), hepatic injury 
becomes apparent; symptoms improve 
transiently but patients develop 
transaminitis, elevated bilirubin, and 
rising prothrombin time. Right upper 
quadrant pain and jaundice begin to 
appear late in this stage. 

Stage 3 (72-96 hours or longer) 
represents the peak of hepatotoxicity 
and it is during this stage that frank 
acute liver failure may manifest. 
Gastrointestinal (GI) symptoms return 
or worsen and jaundice, general 
malaise, and hepatic encephalopathy 
(confusion, somnolence, or coma, 
sometimes with cerebral edema) 
occur. Liver function tests reach their 
maximum levels.2,5 Coagulopathy 
may be severe, so bleeding risk is 
high. Acute renal failure (due to acute 
tubular necrosis and dehydration) 
will occur in 25% of patients with 
severe hepatotoxicity and in more than 
50% of those with acute liver failure.7 
Lactic acidosis, hypoglycemia, and 
hypophosphatemia are also commonly 
noted. Finally, recovery occurs in 
stage 4 (96 hours to 14 days), with 
resolution of symptoms and gradual 
normalization of liver function 
studies.2,5,6

DIAGNOSIS 
Diagnosis of acute acetaminophen 
overdose relies on a detailed history 
and high suspicion in patients 
presenting with GI symptoms without 
another clear etiology, altered mental 
status, drug ingestion, or suicide 
attempt. It is important to remember 
that acetaminophen is present in many 
combination medications (analgesics, 
antipyretics, allergy and sinus 
medications, etc). The history should 
elicit information about all available 
drugs, dosage, route, and time of 
ingestion. A single ingestion of ≥ 150 
mg/kg or ≥ 10-15 g of acetaminophen 
will result in hepatotoxicity. Chronic 
daily ingestions at lower doses (4-10 g) 
may also lead to hepatotoxicity.2,5
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Serum acetaminophen level should be measured at 
4 and 24 hours after ingestion or at presentation 
if > 4 hours have passed since ingestion. (A false-
positive acetaminophen level may be found in 
the setting of severe hyperbilirubinemia, > 10 mg/
mL, from another cause.) In the case of a single 
ingestion at a known time, serum acetaminophen 
level at 4-24 hours post-ingestion can be used 
to predict the risk of hepatotoxicity using the 
Rumack-Matthew nomogram (see Figure 1, p. 68).5 

The diagnosis of acetaminophen toxicity 
in the setting of chronic ingestion is more 
difficult. A detailed drug history is essential. An 
acetaminophen level simply confirms ongoing 
ingestion but is not useful for prediction risk of 
hepatotoxicity.2

Measurement of the NAPQI-protein adducts 
released following hepatocellular injury has 
been evaluated as a more reliable way to identify 
acetaminophen toxicity in acute or chronic 
ingestions. This test is not widely available or part 
of standard clinical practice at this time.5

MANAGEMENT
Treatment of acute acetaminophen toxicity 
begins with gastric lavage and administration of 
activated charcoal within 1-4 hours of ingestion, 
in the setting of a protected airway (in order to 
avoid aspiration).2

Early initiation of NAC is the “gold standard” 
for those patients at risk of hepatotoxicity. 
Again, for single ingestions with clear timing, this 
risk is measured and predicted by the Rumack-
Matthew nomogram (see Figure 1). Most experts 
and poison control centers also recommend 
giving NAC for patients with acetaminophen 
level > 10-20 mg/mL and undeterminable time 
of significant (> 150 mg/kg or > 10 g) ingestion, 
history of significant ingestion with laboratory 
evidence of hepatotoxicity, or history of repeated 
supratherapeutic ingestions with elevated liver 
function studies or associated GI symptoms 
(abdominal tenderness, jaundice, malaise).5

When indicated, NAC should be started as soon 
as possible, ideally within 8-10 hours of ingestion; 
serious hepatotoxicity is rare if NAC is started 
in this interval. Although some benefit has been 
documented even if NAC is started up to 24-48 
hours after ingestion, the effect is decremental. 
In the largest prospective study of NAC for 
acetaminophen toxicity including more than 
11,000 subjects with suspected acetaminophen 
overdose and about 2500 that met criteria for 
NAC, severe hepatotoxicity occurred in 2.9% 

of patients treated within 8 hours, 6.1% treated 
within 10 hours, and in 26.4% of patients treated 
at 10-24 hours.9

NAC may be dosed orally (140 mg/kg x 1, 
best tolerated as a 5% solution in cola or juice, 
followed by 70 mg/kg every 4 hours for 17 doses) 
or intravenously (150 mg/kg followed by 50 mg/
kg over 4 hours and then 100 mg/kg over 16 
hours), with equivalent response. The duration 
of therapy should be extended if patients still 
have measurable acetaminophen levels, elevated 
transaminases, or coagulopathy (INR > 1.5-2.0) at 
the end of the usual course of treatment.5

Common side effects of oral NAC include nausea, 
vomiting, diarrhea, and rash. IV NAC is generally 
well-tolerated but 10%-20% of patients may have 
anaphylactoid reactions; after usual supportive 
treatments (diphenhydramine, corticosteroids, 
and bronchodilators) and transient (1-2 hours) 
cessation of the infusion, the remaining course 
of NAC can generally be completed without 
difficulty at a slower infusion rate.2,6

Although outpatient management with self-
administration of NAC has been suggested for 
selected patients with acetaminophen toxicity and 
no symptoms or laboratory abnormalities, most 
patients will require hospital admission. 

Patients with frank acute liver failure will need 
supportive care in an ICU setting. Common 
complications are encephalopathy with inability to 
protect airway; thus, intubation and mechanical 
ventilatory support may be needed. Cerebral 
edema may occur and consideration must be 
given to ICP monitoring in selected patients. 
Severe coagulopathy will be present, but, in 
general, transfusion of fresh frozen plasma 

[Diagnosis of acute 
acetaminophen overdose relies 
on a detailed history and high 
suspicion in patients presenting 
with GI symptoms without 
another clear etiology, altered 
mental status, drug ingestion,  
or suicide attempt.]
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should be avoided unless necessary (for bleeding 
complications or procedures) as the INR may 
be one of the most useful indicators for tracking 
recovery of hepatic function.3 Dialysis support for 
acute renal failure may be necessary. IV NAC is 
indicated in patients with acetaminophen overdose 
and acute liver failure; IV NAC appears to decrease 
the risk of disease progression, cerebral edema, 
and mortality in this population.10 Furthermore, 
consideration should be given to transferring such 
patients to liver transplantation centers early in the 
course of their acute liver failure. Poor prognosis 
without rapid liver transplantation is seen in 
patients with persistent arterial pH < 7.30 after 
resuscitation or prothrombin time > 100 seconds, 
serum creatinine > 3.4 mg/dL, and advanced 
grade (III or IV) encephalopathy (King’s College 
criteria).5

CONCLUSION 
Acetaminophen is a commonly used and generally 
safe analgesic, but overdose has high morbidity 
and is potentially lethal. It is important to 
maintain a high suspicion for acetaminophen 
toxicity in the right clinical setting because prompt 
identification and early treatment with NAC can 
avert hepatotoxicity, prevent death, and result in 
essentially full recovery for the majority of affected 
patients. For those with acute hepatic failure due 
to acetaminophen overdose, aggressive supportive 

care and management at a liver transplantation 
center should be considered.  n
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Figure. Rumack-Matthew nomogram for acetaminophen toxicity.
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By David J. Pierson, MD, Editor

SYNOPSIS: Abnormal pulmonary function, neuromuscular weakness, psychiatric symptoms, impaired cognitive 
function, and reduced quality of life are common and severe among survivors of critical illness. Practical 
measures can be identified for their prevention, key among which are minimization of sedation and early 
mobilization in the ICU.

SOURCE: Desai SV, et al. Long-term complications of critical care. Crit Care Med 2010 Oct 14; Epub ahead of print.

Preventing Long-term Complications in Survivors  
of Critical Care

Desai and colleagues carried out a 
comprehensive review of published 
studies on long-term complications among 

survivors of critical illness in an attempt to find 
common characteristics and themes that might 
be used in developing strategies for preventing 
or mitigating them. That a large and expanding 
evidence base is available on this important aspect 
of critical care is illustrated by the 145 references 
cited by the authors in their review.

Although clinicians take justifiable satisfaction 
in discharging patients from the ICU alive and 
improving after a bout of life-threatening acute 
illness, it has become clear that numerous long-
term, patient-relevant outcomes are less favorable 
than those clinicians would wish. Depending 
on the patient population, during the first year 
after initially surviving a critical illness, between 
one-fourth and two-thirds of patients will die. 
Among most of those who survive the first year, 
physical and psychosocial impairments interfere 
substantially with both daily activity and quality of 
life (QOL). The most studied of these impairments 
are listed in the table (see p. 70), along with 
identified risk factors for their development and 
severity and practical measures for prevention.

Studies on pulmonary function after critical illness 
have mainly focused on survivors of the acute 
respiratory distress syndrome (ARDS). Obstructive, 
restrictive, and pulmonary vascular impairments 
may occur, with a reduced diffusion capacity for 
carbon monoxide (indicating loss of functional 
capillary surface area) the most common finding. 
Pulmonary function tests typically continue to 
show improvements for about 6 months. Many 
patients regain normal values for most measures, 
although exercise desaturation may persist, and 
the diffusion capacity may remain abnormal for 
years. No mechanical ventilation strategy has been 
shown to impact these findings among ARDS 
survivors, although patients requiring prolonged 

ventilatory support appear more likely to have 
a persistently abnormal diffusion capacity. It 
stands to reason that anything shortening the 
duration of mechanical ventilation should reduce 
the likelihood of long-term pulmonary function 
impairment. A substantial body of good-quality 
evidence supports minimizing sedation, with daily 
“sedation vacations” along with spontaneous 
ventilation trials to detect readiness for weaning 
and extubation, in pursuit of this goal.

In the last decade it has become increasingly 
appreciated that neuromuscular complications in 
critical illness survivors are both very common 
— occurring in about half of such patients — 
and disabling. While critical illness itself plays 
an important role, and particularly the systemic 
inflammatory effects of sepsis and multiple 
organ dysfunction, evidence points increasingly 
to immobility and excessive sedation as main 
predispositions to the several recognized forms 
of ICU-acquired weakness. Hyperglycemia 
and hypoglycemia have each been implicated, 
emphasizing the importance of avoiding both 
during critical illness. Avoiding the use of systemic 
corticosteroids and neuromuscular blocking agents, 
as well as deliberate measures to avoid prolonged 
immobility, are also key elements in prevention.

Studies of activities of daily living, 6-minute 
walk distance, and other assessments of physical 
functioning demonstrate that many ICU survivors 
suffer severe impairment as they attempt to resume 
their pre-ICU lives. Pre-existing impairment in 
these things correlates strongly with its presence 
and severity after critical illness, as does the 
development of ICU-acquired illness such as 
ventilator-associated pneumonia. However, 
impaired physical functioning is also correlated 
with prolonged mechanical ventilation and the use 
of corticosteroids. An increasing body of evidence 
supports the preventive strategy of early and 
aggressive mobilization and other physical therapy.

ABstrAct & cOMMeNtArY
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Post-traumatic stress disorder, depression, and 
anxiety are increasingly recognized long-term 
complications of critical illness. Their incidence and 
severity are strongly correlated with the presence 
of delirium, particularly traumatic or delusional 
memories of the ICU experience. Although it may 
seem counterintuitive, psychiatric complications 
occur most commonly and most severely in patients 
who have received more — not less — sedation, as 
well as in those who have been restrained. As with 
ICU-acquired weakness, hypoglycemia appears to 
be an important predisposing factor. Avoidance 
of hypoglycemia, as well as minimization of 
sedation, avoidance of physical restraints, and 
deliberate measures to orient and communicate 
with the patient throughout the ICU stay, should be 
emphasized for prevention.

Heavy sedation, delirium, and hypoglycemia have 
been associated with impaired cognitive function 
following critical illness, which is present at 1 year 
in about half of all patients. It is more common 
and more severe in individuals with lower pre-
ICU intelligence. Although there are no specific 
prospective studies, the avoidance and aggressive 
treatment of delirium, as well as of hypoglycemia, 
would appear to be key preventive measures. 

Finally, although existing studies are not ideal, it 
seems clear that QOL is seriously impaired among 
many if not most ICU survivors. Impairments 
have been found in all QOL domains except 
bodily pain, particularly with respect to physical 
functioning. Reduced QOL in comparison with 

age-matched population norms has been found 
as long as 5 years after an acute illness requiring 
ICU care. Associated factors for incidence and 
severity include preexisting disease and QOL 
impairment and the severity of the acute illness, 
but also the occurrence of ICU-acquired weakness 
and delusional memories of the ICU. In addition 
to the prevention of the latter as mentioned above, 
providing patients with a rehabilitation handbook, 
including self-directed exercises and a patient diary, 
has been shown to improve physical function-
related QOL after 6 months. 

COMMENTARY
As the authors of this article state, “the goals 
of critical care must extend beyond patient 
survival and include shared, multidisciplinary 
collaboration to prevent and manage the long-term 
complications of critical care.” Fortunately there 
are practical, evidence-based steps that intensivists 
and others in the critical care environment can take 
to further these goals. 

In the table (above) are several common threads 
with respect to both risk factors and preventive 
measures. Although how glycemic control in 
critically ill patients should best be accomplished 
is presently controversial, it is clear that the 
avoidance of both hypoglycemia and severe 
hyperglycemia are important for numerous 
outcomes, including long-term complications 
among survivors. The avoidance of unnecessary 
prolongation of mechanical ventilation — the 
prevalence of which has been demonstrated by 

Table. Risk factors and potential preventive measures for long-term complications of critical illness

Complication Selected Risk Factors Preventive Strategy
Impaired pulmonary function, Prolonged duration of mechanical Daily assessment for weaning readiness; limited 
  especially diffusion capacity   ventilation   use of sedation
Critical illness polyneuropathy Hyperglycemia; systemic imflamma- Glycemic control; limited use of corticosteroids  
  and myopathy   tory response syndrome   and neuromuscular blockers
Disuse muscle atrophy Immobility; strict bed rest; sepsis; Early mobilization and rehabilitation while in ICU; 
    multi-organ dysfunction   continuation throughout post-ICU recovery
Impaired physical function Systemic corticosteroids; ICU-acquired Early mobilization and rehabilitation while in ICU; 
  (ADLs; 6-min walk distance)   illness; prolonged course of lung injury;   continuation throughout post-ICU recovery 
    age; pre-existing impairment of ADLs

Psychiatric symptoms Traumatic or delusional memories of Prevention of hypoglycemia; limitation of sedation 
  (depression, anxiety, PTSD)   ICU; heavy sedation; agitation; physi- 
    cal restraints; prolonged mechanical  
    ventilation; pre-ICU psychiatric illness

Impaired cognitive function (mem- ICU delirium; heavy sedation; hypo- Prevention of delirium; avoidance of hypoglycemia 
  ory; attention; executive function)   glycemia; lower pre-ICU intelligence 
Impaired quality of life (physical Older age; severity of illness; critical Handbook for self-guided rehabilitation 
  domains)   illness polyneuropathy; psychiatric 
    symptoms; delusional memories of  
    ICU; impaired pulmonary function

Adapted from: Desai SV, et al. Long-term complications of critical care. Crit Care Med 2010 Oct 14; Epub ahead of print.
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By Leslie A. Hoffman, RN, PhD
Department of Acute/Tertiary Care, School of Nursing, University of Pittsburgh
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SYNOPSIS: Using a quality improvement (QI) process, ICU delirium, physical rehabilitation, and functional 
mobility were significantly improved and associated with a decreased length of stay.

SOURCE: Needham DM, et al. Early physical medicine and rehabilitation for patients with acute respiratory failure: A quality improvement 
project. Arch Phys Med Rehabil 2010;91:536-542.

QI Process Promotes Early Mobilization of ICU Patients
ABstrAct & cOMMeNtArY

Following a chart review that indicated 
few (24%) medical ICU (MICU) patients 
received consultation for physical therapy 

(PT) or occupational therapy (OT) — a percentage 
almost 50% lower than at two other academic 
medical centers in the same city — as well as a 
higher prevalence of deep sedation, the authors 
elected to initiate a QI project designed to reduce 
the use of deep sedation and improve patients’ 
functional ability. The project, based on the “4Es” 
(Engage, Educate, Execute, Evaluate), involved the 
following steps:

• MICU admission orders were modified to 
change the default activity level from “bed rest” to 
“as tolerated”; 
• Clinicians were encouraged to order 
benzodiazepines and narcotics “as needed” rather 
than by continuous infusion; 
• Guidelines were disseminated to encourage PT 
and OT consultation;
• New safety-related guidelines were developed 
to identify eligible patients; 
• Staffing was changed to include a full-time PT 
and OT; and, 
• Consultations to a neurologist were encouraged 

for patients with severe muscle weakness. 

Compared to before the QI project was initiated, 
the proportion of days on which patients received 
benzodiazepines decreased (from 50% to 25%;  
P = 0.002), with lower median daily sedative 
doses (47 mg vs 15 mg midazolam equivalents  
[P = 0.09]; 71 mg vs 24 mg morphine equivalents 
[P = 0.01]). Patients had more days when they 
were alert (30% vs 67%; P < 0.001) and not 
delirious (21% vs 53%; P = 0.003). There were 
a greater number of rehabilitation treatments 
per patient (P < 0.001) with a higher level of 
functional mobility (56% vs 78%; P = 0.03). 
Patients had similar (low) pain ratings prior to 
and following the QI project (0.6 vs 0.6; P = 0.79) 
based on nursing assessments using a 0-10 scale. 
Comparison with historical controls indicated a 
decrease in ICU and hospital lengths of stay by 
2.1 days (95% confidence interval [CI], 0.4-3.8) 
and 3.1 days (95% CI, 0.3-5.9), respectively. The 
only adverse events were four instances in which a 
rectal or feeding tube was dislodged.

COMMENTARY
Historically, early mobilization of ICU patients 

numerous studies, along with practical, system-
type interventions for its mitigation — is a general 
theme. So is the prevention, early detection, and 
effective management of delirium. 

Perhaps the most important steps, vital to 
achieving the above preventive measures, as well 
as to preventing virtually all of the complications 
discussed by Desai et al, are avoidance of excessive 
sedation and early mobilization. The benefits of 
both are unquestioned, yet both are easier said 
than done in the culture of most ICUs today. 
Needham and colleagues at Johns Hopkins 
Hospital have demonstrated the feasibility of 
aggressive physical medicine and rehabilitation 
in the ICU — commencing within one or two 
days of admission, even while patients are 

intubated and ventilated — and several of their 
recent publications provide practical guidance 
for institutions in which this important aspect of 
critical care has not yet been implemented.1-4  n
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was promoted by eminent clinicians 
such as Thomas Petty and Louise Nett, 
who observed that “when we first 
started our unit in 1964, patients who 
required mechanical ventilation were 
awake and alert and often sitting in a 
chair.”1 However, early mobilization 
was uncommon until recently when 
clinicians, prompted by concerns about 
complications faced by ICU survivors 
and evidence regarding the benefits of 
less sedation, began to test the ability to 
safely provide mobility interventions. 
Following an initial survey that 
identified the need to change practice, 
Needham and colleagues implemented a 
QI project that involved many meetings 
aimed at presenting the problem, 
identifying barriers and solutions, 
and developing the structure of the 
project. A unique component of this 
process involved having patients who 
participated in early mobilization 
activities return to the MICU to share 
feedback about their experiences and 

subsequent recovery. These patient 
visits provided compelling evidence of 
potential benefits and lack of adverse 
consequences (videos of patient 
interviews are available at www.
hopkinsmedicine.org/oacis). 

The subsequent QI project achieved 
significant changes in routine clinical 
practice in a relatively short period 
of time (4 months). Notably, since 
implementation of the project, the 
hospital funded a program that allowed 
the multidisciplinary team used for the 
project to be sustained, solidify gains, 
and design new projects to implement 
and evaluate additional approaches to 
promote early mobility, such as cycle 
ergometry and neuromuscular electrical 
stimulation therapy.  n
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Early aggressive therapy 
to reduce serum lactate 
levels improves outcomes 
in critically ill patients 

Adverse effects of 
high-flow oxygen in 
decompensated COPD[IN FUTURE ISSUES]

CME/CNE Objectives
upon completion of this educational activity, participants should be able to:

•  identify the particular 
clinical, legal, or scientific 
issues related to critical care;

•  describe how those issues 
affect physicians, nurses, 
health care workers, 
hospitals, or the health care 
industry; and

•  cite solutions to the 
problems associated with 
those issues.

CME/CNE Questions

26. Which of the following 
is true with regard to the 
clinical presentation of acute 
acetaminophen toxicity?
a. Patients are asymptomatic  
 for the first 24 hours.

b. Jaundice is usually the first  
 symptom to appear.

c. Coagulopathy is rarely seen.
d. There is a phase of transient  
 improvement or resolution  
 of symptoms at 24-72  
 hours.

e. Elevation of transaminases  
 correlates directly with  
 clinical symptoms.

27. Which of the following 
is/are associated with the 
development of neuromuscular 
problems in survivors of critical 
illness? 

a. Hypoglycemia
b. Multiple organ dysfunction
c. Excessive sedation
d. Use of neuromuscular  
 blocking agents

e. All of the above 

28. compared to before 
initiation of a quality 
improvement project designed 
to reduce sedation use and 
promote greater mobility:  

a. sedation use decreased  
 significantly but pain ratings  
 increased. 
b. ratings of family satisfaction  
 with care improved  
 significantly. 
c. staffing requirements for  
 physical and occupational  
 therapy were unchanged. 
d. the proportion of  
 days patients received  
 benzodiazepine decreased  
 significantly.

Answers: 26. d, 27. e, 28. d, 
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Tiotropium for Uncontrolled Asthma
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In this issue: Tiotropium for uncontrolled 
asthma, sibutramine pulled from market, incidence 
and mortality data from WHI, FDA Actions.

Tiotropium for uncontrolled asthma
Tiotropium, a long-acting anticholiner-

gic inhaler, is approved for treatment of chronic 
obstructive pulmonary disease. A new study sug-
gests that it may also be effective for patients with 
asthma. 

In a study of 210 adults with asthma with 
inadequate control with inhaled glucocorticoids, 
tiotropium was compared to doubling the dose 
of glucocorticoids, and was also compared to the 
addition of salmeterol, a long-acting beta agonist 
(LABA). Tiotropium was superior to doubling the 
dose of inhaled glucocorticoid as assessed by mea-
suring the morning peak expiratory flow (PEF)  
(P < 0.001). It also improved evening PEF, asthma 
control days, and FEV1, as well as daily symptom 
scores. The addition of tiotropium was also non-
inferior to the addition of salmeterol for all assessed 
outcomes and was superior to salmeterol in mea-
sures of prebronchodilator FEV1 (P = 0.003). 

The authors conclude that tiotropium is supe-
rior to doubling the dose of glucocorticoid in 
patients with inadequately controlled asthma, and 
is equivalent to the addition of salmeterol in the 
same patient group (published online N Engl J 
Med Sept. 19, 2010). This study is important 
because it may result in options for patients with 
poorly controlled asthma beyond adding a LABA. 
Recently, asthma experts and the FDA have ques-
tioned the safety of LABA therapy (FDA Drug 
Safety Communication June 2, 2010), and a recent 
meta-analysis suggests that use of LABAs with-
out concomitant inhaled corticosteroids increase 

the risk for intubation or death (Am J Med 
2010;123:322-328).  n

Sibutramine pulled from market
Abbott Laboratories announced in October that 

it is withdrawing the weight-loss drug sibutramine 
(Meridia®) from the market. The move comes 
a month after the FDA finished a review of the 
drug and found that patients with cardiovascular 
disease or diabetes given sibutramine had a signifi-
cantly higher rate of serious cardiovascular events 
compared to placebo. The drug was originally 
approved in 1997. In a news release, the FDA 
states “physicians are advised to stop prescribing 
Meridia to their patients and patients should stop 
taking this medication.” The Wall Street Journal 
reports that while Meridia may be off the mar-
ket, sibutramine is still available illegally in many 
weight-loss nutritional supplements, most of which 
are available via the Internet from oversee suppli-
ers. The supplements are marketed as “all-natural” 
and their labels list only herbal ingredients. The 
FDA recently advised consumers that Slimming 
Beauty Bitter Orange Slimming Capsules con-
tains sibutramine, and last year published a list of 
more than 50 other supplements containing the 
banned drug. For complete list of supplements 
containing sibutramine go to: www.fda.gov/Drugs/
ResourcesForYou/Consumers/QuestionsAnswers/
ucm136187.htm.  n
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Incidence and mortality data from WHI
In 2002, the Women’s Health Initiative (WHI) 

study was stopped early after 5.6 years when data 
showed that combination estrogen and proges-
terone therapy increased the risk of breast can-
cer. Mortality data had never been reported from 
WHI, however, and other studies have suggested 
that hormone therapy-associated breast cancers 
might have a more favorable prognosis than other 
breast cancers. A new analysis of WHI data dispels 
that notion. 

The current study is a follow-up study of more 
than 16,000 women enrolled in WHI who were 
randomized to conjugated equine estrogen 0.65 
mg per day plus medroxyprogesterone 2.5 mg per 
day (Prempro®) or placebo. Participants were fol-
lowed for an average of 11 years with the main 
outcome measure being breast cancer incidence 
and breast cancer mortality. Women on hormone 
therapy had a higher rate of breast cancer com-
pared to women on placebo (0.42% vs 0.34% per 
year; hazard ratio [HR], 1.25; 95% confidence 
interval [CI], 1.07-1.46; P = 0.004) and breast can-
cers in the hormone group were more likely to be 
node-positive (23.7% vs 16.2%; HR, 1.78; 95% 
CI, 1.23-2.58; P = 0.03). The death rate associ-
ated with breast cancer was higher in the hormone 
group (0.03% vs 0.01% per year; HR, 1.96; 95% 
CI, 1.00-4.04; P = 0.049), a finding that barely 
reached statistical significance because of the low 
number of cancers in either group. 

The authors conclude that estrogen plus pro-
gesterone was associated with a higher breast 
cancer incidence, as well as cancers that were 
more commonly node-positive. Breast cancer mor-
tality was also higher in the combined hormone 
group (JAMA 2010;304:1684-1692). An accom-
panying editorial points out that despite the bor-
derline statistical significance of these findings 
it is likely that “the increase in breast cancer 
deaths due to hormone therapy has been under-
estimated in the current study.” However, it is 
still unclear whether short courses of hormone 
therapy for relief of postmenopausal symptoms 
right after menopause may be safe and fur-
ther research is needed “to determine whether 
lower doses or shorter durations of hormone  
therapy could alleviate menopausal symp-
toms without increasing cancer risk” (JAMA 
2010;304:1719-1720).  n

FDA actions
The FDA has approved fingolimod, the first 

oral drug for the treatment of relapsing forms of 

multiple sclerosis. Fingolimod is a sphingosine 
1-phosphate receptor modulator that is believed 
to reduce migration of lymphocytes into the cen-
tral nervous system. Compared to interferon beta-
1a, the annualized relapse rate was significantly 
lower with fingolimod. Patients need to be moni-
tored for decreased heart rate and elevation of 
liver transaminases. Fingolimod is given as a once-
daily 0.5 mg tablet. It is marketed by Novartis as 
Gilenya™.

As anticipated, the FDA has approved dabiga-
tran to prevent strokes and blood clots in patients 
with atrial fibrillation. The drug is a direct throm-
bin inhibitor and is given orally twice a day. The 
approval was based on the RE-LY trial, which 
showed that dabigatran at 150 mg given twice a 
day was superior to warfarin for this indication. 
Unlike warfarin, dabigatran requires no monitor-
ing. Dabigatran will be available in 75 mg and 150 
mg capsules and will be marketed as Pradaxa® by 
Boehringer Ingelheim Pharmaceuticals.

The FDA has ordered a labeling change for 
bisphosphonates, warning of the risk of atypical 
femoral fractures. In March, the FDA announced 
an ongoing safety review of bisphosphonates and 
the occurrence of subtrochanteric and diaphyseal 
femoral fractures. The new warning is a result of 
that review and, while not acknowledging a direct 
link, the warning suggests that these fractures may 
be related to use of bisphosphonates for longer 
than 5 years. The agency further suggests that 
health care professionals consider periodic reevalu-
ation of the need for continued bisphosphonate 
therapy in patients who have been on the drugs for 
more than 5 years. The labeling change will only 
affect bisphosphonates approved for osteoporosis, 
which include alendronate (Fosamax®), risedronate 
(Actonel®), ibandronate (Boniva®), and zoledronic 
acid (Reclast®).

The FDA has approved extended-release naltrex-
one to treat and prevent relapse of patients with 
opioid dependence who have undergone detoxi-
fication treatment. Extended-release naltrexone 
is administered by intramuscular injection once a 
month, and blocks opioid receptors in the brain. 
It was initially approved in 2006 to treat alcohol 
dependence. The drug is only approved for patients 
who have completed rehabilitation, otherwise it 
may trigger opioid withdrawal. The efficacy of 
naltrexone was shown in a 6-month placebo-con-
trolled trial in which treated patients were more 
likely to stay in treatment and refrain from using 
illicit drugs. Extended-release naltrexone injection 
is marketed as Vivitrol® by Alkermes Inc.  n


