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CA-MRSA 
 
 
Learning Objectives 
 
  Define what is meant by “CA-MRSA” and discuss the scope of its impact 
 
 Discuss the CDC’s role in regard to CA-MRSA 
 
 Identify the signs and symptoms of CA-MRSA 
 
 Discuss the Diagnosis and Treatment of CA-MRSA 
 
 Explain how the transmission of MRSA in the open community can be prevented 
 
 Explain how MRSA can become colonized Classroom and Correctional Settings 
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Review of MRSA-what it is, and how affects health care today                                         
 
 
Dramatic Rise in CA-MRSA: What It Means For Your ED 

There is an alarming increase in community-associated methicillin-resistant 
Staphylococcus aureus (CA-MRSA) cases in ED patients seeking treatment for skin and 
soft tissue infections, according to a new study.1 

"Despite the well-documented emergence of CA-MRSA in the U.S., evidence of its 
prevalence among otherwise healthy emergency patients has not been explored," said 
lead author Bradley W. Frazee, MD, assistant clinical professor in the department of 
emergency medicine at Alameda County Medical Center in Oakland, CA. 

Researchers found 51% of skin and soft tissue infections in Alameda's ED were caused 
by CA-MRSA. 

While MRSA was once thought to be acquired mostly in health care facilities, a surge in 
patients with MRSA acquired in the community is being seen in ED waiting rooms, 
reports Frazee. "The good news is that compared to hospital-associated MRSA strains, 
community-associated MRSA is susceptible to a broader array of antibiotics," he says. 
"The bad news is that CA-MRSA may be more virulent than typical hospital strains."  

Although researchers found few demographic similarities among the infected patients, 
the patients were more likely to be white, and their infections were more likely to take the 
form of a boil. 

Once MRSA infection is identified, patients typically are isolated, but due to 
overcrowding in EDs, it may be difficult to isolate all of the CA-MRSA patients, he 
notes. "Remember, this bug is spreading naturally in the community, and it is associated 
for the most part with minor skin infections," says Frazee. "Most of these patients are not 
admitted, and as long as nurses wear gloves and wash their hands, it is unlikely that the 
pathogen will spread to staff or between patients during a short-term ED stay."  
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CA-MRSA: A new bug with a familiar name 

Culturing staph infections is necessary in many parts of the country to prescribe the 
correct antibiotic. 

By Susan J. Landers, AMNews staff. Nov. 22/29, 2004. 

A new strain of methicillin-resistant Staphylococcus aureus has settled into some 
communities, and physicians everywhere are being warned to keep an eye out for it. 

While infection with MRSA is well-known in hospitals, the new strain of resistant 
bacteria is found among people without traditional risk factors. 

Dubbed community-associated MRSA, or CA-MRSA, by the Centers for Disease Control 
and Prevention, the bacteria differ genetically from the more familiar hospital-acquired 
MRSA, said researchers at the Interscience Conference on Antimicrobial Agents and 
Chemotherapy held Oct. 30 to Nov. 2 in Washington, D.C. 

CA-MRSA is infecting seemingly healthy people, often children, and causing primarily 
skin and soft-tissue lesions such as boils, abscesses and cellulitis, which are frequently 
misdiagnosed as spider bites. 

The bacteria already have taken up what is likely to be permanent residence in parts of 
California, Texas and Georgia. Several outbreaks have occurred in prisons, in military 
bases and among members of athletic teams throughout the country. 

Physicians in communities in which the strain is now endemic recommend a cautious 
treatment approach, particularly when prescribing an antibiotic. 

There is often an incorrect assumption that the skin or soft-tissue infection being treated 
is caused by a susceptible strain of staph, said Elizabeth Bancroft, MD, a medical 
epidemiologist at the Los Angeles County Dept. of Health Services who has studied 
outbreaks in her county. All too often, the antibiotic prescribed does nothing to slow the 
infection. 

Physicians should "regard all lesions with suspicion, especially if you live in areas where 
CA-MRSA is prevalent," she advised. 

"Once it's in the community, you've got to think about it," said Sheldon Kaplan, MD, 
professor of pediatrics at Baylor College of Medicine in Houston and chief of the 
infectious diseases service at Texas Children's Hospitals. "In our area, it's just the regular 
staph now." 

"Physicians should be aware of what's going on in their community," he said. "If you 
aren't seeing a lot of these MRSA infections, then there is not anything special you need 
to do." 
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Overcoming Resistance 

Still, when it comes to prescribing the correct antibiotic, no assumptions can be made. "In 
the past, when people saw it was an abscess, they would just assume it was a staph germ 
and treat it with common antibiotics," Dr. Kaplan said. But those common antibiotics 
aren't likely to work on this bug. 

In addition, there are regional differences, according to an article in the September issue 
of AAP News, published by the American Academy of Pediatrics. For example, 
clindamycin-resistant MRSA strains are common in Chicago but infrequent in Houston. 

 

Incision and drainage should be considered the No. 1 treatment for boils and abscesses, 
Dr. Bancroft said, and cultures should be obtained to help determine which antibiotic to 
prescribe and avoid prescribing an antibiotic to which the bacteria have become resistant, 
which now include the beta-lactamase inhibitors. 

If a patient improves after an incision and drainage, an antibiotic may not even be 
necessary, she said. Careful consideration before prescribing an antibiotic also helps limit 
the development of additional resistant strains of bacteria. "You want to keep the bug as 
sensitive as possible." 

In addition to skin infections, Robert Daum, MD, of the University of Chicago's 
Children's Hospital, said he and his colleagues were seeing a pyramid of disease caused 
by CA-MRSA. The majority of cases involve skin infections, but a few cases of severe 
sepsis are clustered at the pyramid's peak. Dr. Daum spoke at the ICAAC meeting. 

Preventive measures also make sense, said John Jernigan, MD, an epidemiologist at the 
CDC, who also spoke at the ICAAC meeting. 

Because there are common themes to the spread of the infections -- including crowding, 
frequent skin-to- skin contact, compromised skin integrity and contaminated surfaces -- 
there are some simple precautions that can be taken to check the spread, he said. Careful 
cleaning of shared equipment and proper care of wounds, including covering them, and 
good personal hygiene are among those measures. 

"There is a role for being a little more careful in the outpatient setting regarding cleaning 
surfaces," Dr. Jernigan said. In addition, patients should be told to practice good 
household hygiene -- for example, don't share towels. 

An outbreak of MRSA skin infections among players on a college football team in 
Connecticut was stemmed in part by properly disinfecting the whirlpools and installing 
antibacterial soap dispensers in the athletes' showers, according to a study published in 
the Nov. 15 issue of Clinical Infectious Diseases. 
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The study found that cornerbacks and wide receivers who frequently come in direct 
contact with other players accounted for the most cases. More cases were also detected 
among players who had sustained "turf burns" and among those who had shaved their 
bodies, thus causing small breaks in the skin through which the bacteria gained access. 
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The Centers for Disease Control and MRSA:  Information for 

Clinicians             
 

What is Staphylococcus aureus? 

Staphylococcus aureus, often referred to simply as "staph," are bacteria commonly 
carried on the skin or in the nose of healthy people. Approximately 25% to 30% of the 
population is colonized (when bacteria are present, but not causing an infection) in the 
nose with staph bacteria. Sometimes, staph can cause an infection. Staph bacteria are one 
of the most common causes of skin infections in the United States. Most of these skin 
infections are minor (such as pimples and boils) and can be treated without antibiotics 
(also known as antimicrobials or antibacterials). However, staph bacteria also can cause 
serious infections (such as surgical wound infections, bloodstream infections, and 
pneumonia).  

What is MRSA (methicillin-resistant Staphylococcus aureus)? 

Some staph bacteria are resistant to antibiotics. MRSA is a type of staph that is resistant 
to antibiotics called beta-lactams. Beta-lactam antibiotics include methicillin and other 
more common antibiotics such as oxacillin, penicillin and amoxicillin. While 25% to 
30% of the population is colonized with staph, approximately 1% is colonized with 
MRSA.  

Who gets staph or MRSA infections? 

Staph infections, including MRSA, occur most frequently among persons in hospitals and 
healthcare facilities (such as nursing homes and dialysis centers) who have weakened 
immune systems. These healthcare-associated staph infections include surgical wound 
infections, urinary tract infections, bloodstream infections, and pneumonia.  

 

What is community-associated MRSA (CA-MRSA)?  

Staph and MRSA can also cause illness in persons outside of hospitals and healthcare 
facilities. MRSA infections that are acquired by persons who have not been recently 
(within the past year) hospitalized nor had a medical procedure (such as dialysis, surgery, 
catheters) are known as CA-MRSA infections. Staph or MRSA infections in the 
community are usually manifested as skin infections, such as pimples and boils, and 
occur in otherwise healthy people. 
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Are certain people at increased risk for community-associated staph or MRSA 
infections? 

CDC has investigated clusters of CA-MRSA skin infections among athletes, military 
recruits, children, Pacific Islanders, Alaskan Natives, Native Americans, men who have 
sex with men, and prisoners.  

Factors that have been associated with the spread of MRSA skin infections include close 
skin-to-skin contact, openings in the skin such as cuts or abrasions, contaminated items 
and surfaces, crowded living conditions, and poor hygiene.  

What are the clinical features of CA-MRSA?  

CA-MRSA most often presents as skin or soft tissue infection such as a boil or abscess. 
Patients frequently recall a “spider bite”. The involved site is red, swollen, and painful 
and may have pus or other drainage. Staph infections also can cause more serious 
infections, such as blood stream infections or pneumonia, leading to symptoms of 
shortness of breath, fever, and chills.  

What are the criteria for distinguishing community-associated MRSA (CA-MRSA) 
from healthcare-associated MRSA (HA-MRSA)?  

Persons with MRSA infections that meet all of the following criteria likely have CA-
MRSA infections:  

 Diagnosis of MRSA was made in the outpatient setting or by a culture positive for 
MRSA within 48 hours after admission to the hospital.  

 No medical history of MRSA infection or colonization.  
 No medical history in the past year of:  

o Hospitalization  
o Admission to a nursing home, skilled nursing facility, or hospice  
o Dialysis  
o Surgery  

 No permanent indwelling catheters or medical devices that pass through the skin 
into the body.  

 

 

What is the main way that staph or MRSA is transmitted in the community?  

The main mode of transmission of staph and/or MRSA is via hands which may become 
contaminated by contact with a) colonized or infected individuals, b) colonized or 
infected body sites of other persons, or c) devices, items, or environmental surfaces 
contaminated with body fluids containing staph or MRSA. Other factors contributing to 
transmission include skin-to-skin contact, crowded conditions, and poor hygiene.  
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How is a MRSA infection diagnosed?  

In general, a culture should be obtained from the infection site and sent to the 
microbiology laboratory. If S. aureus is isolated, the organism should be tested as follows 
to determine which antibiotics will be effective for treating the infection.  

Skin Infection: Obtain either a small biopsy of skin or drainage from the infected site. A 
culture of a skin lesion is especially useful in recurrent or persistent cases of skin 
infection, in cases of antibiotic failure, and in cases that present with advanced or 
aggressive infections.  

Pneumonia: Obtain a sputum culture (expectorated purulent sputum, respiratory lavage, 
or bronchoscopy).  

Bloodstream Infection: Obtain blood cultures using aseptic techniques.  

Urinary Infection: Obtain urine cultures using aseptic techniques.  

How is CA-MRSA infections treated?  

Staph skin infections, such as boils or abscesses, may be treated by incision and drainage, 
depending on severity. Antibiotic treatment, if indicated, should be guided by the 
susceptibility profile of the organism.  

How do CA-MRSA and HA-MRSA strains differ? 

Recently recognized outbreaks of MRSA in community settings have been associated 
with strains that have some unique microbiologic and genetic properties compared with 
the traditional hospital-based MRSA strains, suggesting some biologic properties (e.g., 
virulence factors) may allow the community strains to spread more easily or cause more 
skin disease. Additional studies are underway to characterize and compare the biologic 
properties of HA-MRSA and CA-MRSA strains.  

 

There are at least three different S. aureus strains in the United States that can cause CA-
MRSA infections. CDC continues to work with state and local health departments to 
gather organisms and epidemiologic data from known cases to determine why certain 
groups of people get these infections.  
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Are MRSA infections a reportable disease?  

MRSA is reportable in several states. The decision to make a particular disease reportable 
to public health authorities is made by each state, based on the needs of that individual 
state. To find out if MRSA is reportable in your state, call your state health department. 

 
 

What is CDC doing about MRSA?  

CDC conducts MRSA surveillance, prevention, and research activities. 

Some of those efforts include:  

Surveillance  

 Invasive healthcare-associated MRSA (HA-MRSA) infections (i.e., bloodstream 
infections, urinary tract infections, pneumonia, surgical site infections) are 
monitored in CDC’s National Nosocomial Infection Surveillance (NNIS) System, 
a system of approximately 300 U.S. hospitals that voluntarily report data on 
healthcare associated infections.  

 Invasive HA-MRSA and community-associated MRSA (CA-MRSA) infections 
are monitored using the Active Bacterial Core Surveillance (ABC’s) System, a 
laboratory- and population-based surveillance system for invasive bacterial 
pathogens of public health importance. Ten sites across the United States 
currently participate in the ABC’s, representing a population of over 38 million 
persons.  

Prevention  

 CDC is collaborating with state health departments and academic medical centers 
to identify and promote effective strategies to reduce MRSA transmission in 
healthcare and community settings.  

 CDC has launched a national evidence-based educational Campaign to Prevent 
Antimicrobial Resistance in Healthcare Settings.  

 CDC is conducting proficiency testing to assist public health laboratories in 
determining the antibiotic susceptibility of staph bacteria.  

 CDC is building a national resource library of MRSA (PulseNet) to identify 
genetic patterns or relationships among different types MRSA that could be used 
to take public health action.  

 CDC is researching the role of staph toxins that may provide answers to questions 
about why some MRSA infections are more invasive, or lead to rapid death.  
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Research  

 CDC is collaborating on studies to characterize epidemiologic and microbiologic 
differences in HA- versus CA-MRSA.  

 
 
Causes and Symptoms of CA-MRSA  

CA-MRSA is a methicillin-resistant Staphylococcus aureus infection. Much of 
transmission, signs and symptoms of infection, duration of illness, compilcations and 
diagnosis are the same as for Staphylococcus aureus.  

Fact sheet  

An increasing number of patients are being seen with skin infections caused by 
Staphylococcus aureus (“staph”) bacteria that are resistant to many antibiotics (drugs that 
kill bacteria). These resistant strains of staph are known as “MRSA” (methicillin-resistant 
Staphylococcus aureus). The Minnesota Department of Health is working with healthcare 
providers to better understand why this is happening and how to prevent antibiotic (drug) 
resistant staph skin infections from spreading.  

What is a staph skin infection? 

Staph bacteria are often found in the noses and on the skin of people. Most of the time 
staph carried in the nose or on the skin does not cause infection and when it does, it 
usually causes minor infections, such as boils or abscesses. However, sometimes staph 
can cause more serious infections such as pneumonia, joint, and bloodstream infections. 
Staph infections often begin when staph bacteria enter the body through an injury to the 
skin. Symptoms of a staph skin infection include redness, warmth, swelling, tenderness of 
the skin, and boils or blisters. 

How do staph skin infections spread? 

The cleanest person can get a staph infection. Staph can rub off the skin of an infected 
person and onto the skin of another person when they have prolonged skin-to-skin 
contact. Staph from an infected person can also get onto a commonly shared item or 
surface, and then get onto the skin of the person who touches it next. Examples of 
commonly shared items are towels, soap, clothes, benches in saunas or hot tubs, and 
athletic equipment - in other words, anything that could have touched the skin of a staph 
infected person can carry the bacteria to the skin of another person. 

How can I prevent myself from getting infected?  
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Wash your hands and skin often. Avoid prolonged skin-to-skin contact with anyone you 
suspect could have a staph skin infection. Do not share personal items (e.g. razors, 
towels, etc.) with other persons and keep your towels and clothes clean. 

What should I do if I think I have a staph skin infection?  

If you suspect that you might have a staph skin infection, consult your healthcare 
provider as soon as possible. Early treatment can help prevent the infection from getting 
worse. Be sure to follow all the directions your healthcare provider gives you, even when 
you start to feel better. If you are prescribed antibiotics, finish all of the doses because 
incomplete treatment of staph infections can lead to antibiotic-resistant bacteria. 

If my health care provider has told me that I have an antibiotic-resistant staph 
(MRSA) skin infection, what can I do to keep others from getting infected?  

Take the following steps to prevent the spread of antibiotic-resistant staph skin infection 
to others:  

1. Keep the infected area covered with clean, dry bandages. Pus or drainage from infected 
wounds is very infectious.  

2. Wash your hands frequently with soap and warm water, especially after changing your 
bandages or touching the infected skin. Throw used dressings away promptly.  

3. Regularly clean your bathroom and personal items. Wash soiled towels, bedding and 
clothes with hot water and bleach, when possible. Drying bedding and clothes in a hot 
dryer, rather than air-drying also helps kill bacteria.  

4. Tell any healthcare providers who treat you that you have a history of an antibiotic-
resistant staph (MRSA) skin infection.  

5. Do not share razors, towels or similar items with others.  

History  

 Community-associated (CA) MRSA infections were first recognized in the 1980s.  
 Persons with CA-MRSA infections are typically younger and healthier than 

persons with healthcare-associated MRSA.  
 CA-MRSA bacteria are usually susceptible to more types of antibiotics than are 

healthcare-associated strains of MRSA.  

Transmission 

 Traditionally MRSA infections have been associated with hospitalization or other 
healthcare-associated risk factors, but in recent years physicians and other 
healthcare providers have observed an increasing number of people with MRSA 
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infections who lack traditional healthcare-associated risk factors. These people 
appear to have community-associated infections.  

 

 

Common Causes 

 CA-MRSA infections can cause the same type of infections as other strains of 
staph. Studies conducted in Minnesota have found that CA-MRSA is more likely 
to cause skin and soft tissue infections and that healthcare-associated MRSA is 
more likely to be found in sputum or urine.  

 

Signs and symptoms of infection  

 Most infections caused by Staphylococcus aureus are skin and soft tissue 
infections such as abscesses or cellulitis.  

Abscess 

 Pocket of infection that forms at the site of injury.  
 Usually filled with pus.  
 Area surrounding the abscess is usually red, painful and swollen and the skin 

surrounding the abscess can feel warm to the touch.  

Cellulitis 

 An infection of the underlying layers of the skin.  
 Usually results from a scrape or cut in the skin which allows bacteria to enter, 

although no injury may be apparent.  
 Cellulitis can occur anywhere in the body, but most often occurs on the legs or 

arms.  
 Symptoms include redness, swelling, and pain at the site of infection.  

S. aureus can also cause serious infections such as pneumonia (infection of the lungs) or 
bacteremia (bloodstream infection). Symptoms of these infections include: difficulty 
breathing, malaise, fever, or chills. 

Duration of illness 

 Some people can be colonized with S. aureus and never get an infection. For 
those people who do get an infection, the time from exposure to development of 
disease can be from days to years.  
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 Many common skin infections caused by S. aureus will heal without medical 
treatment. However, some skin infections will require incision and drainage of the 
infected site and some infections may require antibiotics.  

 Most skin infections will heal within a few weeks, but more serious skin 
infections can take longer to heal if treatment is delayed or if ineffective treatment 
is given.  

 More serious types of S. aureus infections (such as pneumonia or bloodstream 
infections) typically require hospitalization and treatment with intravenous 
antibiotics.  

Complications 

 There is a possibility for longer lasting or more severe infections with CA-MRSA 
if the initial antibiotic prescribed is not capable of killing the bacteria.  

 Most skin infections resolve without treatment, however, some infections require 
incision and drainage or antibiotic treatment to cure the infection.  

 Skin infections that are left untreated can develop into more serious life-
threatening infections such as infections of the bone or blood.  

 Some people experience repeated infections with S. aureus. Diagnosis and 
Treatment of CA-MRSA  

CA-MRSA is a methicillin-resistant Staphylococcus aureus infection. Much of diagnosis, 
treatment, and care of infection are the same as for Staphylococcus aureus.  

Diagnosis  

 Obtaining a culture from the infected area is especially important in CA-MRSA 
infections because laboratory tests can be conducted to determine which 
antibiotics will kill the bacteria.  

 Definitive diagnosis of S. aureus infection is made by obtaining a culture from the 
area of suspected infection.  

 Suspect diagnosis is based on patient symptoms and the healthcare provider’s 
evaluation.  

Treatment 

 Some skin infections do not require treatment, but others require incision and 
drainage of the infected site and/or antibiotic treatment.  

 If your doctor or healthcare provider prescribes antibiotics, it is important that you 
take all the doses that are prescribed.  

 If your infection does not get better after treatment, contact your healthcare 
provider.  

 

Care of infections 
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 Keep the infected area covered with clean, dry bandages. Pus or drainage from 
wounds is very infectious.  

 Clean your hands frequently with an antibacterial soap and water or an alcohol-
based hand rub, especially after changing your bandages or touching the drainage. 
Throw used dressings away promptly.  

 

 

 

How to prevent transmission of MRSA in the open community 

In the past 20 to 30 years, methicillin-resistant Staphylococcus aureus (MRSA) strains 
have been present in hospitals and have become a major cause of hospital-acquired 
infection. Methicillin resistance rates of S. aureus vary considerably between countries, 
with a high prevalence in the United States, and southern Europe (> 20%) and a low 
prevalence in northern Europe (< or = 5%). Community-acquired MRSA emerged 
worldwide in the late 1990s. There has been great confusion in the literature between 
healthcare-associated MRSA infections occurring in the community in patients who are 
at risk of acquiring hospital MRSA (such as those with past history of hospital admission, 
immunocompromised status, etc.), and true CA-MRSA infections due to strains that are 
present in the community only.  

Demographic characteristics of hospital-acquired (HA-)MRSA infections differ from 
those of CA-MRSA, the former occurring mainly in elderly people and the latter 
occurring in young people. HA-MRSA infections are particularly associated with surgical 
wounds or intravenous indwelling catheters. CA-MRSA infections are mainly primary 
skin and soft tissue infections occurring in patients with no initial skin wounds. The 
Panton-Valentine leukocidin (PVL) produced by CA-MRSA strains all over the world 
represents, with its necrotic activity, one of the virulence factors possibly associated with 
cutaneous tissue destruction. The necrotic activity of PVL seems to be the major factor 
behind dramatic cases of necrotising pneumonia, leading to massive alveolar septa 
destruction; the mortality rate is 75%. 

These PVL-positive CA-MRSA are easily transmissible not only within families but also 
on a larger scale in community settings such as prisons, schools and sport teams. Skin-to-
skin contact involving no abrasion and indirect contact with contaminated objects such as 
towels, sheets, and sport equipment seem to represent the mode of transmission. The skin 
infection often has the initial appearance of an insect bite. In the US, infected prisoners 
were thought to have been bitten by spiders, and in our institution, a skillful technician 
who had been working for several years with PVL positive CA-MRSA thought she had 
been bitten by a mosquito before developing a large forearm skin abscess which required 
surgical treatment.  
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The exact prevalence of CA-MRSA is still unknown, as the isolated strains have mainly 
been taken from patients requiring admission to hospital. These isolates collected at 
hospitals certainly represent the tip of the iceberg of the entire population of the CA-RSA 
spreading in each continent. The most prevalent clone of CA-MRSA strains, assigned to 
the multilocus sequence type 0 (ST 80), have been detected in several European 
countries, demonstrating its epidemicpotential.. It has been detected in rance, 
Switzerland, Germany, Greece and also the Nordic countries that were initially protected 
from the HA-MRSA invasion. Another clone (ST30), initially described in Australasia is 
reported in this issue of Eurosurveillance to have spread both in the Netherlands and in 
Latvia, demonstrating the intercontinental spread of this clone. Similarly the ST8 and 
ST59 clones, initially described in the US, have been reported in the Netherlands by 
Wannet et al. The small-sized SCCmec type IV element uniformly present in CA-MRSA 
reported so far is no longer a universal feature of CA-MRSA, as Wannet et al report the 
presence of SCCmec type I and III in some of their strains. 

Although MRSA has been described for decades in hospital settings, these strains never 
previously appeared to represent a threat to the community. Currently, the threat appears 
to be that strains that first emerged in the community will spread further within the 
community, and may potentially spread to hospitals too. Will all S. aureus strains 
progressively become resistant to methicillin?  

The first priority is to set up and implement adequate prevention measures to reduce or 
limit the spreading of these strains. In past outbreaks when cases of skin and soft tissue 
infections have been observed in a close-living community of patients, conventional 
therapeutic and infection control measures have proven successful in curing the infected 
patients and controlling the outbreak. The main question now is how to prevent 
transmission of these strains in the open community. 

 

How to prevent 'super-bug' infections 
 
   By Michael Woods 
   The Toledo Blade 

"Super bugs" – bacteria that laugh at common antibiotics – once caused problems mainly 
in hospitals, nursing homes and dialysis centers. These antibiotic-resistant bacteria 
emerged in health-care settings, where patients get a lot of antibiotics and often have 
weakened immune systems that let infections spread easily. 

Ordinary bacteria mutated into forms that could survive despite heavy doses of penicillin, 
amoxicillin and other familiar drugs. Now a new form of these bacteria is infecting 
children and adults in the community outside health care facilities. People who have not 
been hospitalized are getting infected with the new super bug. 

The infections sometimes get mistaken for skin rashes, spider bites and skin allergies. 
That can delay correct treatment and let the infection get worse. With the number of cases 
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increasing, it's important to know about preventing, recognizing and treating these 
infections. 

 First, some background: 

Super bugs are a form of staphylococcus aureus, or "staph," that lives on the skin and in 
the nose. It is one of the most common causes of pimples, boils and other skin infections. 
Staph bacteria also cause serious infections, such as surgical wound infections, "blood 
poisoning" and pneumonia.  

Some types of staph bacteria are resistant to common antibiotics. One kind is resistant to 
methicillin and a family of related antibiotics that includes penicillin, oxacillin and 
amoxicillin. Medical people call these bacteria methicillin-resistant staphylococcus 
aureus (MRSA). 

The new mutants MRSAs, which cause infections in the community, are community-
associated MRSA, or CA-MRSA. You'll be seeing those terms in the future, as the 
problem spreads. CA-MRSA didn't exist a few years ago. By 2003, however, it accounted 
for about 12 percent of staph infections bad enough for testing. In some areas today, it 
accounts for almost 50 percent. 

The biggest risk of getting CA-MRSA exists in places where people are crowded, have 
skin-to-skin contact, share contaminated items (like towels or razors), and may not keep 
themselves clean. Cuts, scrapes and other openings in the skin increase the risk. 

Outbreaks have occurred among high school and college athletes, children in day-care 
centers and schools, military recruits, and in health clubs and prisons. CA-MRSA skin 
infections may look like pimples, boils or insect bites. They are red, painful, swollen 
spots that may have pus or other drainage. Most are mild. If the infection spreads, 
however, it can be serious. 

If you think you may have CA-MRSA, check with the doctor. CA-MRSA can be treated 
by draining the infection or with special antibiotics. If an infection does not get better 
after a few days of antibiotic, check with the doctor. It may need a different antibiotic. 

Prevention is common sense. Don't share towels, razors, uniforms, pillows, bed sheets or 
other personal items that may have been soiled by a person with CA-MRS. Wash your 
hands often, especially after touching other people or objects they touched. Keep cuts and 
scratches covered with a bandage so they can't get or spread CA-MRS. 

MRSA AT THE INTERNATIONAL LEVEL 

Community-associated methicillin-resistant Staphylococcus aureus infections in 
Pacific Islanders—Hawaii, 2001-2003 

Morbidity and Mortality Weekly Report,  August 27, 2004 
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Methicillin-resistant Staphylococcus aureus (MRSA) is emerging as a cause of skin and 
soft-tissue infections in persons who have little of no contact with health-care settings. 
The majority of these infections are mild, involving skin and soft tissue; however, 
certain cases can progress to invasive tissue infections, bacteremia, and death (1). 
Transmission of MRSA has been reported most frequently in certain populations (e.g., 
children, sports participants, or jail inmates).  Persons in the American Indian or Alaska 
Native population in the United States and aboriginals and Pacific Islanders (PIs) in 
Australia have high rates of MRSA colonization and infection.  In 2003, clinicians 
reported an increased number of skin abscesses caused by MRSA among patients 
examined in ambulatory care settings. This report summarizes the findings of a 
retrospective study of community-associated MRSA (CA-MRSA) infections in Hawaii 
that identified a higher proportion of cases among PIs than were identified among 
Asians, compared with their respective proportions in the Hawaii population. Efforts to 
prevent CA-MRSA in Hawaii should focus on identifying factors causing the 
disproportionate number of infections among PIs. 

Four health-care facilities in Hawaii were selected for the study: a pediatric and 
women's center, a private urban clinic, a county urban hospital, and a rural community 
hospital. Patients with MRSA isolated during the study period were identified, and 
chart abstraction was performed for those patients who had illness consistent with the 
CA-MRSA case definition. Chart information on race was self-reported. Race 
categories included white, black, Asian, multiracial non-PI, and PI (i.e., Native 
Hawaiians and persons of Polynesian, Micronesian, and Melanesian ancestry). The 
category PI also was used for persons who were PI in addition to another race. Data 
from the 2001 Hawaii Health Survey, Hawaii State Department of Health, and 2002 
hospital data from the pediatric and women's center were used for population 
comparisons. 

During July 2001-June 2003, MRSA was recovered from 1,389 patients in the four 
study facilities, of whom 389 (28%) had illness consistent with the case definition for 
CA-MRSA infection; 346 (89%) of these patients had racial/ethnic data recorded on 
their charts. PIs accounted for 51% (178 of 346) of the CA-MRSA patients, compared 
with 24% (278,607 of 1,175,595) of the total population of Hawaii in 2001 (p<0.01). In 
the pediatric and women's center alone, PIs accounted for 76% (90 of 118) of CA-
MRSA patients, compared with 35% (17,088 of 48,912) of the patients served in this 
facility in 2002 (p<0.01). In contrast, Asians accounted for 16% (54 of 346) of all 
patients with CA-MRSA, compared with 32% (374,776 of 1,175,595) of the 2001 
Hawaii population (p<0.01). In the pediatric and women's center alone, Asians 
constituted 10% (12 of 118) of CA-MRSA patients, compared with 36% (17,648 of 
48,912) of the patients examined in 2002 (p<0.01). Among all CA-MRSA patients, 211 
(61%) were male; median age was 18.5 years (range: 0-87 years) for PIs and 32 years 
(range: 0-93 years) for other races (p<0.01). Of 321 patients who received antimicrobial 
therapy, 215 (67%) were treated with an antimicrobial agent to which S. aureus was 
resistant. Adult PIs (i.e., aged [greater than or equal to] 19 years) had diabetes mellitus 
more often than adults of other races (27% versus 12%; p<0.05) and reported 
intravenous drug use less often (1% versus 8%; p<0.05). 
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Among patients with CA-MRSA, adult PIs had skin and soft tissue infections more 
often than adults of other races (98% [87 of 89] versus 85% [119 of 140]; p<0.05). The 
majority of skin infections in PIs consisted of abscesses (71% [126 of 178]) and/or 
cellulitis (41% [73 of 178]). Other skin infections were wounds/ulcers (six), impetigo 
(four), and folliculitis (three). Of the PIs with skin infections, 11 had concurrent 
illnesses (e.g., deep soft-tissue infections, bacteremia, bursitis, osteomyelitis, and 
pneumonia). Among the 28 patients who did not have skin infections, pneumonia was 
the most frequent presentation (five PIs and seven others). 

Despite differences in clinical presentation, the proportion of patients hospitalized and 
the types of therapies received were similar for PIs and patients of other races when 
stratified by age group. The majority of patients received antimicrobials to treat MRSA 
infection (98% [174 of 177] among PIs and 96% [156 of 163] among other races). 
Among adults, surgery, mostly incision and drainage of abscesses, was performed o11 
62% (54 of 87) of PIs and 57% (73 of 129) of patients of other races. Among persons 
aged < 19 years, surgery was performed on 64% (56 of 88) of PIs and 72% (18 of 25) 
of patients of other races. 

Editorial Note: In 2000, PIs, alone or in combination with other races, made up only 
0.3% (874,000) of the total U.S. population. However, in Hawaii, the state with the 
largest PI population, 23% of the population was PI in 2001 and 32% was Asian. 
Historically, PIs have been grouped with persons of Asian origin for demographic 
purposes; however, these two populations might differ in health status and risk factors 
for infectious and noninfectious diseases. This report documents that the number of 
CA-MRSA infections in Hawaii is disproportionately greater among PIs than among 
Asians. Clinical presentation as skin and soft-tissue infection also was more frequent 
among PIs than among patients of other races. 

Several factors might contribute to higher rates of CA-MRSA among PIs. In Australia, 
Hawaii, and New Zealand, PIs have higher reported rates of infections by S. aureus, 
group A streptococcus, and Neisseria meningitidis than persons of other races. 
Geographic isolation might have facilitated transmission of genetic traits conferring 
differences in immune function; however, little has been reported on specific 
immunologic differences among PIs. 

 Alternatively, environmental factors such as home overcrowding, inadequate access to 
appropriate sanitation, and limited access to health care also might contribute to a 
higher rate of bacterial infections, especially skin infections. Because of the limited 
information recorded in medical charts, presence of these risk factors could not be 
assessed in this study. However, in the 1990 Census, persons who self-identified as PIs 
had larger families, a lower proportion of college graduates, and higher poverty rates, 
compared with persons who self-identified as Asian/PIs and the overall national 
average. Cultural and language barriers, limited access to health care, and lack of 
prevention and education programs also are known to contribute to poorer health 
among PIs. 
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In this study, investigators also observed a higher proportion of diabetes mellitus 
among PIs with CA-MRSA infections. Persons with diabetes and obesity are at risk for 
skin and soft-tissue infections, which can require multiple and/or prolonged courses of 
antibiotics, making them more susceptible to infections with antimicrobial-resistant 
strains. 

The findings in this report are subject to at least one limitation. The PIs identified as 
CA-MRSA patients from the four facilities in this study might not be representative of 
the total PI population in Hawaii in terms of health-risk factors. This might have 
widened the disparity between the percentage of CA-MRSA cases accounted for by PIs 
and the percentage of PIs in the general state population. However, PI patients at the 
pediatric women's center also were compared with the center's patient census. This 
comparison revealed similar disproportionate prevalence of CA-MRSA infections in 
PIs, compared with Asians and the total patient census. 

Prospective studies are needed to identify specific risk factors for, and targeting 
measures to prevent, MRSA acquisition and transmission among PIs. General strategies 
to prevent and control CA-MRSA infections include 1) encouraging clinicians to 
culture suspect lesions and provide targeted antimicrobial and surgical therapy, 2) 
maintaining appropriate infection-control precautions during wound care of patients 
with skin infections at outpatient health-care facilities, and 3) providing patients and 
families with simple instructions to prevent transmission of skin infections to family 
members and other contacts, such as education on appropriate wound management, 
hand and body hygiene, and limiting sharing of potentially contaminated items. 
Additional information about CA-MRSA is available at: 
http://www.cdc.gov/ncidod/hip/ aresist/mrsa_commfaq.htm. 

 

The Emergence of Methicillin-Resistant Staphylococcus Aureus as a Community-
Acquired Pathogen in Canada 

John M Conly MD, B Lynn Johnston MD 

The majority of strains of Staphylococcus aureus encountered in the community setting 
are sensitive to methicillin, with methicillin-resistant S aureus (MRSA) encountered most 
frequently in the hospital setting. However, there has been a significant increase in the 
occurrence of infections caused by community-acquired methicillin-resistant S aureus 
(CA-MRSA) in different areas of the world during the last 10 years. In light of this, it 
was considered timely to review the steadily increasing reports of CA-MRSA and 
examine the threat of this newly emerging pathogen and its consequences from a 
Canadian perspective. The emergence of CA-MRSA is a recent phenomenon, raising 
considerable concern because this type of S aureus would cause infections difficult to 
treat in the outpatient setting and would markedly increase the need for vancomycin 
hydrochloride therapy. 
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Staphylococci are amongst the hardiest of the nonspore forming bacteria and can survive 
significant adverse environmental conditions. They can be easily cultured from 
desiccated clinical material, even after several months, are relatively heat-resistant and 
can tolerate high salt concentrations. S aureus is one of the most prevalent of this genus 
and has been a recognized pathogen in humans for centuries. The natural history of 
colonization of this bacterium with respect to the life cycle of humans is remarkable. 
Shortly after birth, many neonates become colonized through human or inanimate 
contact, often on the skin, umbilical stump or gastrointestinal tract. As the years progress, 
children and adults become colonized and can become carriers – either intermittent or 
chronic. The usual reservoir is the anterior nares, although other sites such as the groin, 
axillae and perineal area have been described as well.  

Approximately 20% to 40% of the adult population may be colonized at any given time, 
depending on a number of local and epidemiological factors. On an individual basis, 
about 30% of the adult population will be chronic carriers, 50% will be intermittent 
carriers and another 20% do not seem to become colonized. If the mucous membranes or 
the skin barrier are breached from trauma or surgical intervention, S aureus may enter the 
soft tissues and establish an invasive infection. Given this background and the virtual 
absence of a non-human reservoir, it is readily apparent why S aureus continues to be a 
major human pathogen that infects both healthy hosts in the community setting as well as 
compromised hosts in the hospital setting.  

Methicillin resistance is chromosomal in origin and is conferred by a specific penicillin-
binding protein (PBP) called PBP 2' (or PBP 2a) that possesses reduced affinities for 
binding to b-lactam antibiotics. PBP 2' is encoded by the mecA gene, which is carried by 
a large mobile genetic element that is integrated on the chromosomes of MRSA strains, 
designated staphylococcal cassette chromosome mec (SCCmec). Most MRSA infections 
are acquired nosocomially and most strains of MRSA are resistant to multiple antibiotics, 
including clindamycin hydrochloride, erythromycin, trimethoprim/sulfamethoxazole and 
the tetracylines.  

In the late 1960s and early 1970s, the prevalence of MRSA was less than 5% in most 
hospital settings worldwide. A decade later, the prevalence had increased to as high as 
40% in many hospitals in the United States and Europe. The first MRSA isolate was 
reported in Canada in 1981, since this time, it has been reported in both acute care and 
long term care facilities. Recent data from the Canadian Nosocomial Infection 
Surveillance Program (CNISP) (a collaborative effort between the Laboratory Centre for 
Disease Control, Health Canada and the Canadian Hospital Epidemiology Committee, 
which is a subcommittee of the Canadian Infectious Diseases Society), has revealed that 
the proportion of S aureus isolates that are resistant to methicillin reported in the 
respective microbiology laboratories has increased from 0.95 per 100 isolates (0.46 per 
1000 admissions) in 1995 to 3.8 per 100 isolates (1.67 per 1000 admissions) in 1997, to 
5.97 per 100 isolates (4.12 per 1000 admissions) in 1999, and to 8.1 per 100 isolates (5.3 
per 1000 admissions) in 2000 (13). The occurrence of MRSA varied across the country: 
26% were from Western Canada, 70% were from Central Canada and 4% were from 
Eastern Canada.  
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A significant increase in the occurrence of infections caused by CA-MRSA among 
groups of patients with no apparent connection to hospitals has been reported in different 
areas of the world during the past 10 years. In 2001, Chambers reviewed the published 
reports of MRSA colonization and infection among individuals who lacked traditional 
risk factors. Conducting a Medline search for the period of 1976 through 1990, he 
identified 10 articles in which the key words ‘methicillin-resistant Staphylococcus 
aureus’ and ‘community’ appeared in the title. By contrast, for the period of 1991 
through 1999, he identified 39 articles, 21 of which were published from 1996 through 
1999. Since 1999, there has been an exponential increase in these reports from around the 
world. Some of the countries that have reported cases to date include Australia, New 
Zealand, the United Kingdom, Canada and the United States. 

In early reports, community isolates of MRSA had affected persons with known risk 
factors for colonization, including contact with health care facilities, a history of recent 
hospitalization, and close contact with a person who had been hospitalized or previous 
usage of antimicrobial therapy. In the 1980 to 1981 outbreak of community-acquired 
MRSA infections in Detroit, approximately two-thirds of the patients affected were 
injection drug users. Recent hospitalization, defined as within four months (which may 
not have been long enough, given that hospital-acquired MRSA colonization may last 
years), was not a predictor of MRSA infection in drug users.  

The source of the Detroit outbreak was not definitively identified, but frequent needle 
sharing was speculated to be the mode of transmission. In turn, patients (and probably 
health care workers who become colonized with MRSA as a consequence of their 
exposure to colonized patients) in a hospital or other health care setting, can then transmit 
MRSA strains to close associates and family members by direct contact. A recent study 
of two daycare centres in Dallas, Texas, each of which had an index case of MRSA 
infection, revealed that 3% and 24% of children in the respective centres were colonized.  

Of the children colonized, 40% had had no contact with a healthcare facility or a 
household member who had been hospitalized within the two years leading up to 
colonization, which suggests that sustained transmission and colonization of MRSA in 
children were occurring in the community. Another study from Chicago found a 25-fold 
increase in the number of children admitted to the hospital with MRSA infection who 
lacked an identifiable risk factor for prior colonization. These MRSA strains, presumably 
transmitted and acquired in a community setting, were susceptible to multiple antibiotics, 
in contrast to the hospital-acquired strains, which were multiply antibiotic resistant.  

In 1999, the Centers for Disease Control and Prevention reported the deaths of four 
children in apparently unrelated cases of infection with virulent CA-MRSA in Minnesota 
and North Dakota. The cases of CA-MRSA infection in the children from Minnesota and 
North Dakota were alarming in that these children also had none of the risk factors 
commonly associated with MRSA and the infections were extremely virulent. The strains 
isolated from these four children were resistant to all of the b-lactams but susceptible to 
gentamicin sulfate, erythromycin, clindamycin hydrochloride and vancomycin 
hydrochloride.  
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The deaths of these children, caused by CA-MRSA strains, focused attention on the 
threat of latent dissemination of highly virulent CA-MRSA strains in the community 
setting. Among children in the United States, the sites most frequently reported to be 
affected have been skin and soft tissues. Recent data, however, suggest that CA-MRSA 
may be becoming a more common cause of infection in other sites, including the external 
and middle ear. A recent study describing the spectrum of disease in children with CA-
MRSA in south Texas reported otitis externa among patients without identifiable risk 
factors for infection with this organism. 

Recent studies have identified a novel genetic element, designated SCCmec type IV, in 
CA-MRSA isolates. It differs from other types of SCCmec in that it is very small and 
does not have multiple antibiotic resistance determinants. This methicillin resistance 
cassette has been found in isolates from diverse geographic locations, including Chicago, 
New Jersey, New York City, Japan and France. The relatively small size of SCCmec type 
IV suggests that it may spread easily among S aureus isolates. The recombinases are wild 
type in the type IV SCCmec, possibly explaining its apparent movement. SCCmec type 
IV has also been found in at least four different genomic backgrounds, suggesting a 
relative ease of transfer compared to types I, II and III. Its spread also appears to be 
clonal, as exhibited by a common pulsed-field gel electrophoresis pattern.  

Infections with these isolates have ranged from overwhelming sepsis to necrotizing 
pneumonia to skin and soft tissue infections; the SCCmec type IV element is not in itself 
a virulence factor. Baba and colleagues have recently sequenced the entire genome of one 
CA-MRSA isolate obtained from North Dakota in 1998. The sequence analysis identified 
a type IVa SCCmec element and 19 virulence genes, including entertoxins C and H and 
the Panton-Valentine leukocidin (pvl) gene. In addition, high levels of enterotoxin B and 
C production have been demonstrated from a recent analysis of CA-MRSA strains, which 
together with toxic shock syndrome toxin-1 cause nearly all of the staphylococcal toxic 
shock syndrome cases. In addition to the enterotoxins C and H, the pvl gene, which is 
normally present in only 2% to 3% of all S aureus isolates and is associated with severe 
necrotizing soft tissue infections and necrotizing pneumonia, has been found in an 
increasing number of CA-MRSA strains with type IVa SCCmec. 

The first report of community acquired MRSA in Canada was in 1990, when Taylor and 
colleagues reported a multistrain cluster of MRSA from a First Nations community in 
central Alberta. The authors thought that the MRSA was a hospital-acquired strain that 
had spread through the community, with transmission facilitated by overcrowding and 
poor living conditions. Embil and colleagues reported an association of community-
acquired MRSA from Western Canada that was associated with rural residence, younger 
age and First Nations people. These two studies called attention to the potential 
endemicity of CA-MRSA in First Nations communities in Canada and were reviewed 
recently in this Journal. A small cluster of 15 CA-MRSA infections, predominantly of 
the soft tissues, was reported from a small rural village in southern Manitoba and was 
relatively drug susceptible. There are several other anecdotal reports of severe soft tissue 
infections from CA-MRSA arising in Western Canada (author’s unpublished 
observations), and it is possible that the overall prevalence of this emerging pathogen has 
been underestimated. 
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The emergence of CA-MRSA has the potential to be a major threat with serious 
implications for the epidemiology of and therapy for S aureus infections. While particular 
vigilance is required in the First Nations populations in Canada, there is also a need to 
begin surveillance for these strains in all Canadian populations. If the number of 
infections with CA-MRSA isolates increases significantly, physicians may need to 
change their treatment of presumptive S aureus infections, relying on clindamycin 
hydrochloride and vancomycin hydrochloride instead of on the b-lactams 

 

 
30,000 may have caught new MRSA strain in UK 

CRAIG BROWN-Scotsmannews.com 

Key points 
• Number of new MRSA strain infections grow as organisms resists treatment 
• Community Acquired MRSA can be caught in sports clubs and gyms 
• Organizations to launch first national MRSA screening programme this year 

Key quote 
"Usually these things will cause a boil or abscess on the skin but go no further, but 
there have been a few cases where people have got a type of pneumonia which has a 
mortality rate of about 75 per cent" - Dr Donald Morrison, clinical scientist at Stobhill 
hospital 

 

Regarding the “super bug” here is some in-depth information: 

What is MRSA? 

The organism Staphylococcus aureus is found on many individuals skin and seems to 
cause no major problems. However if it gets inside the body, for instance under the skin 
or into the lungs, it can cause important infections such as boils or pneumonia. 
Individuals who carry this organism are usually totally healthy, have no problems 
whatever and are considered simply to be carriers of the organism. 

The term MRSA or methicillin resistant Staphylococcus aureus is used to describe those 
examples of this organism that are resistant to commonly used antibiotics. Methicillin 
was an antibiotic used many years ago to treat patients with Staphylococcus aureus 
infections. It is now no longer used except as a means of identifying this particular type 
of antibiotic resistance. 

Individuals can become carriers of MRSA in the same way that they can become a 
carrier of ordinary Staphylococcus aureus which is by physical contact with the 
organism. If the organism is on the skin then it can be passed around by physical contact. 
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If the organism is in the nose or is associated with the lungs rather than the skin then it 
may be passed around by droplet spread from the mouth and nose. We can find out if and 
where Staphylococcus aureus is located on a patient by taking various samples, sending 
them to the laboratory and growing the organism. Tests done on any Staphylococcus 
aureus grown from such specimens can then decide how sensitive the organisms is to 
antibiotics and if it is a methicillin resistant (MRSA) organism. These tests usually take 
2-3 days. 

Why bother with MRSA? 

MRSA organisms are often associated with patients in hospitals but can also be found on 
patients not in a hospital. Usually it is not necessary to do anything about MRSA 
organisms. However if MRSA organisms are passed on to someone who is already ill, 
then a more serious infection may occur in that individual. When patients with MRSA are 
discovered in a hospital, the hospital will usually try to prevent it from passing around to 
other patients. This is known as infection control. 

 How do we prevent the spread of MRSA? 

Measures to prevent the spread of organisms from one person to another are called 
isolation or infection control. The type of infection control or isolation required for any 
patient depends on the organism, where the organisms are found on an individual and the 
patient. 

The most important type of isolation required for MRSA is what is called Contact 
Isolation. This type of isolation requires everyone in contact with the patient to be very 
careful about hand washing after touching either the patient or anything in contact with 
the patient. If the organism is in the nose or lungs it may also be necessary to have the 
patient in a room to prevent spread to others by droplet spread. Because dust and surfaces 
can become contaminated with the organism, cleaning of surfaces are also important. 
This usually occurs after the patient leaves the hospital.  

If a number of patients are infected with the same organism it is possible to nurse them in 
the same area. On occasions for the sake of other patients it may be necessary to move 
carriers of MRSA to an isolation unit such as ours which specializes in isolating all types 
of infections to protect other persons. The medical care of such patients will continue in 
an isolation unit which are well used to caring for all types of medical and surgical 
problems associated with infections. 

 What do visitors need to do? 

Provided relatives and friends of patients with MRSA are healthy there is no restriction 
on visiting and it carries no risk. Visitors are not required to wear special clothing BUT 
we would ask you to help us prevent this organism spreading around our hospital by 
keeping the patients' door closed at all times and always washing your hands whenever 
you leave the room. 



 

 
 

28

What about MRSA at home? 

In patients who are otherwise well the organisms often disappear once the patient leaves 
the hospital. Sometimes they do not however, and this may mean that when a patient has 
to go back into hospital the isolation precautions need to be used again. Provided 
everyone at home is healthy special precautions are not required at home. 

 What can be done about MRSA? 

In certain situations it may be a good idea to try to get rid of the organism from a patient 
and this can be done with various creams and shampoos or on occasion combinations of 
antibiotics taken by mouth or by injection depending on the health of the patient. 

The number of people carrying the recently discovered Community Acquired MRSA 
(CA-MRSA), which can be contracted in sports clubs and gyms, is said to have exploded 
due to widespread use of antibiotics rendering them resistant to treatment.  

Community acquired MRSA  

There has been recent media interest in community acquired MRSA (C-MRSA) but the 
Health Protection Agency are unaware of any link to gyms or health clubs. Over the past 
three years, the Agency has identified approximately 100 cases of C-MRSA in the UK, 
and one patient has unfortunately died. These cases have been acquired within the 
community. 

Community acquired MRSA (C-MRSA) are defined as MRSA occurring in a healthy 
person who we would not normally expect to acquire MRSA; for example, a person who 
hasn't been recently hospitalized or undergone surgical procedures or prolonged 
antibiotic treatment. The bacteria can cause skin and soft tissue infections, such as 
abscesses or cellulitis, and more rarely pneumonias and bloodstream infections. In many 
ways, C-MRSA is different from current hospital MRSA. C-MRSA are also more 
sensitive to antibiotic treatment, which means that there is a wider choice of antibiotic 
treatment options for C-MRSA compared with hospital-acquired MRSA.  
 
So far, most of the UK cases identified have been seen in injecting drug users. Several 
other countries have encountered more serious problems with C-MRSA. Risk factors in 
these countries have included gay massage parlours and close-contact sports such as 
rugby or wrestling. In these situations, skin abrasions are common, so leaving the person 
more prone to contracting C-MRSA. Other risk groups in the US have included 
individuals who have stayed in jails and there have been infections described in children. 
In some countries these strains have also been seen in hospitals. 

Simple preventative measures, such as good hand hygiene, applying antiseptics and 
covering cuts and abrasions with plasters, are the most effective ways of preventing the 
spread of any organism causing skin infections. However, it's important to note that the 
Agency has only seen a small number of C-MRSA cases over the past three years, and 
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that the risk of contracting this type of MRSA in the community remains extremely 
small. 

MRSA is a form of the bacterium Staphylococcus aureus, which is resistant to 
methicillin, an antibiotic commonly used in its treatment. Staphylococcus aureus is a 
bacterium that lives completely harmlessly on the skin and in the nose of about one third 
of normal healthy people but which can cause infections when it gets the opportunity to 
enter the body, for example through wounds in the skin. 

More than 150 cases have already been discovered in Scotland. Later this year, 
researchers from the MRSA Reference Laboratory will link up with Health Protection 
Scotland to launch the first national screening programme to discover the extent of the 
new MRSA threat in Scotland.  

Dr Donald Morrison, a clinical scientist at Glasgow’s Stobhill hospital, who is set to 
carry out tests on around 1,000 patients, believes the community strain is responsible for 
two per cent of all Staphylococcus aureus infections, equivalent to around 30,000 cases.  

He said: "We are expecting to see a prevalence of 1 to 2 per cent. However, it could be 
higher. Usually these things will cause a boil or abscess on the skin but go no further, but 
there have been a few cases where people have got a type of pneumonia which has a 
mortality rate of about 75 per cent."  

However, Dr Ron Cutler, an MRSA expert at the University of East London, counseled 
care in overstating the problem. He said: "The problem that we face is differentiating 
between those who have CA-MRSA and those who have contracted MRSA following a 
visit to a hospital.  

"The latest strains - which have come from the United States - tend to be more virulent, 
but tend to affect soft tissues. CA-MRSA also tends to be less antibiotic resistant.  

"When a doctor comes across an infected cut that seems out of the ordinary, they should 
send it to a laboratory immediately. They should be able to confirm the type of infection 
and possible treatments."  

Adding that he would have to see the data on which Dr Morrison based his research in 
order to make an informed comment, Dr Cutler said that it was important that CA-MRSA 
was not allowed to spread unchecked: "While there is a lot of hype about CA-MRSA, I 
think it’s definitely worth keeping an eye on it. I think a screening programme and 
stressing the need for hygiene, hygiene, and hygiene are both extremely important 
factors."  

The figures for CA-MRSA coincide with a survey released today which says that "patient 
safety is not as good as it could be". Compiled by the Patients’ Association, the report on 
hospital-acquired infections reveals that almost a quarter of nursing and hospital staff 
surveyed has problems with the cleanliness of medical equipment.  



 

 
 

30

They found "on-going fears" among health professionals about the "overall cleanliness of 
medical devices" after decontamination, with about a tenth encountering difficulties with 
5 per cent of instruments after cleaning. 

 

Community-Acquired Methicillin-Resistant Staphylococcus aureus and Other 
Drug-Resistant Pathogens 
John G. Bartlett, MD 

Community-Acquired Methicillin-Resistant Staphylococcus aureus 

This organism clearly emerged as the topic of greatest interest in the category of 
antibiotic resistance. An acknowledged authority, Henry ("Chip") Chambers provided an 
overview in which he noted 5 distinguishing characteristics of this organism compared 
with nosocomial methicillin-resistant Staphylococcus aureus (MRSA): 

 Community-acquired (CA)-MRSA tends to be susceptible to antibiotic classes 
other than beta-lactams, including clindamycin, tetracyclines, and trimethoprim-
sulfamethoxazole (TMP-SMX). 

 Genotypes of CA-MRSA are different from the local nosocomial strains. Most 
common in the United States is clonal cluster ST-8 that has been classified by the 
US Centers for Disease Control and Prevention (CDC) as "USA 300." 

 CA-MRSA has a novel methicillin-resistance cassette element: type SCC mec IV, 
which has not been found in nosocomial isolates. 

 CA-MRSA is more likely to encode for the Panton-Valentine leukocidin (PVL), 
which is a virulence factor that has been associated with severe necrotizing 
pneumonia and skin and soft-tissue infections. 

 Patients infected with CA-MRSA do not have the usual risk factors associated 
with nosocomial MRSA. Specifically, populations at greater risk for infection 
with CA-MRSA include children, persons in correctional facilities, military 
personnel, native populations, gay men, HIV-infected persons football team 
members, wrestlers, fencing team members, injection drug users, and the 
homeless. 

With regard to his experience in San Francisco, California, extensive epidemiologic 
studies indicated that CA-MRSA, predominantly clonal type ST-8, only accounted for 
about 10% of community-acquired S aureus infections in 1990 and now accounts for 
about 60%. With regard to therapy, the recommendation for soft-tissue abscesses was for 
incision and drainage without antibiotics for "mild" infections. For moderate infections, 
the recommendation for empirical treatment was beta-lactam if the risk of MRSA was 
low, and clindamycin, doxycycline-minocycline, or TMP-SMX if CA-MRSA was 
suspected.  

For severe soft-tissue infections that require hospitalization, the recommendation for 
empirical therapy was incision and drainage combined with vancomycin + ceftriaxone or 
piperacillin-tazobactam. The spectrum of disease associated with CA-MRSA was limited 
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to skin and soft-tissue infections (primarily furunculosis), necrotizing fasciitis, and 
pneumonia. 

CA-MRSA Pneumonia and Influenza 

The main presentation on pneumonia caused by CA-MRSA was by Jeffrey Hageman 
from the CDC. The report included 17 cases of community-acquired pneumonia reported 
from 9 states in the 2003-2004 influenza seasons. The median age was 21 years (range, 8 
months to 62 years). Twelve were previously healthy; 16 required hospitalization, 
including 13 hospitalized in the intensive care unit; 8 required intubation; and 6 required 
chest tubes for drainage of pleural collections. There were 5 deaths (29%). Strains were 
available for testing in 12 patients; 11 showed PVL and each of 10 showed SSC mec IV. 
These strains were uniformly sensitive to rifampin and TMP-SMX. The study authors 
conclude that pneumonia in previously healthy persons due to CA-MRSA usually occurs 
in association with influenza and is emerging as a potentially important disease that may 
require modification of the current guidelines of empirical antibiotic treatment. 
Nevertheless, more information is necessary to define optimal antibiotic therapy and the 
role of influenza vaccination. 

CA-MRSA Skin and Soft-Tissue Infections 

The most comprehensive report on CA-MRSA skin and soft-tissue infections was by 
Mark King, with data from 389 episodes encountered in a 3.5-month period in 2003 at 
Grady Memorial Hospital in Atlanta, Georgia. Of the 389 cases, 279 (72%) involved 
MRSA and 243 of these were classified as "CA-MRSA" on the basis of pulsed-field-type 
gel electrophoresis or antibiogram showing susceptibility to clindamycin, levafloxacin, 
and TMP-SMX. Pulsed-field-type patterns on 159 of these showed that 157 (99%) were 
the USA 300 clone (ST-8).  

Thus, the USA 300 clones accounted for approximately 63% of all skin and soft-tissue 
infections. They also noted that 65% of these patients received inappropriate antibiotics. 
Their recommendation was incision and drainage combined with treatment with TMP-
SMX. 

Necrotizing Fasciitis from CA-MRSA 

Necrotizing fasciitis caused by CA-MRSA was reported by Loren Miller on the basis of a 
review of 14 cases.[4] of these, 7 (50%) were injection drug users, 4 (29%) were 
previously healthy, and 4 (28%) had bacteremia. These strains belong to ST-8 (USA 
300), carried the virulence genes for PVL, and were sensitive to clindamycin, TMP-
SMX, and rifampin. 

Rates of Colonization 

Rates of colonization with S aureus, including CA-MRSA, were reported by Matthew 
Kuehnert in a CDC-conducted study of 9662 participants in the National Health in 
Nutrition Examination Survey between 2001 and 2002.[5] Results of nasal swabs during 
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home visits showed that the overall carrier rate for S aureus was 32%, but the frequency 
of MRSA was only .8%. Of the 75 isolates of MRSA, only 6 were clonal-type USA 300 
and 1 was USA 400. The study authors concluded that about one third of Americans are 
colonized with S aureus, but the frequency of colonization with CA-MRSA was 
extremely low. However, another study of nasal swabs in 937 patients on admission to 
Grady Memorial Hospital, reported by Alicia Hidron, showed that 2.2% were colonized 
with CA-MRSA USA 300. 

Summary of CA-MRSA 

The collective results of these studies indicate that CA-MRSA clonal-type ST-8 (USA 
300) is now widely prevalent in the United States. This strain appears to carry the 
following characteristics: 

 It is relatively uncommon as a cause of nasal colonization; 
 It is a unique antibiotic-susceptibility profile compared with nosocomial MRSA; 
 It is uniformly associated with the SSC mec IV element conferring methicillin 

resistance; and 
 It often has the genes that encode for the PVL virulence factor. 

There appears to be 2 well-described clinical syndromes; the most common is 
furunculosis and far less common is necrotizing pneumonia. The latter is often t 
associated with influenza and originally reported in children, but more recently in 
previously healthy adults as well. A newly described syndrome is necrotizing fasciitis 
caused by CA-MRSA. The treatment recommendation for soft-tissue abscesses is 
primarily drainage.  

The most frequently advocated antibiotics are TMP-SMX, clindamycin, and doxycycline; 
these strains are uniformly sensitive to vancomycin, linezolid, and daptomycin, which 
may be preferred or added when the phenotype or sensitivity tests are unknown in 
patients who are seriously ill. This appears to be a global epidemic, although there are 
distinctive clonal types in different regions. 

 

Resistant Staphylococcus aureus 
 
What are they? 
Staphylococcus aureus, also called S. aureus or “staph,” is a common bacterium that 
colonizes (lives on) the skin and in the nose of about 25-30% of the population. S. aureus 
can exist in this form without harming its host or causing symptoms. However, if there is 
a break in the patient’s skin, injury, or surgery, or if there is a depression in the person’s 
immune system, then colonizing S. aureus can cause an infection. Staph frequently 
causes localized skin infections, such as folliculitis (infected hair follicles), furuncles 
(boils), and impetigo (shallow, fluid-filled blisters surrounded by yellow crusts). It can 
also cause external and internal abscesses and spread into the bones (osteomyelitis), lungs 
(staphylococcal pneumonia), blood (bacteremia or sepsis), heart (endocarditis – which 
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can damage the heart valves), and other organs. Staph may also infect others as it can be 
passed from both infected and colonized people to other people through skin contact or 
through contaminated objects, such as shared towels or razors.  

Staph infections acquired while a patient is in a hospital or long-term care facility have 
been a challenge for many years. The confined population and the widespread use of 
antibiotics have led to the development of antibiotic-resistant strains of S. aureus. These 
strains are called methicillin resistant staphylococcus aureus (MRSA), after the antibiotic 
treatment that was common when they were first identified in1960. Infections caused by 
MRSA are frequently resistant to a wide variety of antibiotics and are associated with 
significantly higher rates of morbidity and mortality, higher costs, and longer hospital 
stays than infections caused by non-MRSA microorganisms. Risk factors for MRSA 
infection in the hospital include surgery, prior antibiotic therapy, admission to intensive 
care, exposure to a MRSA-colonized patient or health care worker, being in the hospital 
more than 48 hours, and having an indwelling catheter or other medical device that goes 
through the skin.  

MRSA infections have increased in importance in the community in recent years because 
they have been associated with a growing number of outbreaks and deaths in settings 
such as prisons, day care facilities, military units, and competitive sports teams. These 
infections are occurring in people who do not have classic MRSA risk factors. A 
significant number of those affected have had to be hospitalized for what appears to be a 
simple but persistent skin infection or for a lung infection that is secondary to a case of 
influenza.  

Until recently, part of the problem with community-acquired MRSA (CA-MRSA) has 
been a lack of awareness in the medical community and the community at large. 
Historically, physicians have treated staph infections, based on their severity, with either 
over-the-counter triple-antibiotic ointments or with a standard course of antibiotics. They 
did not routinely order cultures to identify the organism and its antibiotic susceptibility 
profile unless the infection appeared extensive or the initial treatment was unsuccessful. 
With CA-MRSA, however, these conventional therapy options have frequently failed. A 
significant number of those affected have had to be hospitalized and a few previously 
healthy patients have even died.  

Investigations of these outbreaks have revealed that the CA-MRSA was spread from 
infected or colonized patients to those around them through skin contact (such as sports- 
related cuts and abrasions), through droplets from the lungs or nose, or through exposure 
to contaminated objects, such as shared sports equipment, towels, toys, or playground 
equipment. Investigations have also revealed that the S. aureus strains involved in CA-
MRSA are genetically distinct from those that have been causing hospital-acquired 
MRSA. The CA-MRSA are resistant to methicillin and other related antibiotics, such as 
oxacillin, dicloxacillin, or nafcillin, but frequently are not resistant to other types of 
antibiotics. 
 
Laboratory Tests 
The goal of laboratory testing for staph wound infections is to identify the presence of S. 
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aureus, to determine whether it is a MRSA strain, and to evaluate the staph’s 
susceptibility to available antibiotics. If an infection is due to MRSA, it should be 
investigated to determine where it came from and how it was acquired. This is especially 
important in CA-MRSA to prevent further cases from occurring.  

The primary laboratory tests performed are cultures of the affected areas. Fluid or pus 
from a wound, sputum, blood, joint fluid, or even breast milk (in the case of an infected 
breast) is collected and spread onto a thin layer of nutrient gel and/or grown in a nutrient 
solution. Sometimes, multiple samples are collected to evaluate different body sites or to 
attempt to detect bacteria that may be present in small numbers (such as in the blood). 
Nasal cultures (collected by inserting a swab inside the nose) of healthy people may also 
be ordered to determine whether someone has been colonized with MRSA and is a 
carrier. The cultured samples are incubated and examined for the growth of characteristic 
S. aureus colonies. If they are present, susceptibility testing is performed to determine 
whether the strain is MRSA and, if so, which antibiotics have activity against it.  

Identifying MRSA can sometimes be challenging. The population of staph that a person 
has tends to be mixed. This means that even if a patient has CA-MRSA or hospital-
acquired MRSA, not all of the staph present will be equally resistant. Since resistant 
strains frequently grow more slowly than susceptible strains, there is the potential for 
missing them.  

A variety of methods may be used to track different strains of MRSA. These are used in 
the investigation of the spread of MRSA within a community or region but are not used 
in the treatment of an individual patient. They include pulsed-field gel electrophoresis, 
which can identify the type and subtype of S. aureus strains, and DNA testing, which can 
be used to look at the genetic material of the microorganism and to detect the presence or 
absence of a gene, called mecA, which causes resistance to methicillin.  

 

 

Treatments 
Infection control has become the primary focus of MRSA containment. National efforts 
are underway to raise awareness in the community about the existence of MRSA and to 
encourage preventive measures, such as covering wounds and better hygiene (such as 
routine cleaning of shared equipment, frequent hand washing and/or the use of alcohol-
based hand gels). Many sports teams and institutions have put procedures in place to 
more rapidly recognize and address MRSA infections. Healthcare providers are being 
urged to order cultures and susceptibility testing more routinely with outpatient skin and 
wound infections, to monitor them carefully for effectiveness of treatment, and to be alert 
for the possibility of CA-MRSA. Outbreaks of CA-MRSA are being investigated and 
traced back to their source in order to identify the cause, to determine whether other 
patients may have unrecognized MRSA infections or colonization, and to reduce the 
potential for additional cases.  
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Currently, patients with serious MRSA infections are usually treated with vancomycin. 
This is an antibiotic that must be administered intravenously (IV), often for several 
weeks. In most cases, vancomycin will eventually get rid of the MRSA infection, but it 
does not prevent colonization. Recently, a few cases of vancomycin-intermediate and 
resistant strains of S. aureus (VISA and VRSA) have been identified. The number of 
these cases is expected to increase and there is growing concern in the medical 
community that we will eventually run out of treatment options for antibiotic-resistant S. 
aureus. 

 

 
 

MRSA in Schools and Correctional Facilities                                                                  
 
 

Indiana State Department of Health Guidelines for Methicillin-Resistant 
Staphylococcus aureus (MRSA) in Indiana Schools 

 
By Julia Butwin, MSN, RN 

 
  
Overview  
 
John F. Kennedy once said, “Change is the law of life.” This is true of many bacteria, 
including Staphylococcus aureus. S. aureus has changed over the years, becoming 
resistant to many antibiotics in order to survive. It usually causes mild skin infections, 
such as pimples, impetigo, rashes, or boils, but can cause more severe illness, such as  
bloodstream and bone infections and pneumonia. S. aureus commonly resides on the skin 
or in the nose of healthy people and does not cause infection. In the past, most serious S. 
aureus infections were treated with a certain type of antibiotic related to penicillin. Over 
the past 50 years, treatment of these infections has become more difficult because the 
bacteria have become resistant to various antibiotics, including the commonly used  
Penicillin-related antibiotics.  
These resistant bacteria are called methicillin-resistant S. aureus (MRSA).  
 
MRSA has historically been isolated from hospitalized and long-term care patients. Some 
patients have become colonized with the organism. MRSA has been associated with 
intensive care units (ICU) and in persons with chronic illnesses who have taken multiple 
antibiotics. MRSA associated with these hospitalized and long-term care patients has 
been resistant to most of the available antibiotics and is very difficult to treat.  
 
Since 2000, the number of healthy adults and children with MRSA infections has steadily 
increased. Many of these people have had skin infections, such as pustules and boils. The 
MRSA isolated from these otherwise healthy people is different from the MRSA 
traditionally isolated from very ill individuals. MRSA isolated from healthy adults and 
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children is susceptible to more of the currently available antibiotics than MRSA found in 
the very ill; thus, there are more treatment options available.  
 
MRSA: Infection and Colonization  
Colonization is the presence of the bacteria on a person’s body without observable 
clinical symptoms. When this bacterium is isolated from a healthy individual, the person 
is said to be colonized. It is estimated that 25-30% of the United States population is 
colonized with S. aureus at any given time. The number of MRSA colonized  
people at any one time are not known. When a person is colonized, bacteria live on the 
skin but cause no harm.  
 
Infection refers to the invasion of the bacteria into tissue with growth of the organism. 
Infection may occur when the bacteria enter a break in the skin. MRSA infection is 
characterized by a laboratory test positive for MRSA accompanied by clinical signs of 
illness, such as fever, elevated white blood count, and inflammation. Healthy people are 
generally at low risk for developing MRSA infection. People with compromised immune  
systems, which may include some patients with the human immunodeficiency virus 
(HIV), may be at risk for more severe illness if they get infected with MRSA.  
 
How is MRSA spread?  
MRSA is spread among people who have close contact with people who harbor the 
organism. Both colonized and infected patients are major reservoirs of the bacteria, but 
when a person is infected, it is more likely that the organism could be transmitted to 
others. MRSA is almost always spread by direct physical contact and not through the air. 
Transmission of MRSA may also occur through indirect contact by touching objects, 
such as towels, clothes, bandages, or sports equipment contaminated by the infected skin 
of a person with the bacteria.  
 
In 2003, an outbreak of MRSA occurred among a football team in Indiana. MRSA was 
isolated from the skin infections of players. A study was conducted to determine if 
anyone else associated with the team was colonized with MRSA in the nose. It is 
interesting to note three individuals had nasal carriage with MRSA. Additional  
microbiology testing showed that those nasal carriers all had distinct strains of MRSA 
that were different than the outbreak strain. Everyone who was ill was infected with the 
same outbreak strain.  
 
The colonized people were not spreading MRSA.  
 
MRSA Colonized Students in the Classroom  
Children colonized with MRSA should not be excluded from the classroom. The reasons 
for this recommendation include:  
 
 Since the prevalence of MRSA is increasing in the community, it is likely that there are 
colonized  
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 Students in the classroom who are not aware that they harbor the organism. Thus, 
excluding a child known to be colonized with MRSA would be relatively ineffective in 
reducing the risk of MRSA infection to classmates.  
 
 The risk for acquisition of MRSA in the school setting by children, including those who 
are medically or developmentally challenged, is no greater than the risk of contracting a 
skin infection caused by other pathogens.  
 
 The overall risk of infection from MRSA in the school setting will not be appreciably 
increased when children who are colonized with MRSA are admitted. The risk will not be 
appreciably decreased when colonized children are excluded. However, exclusion will 
adversely affect the colonization children by depriving them of an education, without 
benefiting the children already present in the setting.  
 
Skin Infections in the Classroom, Including MRSA  
Any infection or draining wound could pose a threat to others. When a student with a 
MRSA infection is in the classroom, certain infection control measures should be in 
place. These measures include, but may not be limited to:  
 
 Keep infections, particularly those that produce pus or drainage, covered with clean, 
dry bandages. The student should follow the healthcare provider’s instructions on proper 
care of the wound. Pus from infected wounds can contain bacteria, including MRSA, and 
spread the bacteria to others.  
 
 Bandages should be disposed in a manner such that others would not have contact with 
the drainage (e.g., in a closed baggie).  
 
 Advise those who may have contact with the infected wound to wash their hands 
thoroughly with soap and warm water. Persons who expect to have contact with the 
infected wound should wear disposable gloves, and wash their hands after removing the 
gloves. Hand washing is the single most important measure to prevent MRSA 
transmission.  
 
 Avoid sharing personal items (e.g., towels, washcloths, and clothing) that may have 
come in contact with the infected wound. Wash soiled linens and clothes with hot water 
and laundry detergent. Drying clothes in a hot dryer, rather than air-drying, also helps kill 
bacteria.  
 
 Clean potentially contaminated surfaces carefully with a disinfectant or a bleach-water 
solution (1:100 dilution of sodium hypochlorite, which is approximately ¼ cup of 5.25% 
household chlorine bleach to 1 gallon of water) after caring for the wound.  
 
 Schools should continue to provide general cleaning on a regular schedule. Students 
who are infected with MRSA should follow the healthcare provider’s treatment plan, 
including completion of any antibiotics prescribed.  
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MRSA in Athletics  
Transmission of MRSA among sports participants is a concern. Possible risk factors for 
infection include close physical contact, skin damage, and sharing of equipment or 
clothing. The risk for transmission of MRSA is much greater among sports participants 
than among students in a classroom. The U.S. Centers for Disease Control and  
Prevention (CDC) has published the following guidance for preventing staphylococcal 
skin infections in the sports setting:  
 
 Cover all wounds. If a wound cannot be covered adequately, consider excluding players 
with potentially infectious skin lesions from practice or competitions until the lesions are 
healed or can be covered adequately.  
 
 Encourage good hygiene, including showering and washing with soap after all practices 
and competitions.  
 
 Ensure availability of adequate soap and hot water.  
..  
 Discourage sharing of towels and personal items, such as clothing or equipment.  
..  
 Establish routine cleaning schedules for shared equipment, including mats.  
 
 Train athletes and coaches in first aid for wounds and recognition of wounds that are 
potentially infected.  
 
 Encourage athletes to report skin lesions to coaches and encourage coaches to assess 
athletes regularly for skin infections.  
 
Development of Policies  
Indiana schools may consider developing policies related to MRSA-infected students and 
related to prevention of skin infections in individuals participating in sports. School 
wrestling programs may wish to review guidance provided by the National Federation of 
State High School Associations when developing school policies related to skin 
infections. Frequent hand washing should always be encouraged.  
_______________________________  

 
 
 
 
 

Methicillin-Resistant Staphylococcus Aureus (MRSA) in Correctional Settings 
 

By Dr. Dean Rieger, Medical Director  
Indiana Department of Corrections  
 
Staphylococcus aureus (SA) is commonly found on the skin and in the anterior nares 
(nostrils). Although SA usually colonizes humans without causing disease, it does cause 
infections that can be minor or serious and involve almost any organ in the body. SA is 
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easily spread by direct or indirect contact with the products of infection and even by 
contact with the skin of a colonized person.  
 
In county jails, people live in close contact and often have less than exemplary personal 
hygiene habits. Because of the close living conditions and the high client turnover, 
furnishings and linens may be shared without having been cleaned well enough to kill SA 
that may be present. It is not surprising that county jails are settings in which SA 
outbreaks are common.  
 
SA skin infections typically begin as small erythematous patches, usually in a follicular 
pattern or in small breaks in the skin, and progress to become tiny pustules. The exudates 
in these pustules, if cultured, will grow SA. The infection may progress to one or more 
abscesses, may spread locally, or may penetrate tissue and become  
systemic.  
 
In addition to a varying sensitivity to antimicrobials, SA exhibits virulence that varies 
broadly. Most SA is not especially virulent and lives commensally on the skin, only 
causing infection in an opportunistic but non-aggressive manner. Some SA, however, is 
extremely virulent and can progress from a trivial skin infection to full blown sepsis in a 
matter of hours or days. Many factors affect this, some belonging to the host and others to 
SA itself. SA is famously known for its toxins, one of which causes toxic shock 
syndrome. When managing patients in a single facility, whether in response to endemic 
or outbreak presentations, the attending health care professionals must consider virulence 
when determining how aggressively to treat SA infections.  
 
Methicillin resistance is an issue commonly addressed with SA. However, SA must be 
addressed whether or not the SA found in a facility exhibits resistance to methicillin. 
Methicillin resistance is a characteristic separate from virulence. Both resistance profiles 
and virulence must be considered when determining how a patient or an  
outbreak should be managed. Methicillin resistant SA, or MRSA, first became common 
in hospital settings in the 1960s when methicillin was the antibiotic of last resort for 
treating SA infections. Within a few decades of the appearance of MRSA, in some  
hospitals, it had become the most common SA isolate. Vancomycin took over 
methicillin’s role as the antibiotic of last resort and then, not surprisingly, vancomycin-
resistant (VRSA) and vancomycin intermediate-resistant (VISA) strains began to appear.  
 
Currently, isolation of either VRSA or VISA is a rare event. During this same period, 
several other strains of SA independently developed resistance to methicillin. Three 
distinct strains of community-associated MRSA (CA-MRSA) have been identified, and 
these CA-MRSAs are notable because they retain sensitivity to one or more common 
antibiotics, including trimethoprim-sulfamethoxazole (Bactrim, Septra) and tetracyclines. 
Except for their antimicrobial sensitivities, none of the SA strains is clinically 
distinguishable from each other.  
 
The information below is directed toward the prevention and management of CA-MRSA 
outbreaks and will not address individual treatment of patients with CA-MRSA infections 
beyond noting that the same considerations that have pertained to treatment of SA during 
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the antibiotic era are still true. Trivial skin infections can usually be managed without 
antibiotics. More serious infections may require antibiotics, incision and drainage, 
inpatient care, and so on. Standard antibiotic therapy may be augmented with rifampin, 
but rifampin must not be used as monotherapy because of the simplicity and speed with 
which resistance develops.  
 
CA-MRSA should be considered endemic in jail settings, and sporadic cases should be 
expected. When CA-MRSA infections occur more than occasionally, prevention and 
management of CA-MRSA outbreaks require recognition and understanding of the CA-
MRSA problem, treatment of cases that are likely sources of transmission; and, perhaps 
most importantly, attention to the environment. It may seem obvious to emphasize the 
importance of the recognition of an outbreak, but in many jails, outbreaks have continued 
for long periods without either the jail operations staff or health services personnel 
realizing it.  
 
Jails are short-stay facilities, and it is not uncommon for an inmate with a skin infection 
to leave jail without ever mentioning the infection to jail personnel. The typical 
presentation of CA-MRSA in jails -- single or multiple reddish spots on the lower 
extremities -- has often been misinterpreted as an epidemic of spider bites. Not  
surprisingly, attempts at spider and insect control fail to terminate the outbreak. Until the 
skin infections are recognized as likely SA infections, the outbreak is likely to go 
unrecognized.  
 
Once an outbreak is suspected, only culture with determination of the antimicrobial 
sensitivity pattern will permit a reliable diagnosis of SA or CA-MRSA. (Theoretically, an 
outbreak can be caused by hospital-acquired MRSA, or even VISA/VRSA. If a jail 
facility has VISA/VRSA, expert consultation should be sought from the health  
department) once the outbreak is recognized and the antibiotic sensitivity pattern 
established, it is not necessary to culture every patient, although those with aggressive 
infections or weakened immunity should be cultured.  
 
Empirical treatment is generally reasonable, even for those who require oral antibiotics.  
Some practitioners feel that it is appropriate to try to eradicate not only infection, but also 
colonization. This is a well-intentioned but misguided approach to outbreak management.  
 
Treatment with antimicrobials applies a strong (albeit brief) selection pressure and can 
encourage the development of a strain that is either relatively or completely resistant to 
the antimicrobial in use, and viable bacteria shed during the initial treatment are more  
likely to be resistant than they would be otherwise. Shedding organisms with 
intermediate resistance is likely both from colonized and infected patients. 
 Eradication of colonization is reasonable when an individual patient has repeatedly failed 
treatment for CA-MRSA, or when there are specific host factors that make any CA-
MRSA  
infection especially dangerous. Eradication of carriage in the nares, when necessary, can 
be accomplished with mupirocin calcium 2% ointment (Bactroban).  
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For prevention or termination of an outbreak, it is important to understand how SA 
survives in the environment and how it is transmitted. This understanding is critical to 
determining how transmission can be interrupted and how an outbreak can be terminated. 
SA thrives in warm and moist environments. As it dries out, it dies. The key  
to reducing transmission between prisoners is reducing the bacterial load in the 
environment and interrupting potential contacts between prisoners and bacteria.  
 
 Inspect the facility to make sure that obvious opportunities for contact are interrupted.  
 
 Eliminate shared towels in bathrooms, kitchens, laundry areas, workshops, or other 
locations.  
 
 Implement terminal disinfection procedures when one prisoner leaves a housing area 
and another enters it. Clean the fixtures, the mattresses, the furniture, and so on. Discard 
objects that cannot be disinfected properly.  
 
 Make sure that all cleaning solutions are properly bactericidal. This usually means that 
products containing quaternary ammonium compounds should be used, taking care to 
dilute in accordance with the manufacturer’s recommendations. Solutions that are too 
dilute will often make the surface visually clean but will fail both to kill bacteria on 
contact and to leave a killing residuum.  
 
 Review practices in recreation areas, such as weight rooms. Health clubs provide spray 
bottles of antimicrobial solutions for use in cleaning weight machines between users and 
so should jails.  
 
 Review practices in booking areas. Simple plastic benches, for example, can become 
vectors for transmission. Frequent cleaning with solutions that leave a killing film can 
help stop this.  
 
 Bathrooms should be cleaned regularly, using appropriately bactericidal products. 
Toilet seats should receive the same treatment between users as weight machines.  
 
 Laundry facilities should be reviewed and inspected. Is the detergent bactericidal? Do 
the washer and/or dryer reach proper killing temperatures? Is laundry dried or brought 
out still cool and moist? Commercial laundries periodically test their processes to make 
sure that bacteria are killed and so should jails.  
 
 Identified CA-MRSA patients, especially those with draining wounds, can produce 
huge quantities of bacteria and deposit them in the environment.  
Patients with draining wounds should be required to control their secretions. If they 
cannot or if they refuse to, separation from the general population or even formal 
isolation may be appropriate.  
 
 The two primary populations of the jail, prisoners and personnel, should be educated 
regarding CA-MRSA. They need to understand both how to protect themselves from 
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transmission and how to recognize a SA infection. Early intervention for those infected is 
vital for decreasing the environmental load of SA bacteria.  
 
 Personal hygiene, most importantly frequent hand washing, is critical for interrupting 
transmission. This applies not only to the prisoners but also to health services employees.  
 
 Eliminating barriers to health care access is important. Co-pay requirements are an 
important tool for controlling unnecessary or abusive health services requests, but to the 
extent that they stop infected prisoners from seeking health services, they may prolong an 
outbreak.  
 
It is not possible to anticipate every means through which CA-MRSA can be transmitted 
nor every corrective or preventive measure that can help stop an outbreak or prevents an 
outbreak from occurring. That is why those working with the county jails must 
understand the nature of SA and its transmission and individualize their  
approaches.  
 
Just as it is critical to identify an outbreak when it occurs, it is similarly important to 
monitor outbreaks so that the administrative staff can determine whether or not control 
measures are effective. Outbreaks cannot be managed through impressions and 
memories. Cases should be documented and logged, and at least minimal descriptions  
should be maintained for each case. This will permit the facility staff not only to 
determine if an outbreak is getting worse, staying the same, or disappearing, but will also 
provide evidence upon which the local CA-MRSA strain’s virulence can be gauged.  
 
These approaches have been used in short- and long-term facilities with success. They 
work. Outbreaks have been terminated within a month of identification and initiation of 
proper environmental sanitation. Facilities would be well advised to review their 
practices in advance of identifying any outbreaks, as environmental measures can prevent 
outbreaks from occurring.  
 
Eliminating the occurrence of CA-MRSA in jails is impossible. CA-MRSA is now 
widespread in the community at large, and even if it were eliminated from any single 
county jail, it would very likely be reintroduced within a few days. When the human 
immunodeficiency virus was first identified and discovered to be more prevalent in  
jails than in other settings, jail personnel entered a period of near panic, afraid of 
infection. With time and the establishment and acceptance of universal precautions, jail 
personnel learned that, with proper care, the risk of becoming infected could be reduced 
nearly to zero. CA-MRSA engenders the same type of fear. SA has done this before with 
toxic shock syndrome. Like these earlier SA panics, CA-MRSA will become something 
that we understand and live with. The key tools remain: understanding how the bacteria 
survive and spread, and how we can interrupt that process.  
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From the CDC: CA-MRSA Information for the Public 

What is Staphylococcus aureus (staph)? 

Staphylococcus aureus, often referred to simply as "staph," are bacteria commonly 
carried on the skin or in the nose of healthy people. Approximately 25% to 30% of the 
population is colonized (when bacteria are present, but not causing an infection) in the 
nose with staph bacteria. Sometimes, staph can cause an infection. Staph bacteria are one 
of the most common causes of skin infections in the United States. Most of these skin 
infections are minor (such as pimples and boils) and can be treated without antibiotics 
(also known as antimicrobials or antibacterials). However, staph bacteria also can cause 
serious infections (such as surgical wound infections, bloodstream infections, and 
pneumonia).  

What is MRSA (methicillin-resistant Staphylococcus aureus)? 

Some staph bacteria are resistant to antibiotics. MRSA is a type of staph that is resistant 
to antibiotics called beta-lactams. Beta-lactam antibiotics include methicillin and other 
more common antibiotics such as oxacillin, penicillin and amoxicillin. While 25% to 
30% of the population is colonized with staph, approximately 1% is colonized with 
MRSA.  

Who gets staph or MRSA infections? 

Staph infections, including MRSA, occur most frequently among persons in hospitals and 
healthcare facilities (such as nursing homes and dialysis centers) who have weakened 
immune systems. These healthcare-associated staph infections include surgical wound 
infections, urinary tract infections, bloodstream infections, and pneumonia.  

What is community-associated MRSA (CA-MRSA)?  

Staph and MRSA can also cause illness in persons outside of hospitals and healthcare 
facilities. MRSA infections that are acquired by persons who have not been recently 
(within the past year) hospitalized nor had a medical procedure (such as dialysis, surgery, 
catheters) are known as CA-MRSA infections. Staph or MRSA infections in the 
community are usually manifested as skin infections, such as pimples and boils, and 
occur in otherwise healthy people. 

How common are staph and MRSA infections? 

Staph bacteria are one of the most common causes of skin infection in the United States 
and are a common cause of pneumonia, surgical wound infections, and bloodstream 
infections. The majority of MRSA infections occur among patients in hospitals or other 
healthcare settings; however, it is becoming more common in the community setting. 
Data from a prospective study in 2003, suggests that 12% of clinical MRSA infections 
are community-associated, but this varies by geographic region and population. 
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What does a staph or MRSA infection look like? 

Staph bacteria, including MRSA, can cause skin infections that may look like a pimple or 
boil and can be red, swollen, painful, or have pus or other drainage. More serious 
infections may cause pneumonia, bloodstream infections, or surgical wound infections. 

Are certain people at increased risk for community-associated staph or MRSA 
infections? 

CDC has investigated clusters of CA-MRSA skin infections among athletes, military 
recruits, children, Pacific Islanders, Alaskan Natives, Native Americans, men who have 
sex with men, and prisoners. 
Factors that have been associated with the spread of MRSA skin infections include: close 
skin-to-skin contact, openings in the skin such as cuts or abrasions, contaminated items 
and surfaces, crowded living conditions, and poor hygiene. 

How can I prevent staph or MRSA skin infections? 

Practice good hygiene: 

1. Keep your hands clean by washing thoroughly with soap and water or using an 
alcohol-based hand sanitizer.  

2. Keep cuts and scrapes clean and covered with a bandage until healed.  
3. Avoid contact with other people’s wounds or bandages.  
4. Avoid sharing personal items such as towels or razors.  

Are people who are positive for the human immune deficiency virus (HIV) at 
increased risk for MRSA? Should they be taking special precautions? 

People with weakened immune systems, which include some patients with HIV infection, 
may be at risk for more severe illness if they get infected with MRSA. People with HIV 
should follow the same prevention measures as those without HIV to prevent staph 
infections, including practice good hygiene, cover wounds (e.g., cuts or abrasions) with 
clean dry bandages, avoid sharing personal items such as towels and razors, and contact 
their doctor if they think they have an infection. 

 

Can I get a staph or MRSA infection at my health club? 

In the outbreaks of MRSA, the environment has not played a significant role in the 
transmission of MRSA. MRSA is transmitted most frequently by direct skin-to-skin 
contact. You can protect yourself from infections by practicing good hygiene (e.g., 
keeping your hands clean by washing with soap and water or using an alcohol-based hand 
rub and showering after working out); covering any open skin area such as abrasions or 
cuts with a clean dry bandage; avoiding sharing personal items such as towels or razors; 
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using a barrier (e.g., clothing or a towel) between your skin and shared equipment; and 
wiping surfaces of equipment before and after use. 

 

What should I do if I think I have a staph or MRSA infection? 

See your healthcare provider. 

Are staph and MRSA infections treatable? 

Yes. Most staph and MRSA infections are treatable with antibiotics. If you are given an 
antibiotic, take all of the doses, even if the infection is getting better, unless your doctor 
tells you to stop taking it. Do not share antibiotics with other people or save unfinished 
antibiotics to use at another time.  

However, many staph skin infections may be treated by draining the abscess or boil and 
may not require antibiotics. Drainage of skin boils or abscesses should only be done by a 
healthcare provider.  

If after visiting your healthcare provider the infection is not getting better after a few 
days, contact them again. If other people you know or live with get the same infection tell 
them to go to their healthcare provider.  

Is it possible that my staph or MRSA skin infection will come back after it is cured? 

Yes. It is possible to have a staph or MRSA skin infection come back (recur) after it is 
cured. To prevent this from happening, follow your healthcare provider’s directions while 
you have the infection, and follow the prevention steps after the infection is gone.  

If I have a staph, or MRSA skin infection, what can I do to prevent others from 
getting infected? 

You can prevent spreading staph or MRSA skin infections to others by following these 
steps: 

1. Cover your wound. Keep wounds that are draining or have pus covered with 
clean, dry bandages. Follow your healthcare provider’s instructions on proper care 
of the wound. Pus from infected wounds can contain staph and MRSA, so 
keeping the infection covered will help prevent the spread to others. Bandages or 
tape can be discarded with the regular trash.  

2. Clean your hands. You, your family, and others in close contact should wash 
their hands frequently with soap and warm water or use an alcohol-based hand 
sanitizer, especially after changing the bandage or touching the infected wound.  

3. Do not share personal items. Avoid sharing personal items such as towels, 
washcloths, razors, clothing, or uniforms that may have had contact with the 
infected wound or bandage. Wash sheets, towels, and clothes that become soiled 
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with water and laundry detergent. Drying clothes in a hot dryer, rather than air-
drying, also helps kill bacteria in clothes.  

4. Talk to your doctor. Tell any healthcare providers who treat you that you have 
or had a staph or MRSA skin infection.  

Case Study - Neisseria gonorrhoeae 

MASTER Case Study 
December 2004 
 
Upon returning home to Nebraska, a 28 year old man who had vacationed in Thailand 
presented to the local emergency room (ER) complaining of painful urination and a 
purulent discharge from his penis. Urethral specimens were collected for detection of 
Neisseria gonorrhoeae and Chlamydia trachomatis using nucleic acid amplification tests 
(NAATs) and the patient was empirically given a single 500-mg dose of ciprofloxacin 
orally and a single 1-g dose of azithromycin. Subsequently, the NAATs were positive for 
N. gonorrhoeae, but negative for C. trachomatis. When the patient’s symptoms did not 
improve after two days, he again went to the local ER. The ER physician contacted the 
staff at the microbiology laboratory to determine if they could perform antimicrobial 
susceptibility testing of N. gonorrhoeae isolates. Although the laboratory’s routine 
procedure for diagnosis of gonococcal urethritis in adults involves direct detection using 
NAATs, the laboratory maintained the ability to perform culture for N. gonorrhoeae. A 
culture was submitted from the patient and N. gonorrhoeae was isolated. Following 
further discussion with the physician, the laboratory sent the isolate to a reference 
laboratory for antimicrobial susceptibility testing; the following report was ultimately 
issued. 
 
Laboratory report 
Urethral discharge 
Neisseria gonorrhoeae isolated 
ceftriaxone S 

ciprofloxacin R 

tetracycline S 
 
Question 1:  
Why don’t clinical laboratories perform antimicrobial susceptibility tests routinely for 
N. gonorroheae? 
 
Uncomplicated infections with N. gonorrhoeaeare treated empirically. CDC’s most 
recent “Sexually Transmitted Diseases Treatment Guidelines, 2002” list the following 
therapeutic regimens for uncomplicated gonococcal urethritis (see 
http://www.cdc.gov/STD/treatment/TOC2002TG.htm). Some additional updated 
information can be found at 
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5316a1.htm  
Ceftriaxone 125 mg IM in a single dose  
OR 
Cefixime 400 mg orally in a single dose  
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OR 
Ciprofloxacin 500 mg orally in a single dose*  
OR 
Ofloxacin 400 mg orally in a single dose* 
OR 
Levofloxacin 250 mg orally in a single dose* 
PLUS, 
IF CHLAMYDIAL INFECTION IS NOT RULED OUT 
Azithromycin 1 g orally in a single dose 
OR 
Doxycycline 100 mg orally twice a day for 7 days. 
 
 
*Fluoroquinolones should not be used for infections acquired in Asia or the Pacific, 
including Hawaii. In addition, use of fluoroquinolones is probably inadvisable for 
treating infections acquired in California and in other areas with increased prevalence of 
fluoroquinolone resistance. 
 
 
Because of the increased prevalence of fluoroquinolone-resistant N. gonorrhoeae 
(FQRNG) in certain geographic areas, fluoroquinolones are no longer recommended for 
treating gonococcal infections acquired in those locations. Some of these areas include 
Asia, the Pacific Islands, England, and Wales. Similarly, there are several U.S. states 
(e.g., Hawaii, California, Massachusetts, and Washington) where the prevalence of 
FQRNG is sufficiently high that fluoroquinolones are not recommended as first-line 
agents for N. gonorrhoeae (see local FQRNG health alerts posted on 
http://www.cdc.gov/std/gisp/HealthAlerts.htm.)  
 
In addition, because of increased prevalence of FQRNG in men who have sex with men, 
CDC recommends that clinicians in the United States no longer use fluoroquinolones as a 
first-line treatment for gonorrhea in this group of patients. Before determining treatment 
for a patient suspected of having gonorrhea, clinicians should routinely ask all patients 
about their travel histories and male patients about the gender of their sex partners. 
 
With the increasing prevalence of FQRNG, it is conceivable that additional antimicrobial 
susceptibility testing of an individual patient’s isolates will be necessary. 
 
 
Question 2:  
Why would the physician be interested in culture and antimicrobial susceptibility test 
results on this patient’s specimen? 
 
The physician is interested in additional tests because the patient failed empiric therapy 
with ciprofloxacin. One reason for the patient’s failure to respond to ciprofloxacin may 
be due to infection with a FQRNG, and the inability of a single dose of azithromycin to 
completely eliminate the gonococcal infection. Susceptibility testing would be helpful to 
explore this possibility. Other potential reasons for clinical failure include the patient’s 
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failure to take the ciprofloxacin as prescribed, or misdiagnosis of the etiologic agent(s) 
causing the patient’s infection, since there is a possibility of infection with multiple 
organisms.  
 
 
 
Question 3:  
If susceptibility testing is not routinely performed, how is resistance to 
fluoroquinolones and other antimicrobial agents monitored among N. gonorrhoeae 
isolated in the United States? 
 
CDC conducts surveillance nationwide to determine the incidence of resistance among N. 
gonorrhoeae causing infections. As part of the Gonococcal Isolate Surveillance Project 
(GISP), N. gonorrhoeae isolates are collected from the first 25 men with urethral 
gonorrhea attending STD clinics each month in approximately 29 cities in the United 
States. There are five GISP regional laboratories, which determine antimicrobial 
susceptibilities by agar dilution for penicillin, tetracycline, spectinomycin, ciprofloxacin, 
ceftriaxone, cefixime, and azithromycin. Results from this surveillance system are used to 
help formulate empiric therapy recommendations and are available to public health and 
clinical practitioners (to review GISP data, please see 
http://www.cdc.gov/std/gisp/Default.htm). In addition to GISP, some state or local public 
health departments conduct local surveillance activities (to review these data, please see 
http://www.cdc.gov/std/gisp/NonGISP.htm). 
 
 
Question 4:  
How much resistance is there in the United States to the agents recommended for 
treating uncomplicated gonorrhea? 
 
To date, resistance to either cefixime or ceftriaxone has not been reported, although 
reduced susceptibility to cefixime (MIC 0.25 - 1.0 ug/ml) has been noted in a few isolates 
from Hawaii. The prevalence of fluoroquinolone resistance varies considerably by 
location within the United States and in 2003 ranged from 0-21%, with higher prevalence 
in California and Hawaii and increasing prevalence in cities in the Midwest and 
Northeast. Fluoroquinolone resistance in some parts of Asia is as high as 60%. 
 
 
Question 5:  
According to the fluoroquinolone therapy recommendations, either ciprofloxacin, 
ofloxacin, or levofloxacin can be used for treating N. gonorrhoeae. If an isolate is 
intermediate or resistant to one of these is it likely to be resistant to the others? 
 
Yes, it is likely to be intermediate or resistant since cross resistance among these 
fluoroquinolones is common. Because NCCLS does not have interpretive criteria for 
levofloxacin, an isolate that is intermediate or resistant to either ciprofloxacin or 
ofloxacin should be considered to have corresponding levels of resistance to levofloxacin.  



 

 
 

49

 
 
 
 
 
 
Question 6:  
If a laboratory performs culture for gonococci and isolates N. gonorrhoeae, should a 
beta-lactamase test routinely be performed on the isolate? 
 
No, this is not necessary. The beta-lactamase test detects production of an enzyme that 
destroys penicillin. Because of the increasing incidence of penicillin resistance in N. 
gonorrhoeae, penicillin is no longer recommended as a primary agent for treatment of 
gonorrhea. Plasmid-mediated beta-lactamase production is only one mechanism of 
penicillin resistance; some strains of N. gonorrhoeae are penicillin resistant due to altered 
penicillin binding proteins. In such isolates, penicillin resistance can be detected by disk 
diffusion or MIC tests. Beta-lactamase or penicillinase-producing N. gonorrhoeae are 
sometimes referred to by the acronym PPNG. Isolates that are penicillin and tetracycline 
resistant (but beta-lactamase negative) are referred to as chromosomally mediated 
resistant N. gonorrhoeae or CMRNG. The genes encoding penicillin and tetracycline 
resistance in CMRNG are located on the chromosome.  
 
 
Question 7:  
Should clinical laboratories offer culture for N. gonorrhoeae in addition to direct 
detection tests such as NAATs? 
 
Yes, in most settings. Rapid NAATs for N. gonorrhoeae are useful for the majority of 
specimens received in the clinical laboratory. However, NAATs are inappropriate for 
detecting N. gonorrhoeae in cases of sexual abuse. In addition, many of the NAAT kits 
are approved for testing only genitourinary specimens so culture remains the test of 
choice for specimens from other anatomic sites (e.g., rectal or pharyngeal specimens). In 
complicated infections or where clinical failure occurs after what is presumed to be 
appropriate therapy, culture may be useful, as in the case described here.  
If a laboratory offers culture for N. gonorrhoeae and it is infrequently requested, a 
practical strategy would be to submit these tests to a reference laboratory.  
 
In addition to NCCLS documents that describe standard procedures for antimicrobial 
susceptibility testing of N. gonorrhoeae, some additional references (all available from 
the GISP web page, http://www.cdc.gov/std/gisp) that may be useful for clinical or public 
health laboratorians include:  

 

 Interpretive criteria for gonococcal susceptibility testing, see 
http://www.cdc.gov/std/gisp/Criteria.htm 
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 Recommendations for local susceptibility testing for gonococci, see 
http://www.cdc.gov/std/gisp/Testing.htm. Located on this recommendations site is 
a pdf document that describes how to perform disk diffusion testing for gonococci 
and quality control (QC) ranges for several CDC QC strains ( 
http://www.cdc.gov/std/gisp/B88text6132003.pdf). These QC strains are available 
from CDC. 
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Post test 

Select the best answer to each of the following items. Mark your responses on the 
Answer Form.  
 
1. While MRSA was once thought to be acquired mostly in health care facilities, a surge 
in patients with MRSA acquired in the community is being seen in _______. 
 
a. public auditoriums 
b. ED waiting rooms 
c. community centers 
d. None of the above 
 
   
2. With MRSA infections, _______ should be considered the No. 1 treatment for boils 
and abscesses. 
 
a. antiseptic measures 
b. antibiotics 
c. incision and drainage 
d. None of the above 
 
   
3. If a patient improves after an incision and drainage, an antibiotic may not even be 
necessary. 
 
a. True 
b. False 
 
   
4. Because there are common themes to the spread of the infections there are some simple 
precautions that can be taken to check the spread, including _______. 
 
a. careful cleaning of shared equipment 
b. proper care of wounds 
c. good personal hygiene 
d. All of the above 
 
   
5. Staphylococcus aureus, often referred to simply as "staph," are bacteria commonly 
carried on the skin or _______ of healthy people. 
 
a. in the mouth 
b. in the nose 
c. on the feet 
d. None of the above 
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6. MRSA is a type of staph that is resistant to antibiotics called beta-lactams. Beta-lactam 
antibiotics include methicillin and other more common antibiotics such as _______. 
 
a. oxacillin 
b. penicillin 
c. amoxicillin 
d. All of the above 
 
   
7. MRSA infections that are acquired by persons who have not been recently (within the 
past year) hospitalized or had a medical procedure (such as _______) are known as CA-
MRSA infections. 
 
a. dialysis 
b. surgery 
c. catheters 
d. All of the above 
 
   
8. Staph from an infected person can also get onto a commonly shared item or surface, 
and then get onto the skin of the person who touches it next. Examples of commonly 
shared items are _______. 
  
a. towels 
b. soap 
c. benches in saunas or hot tubs 
d. All of the above 
 
9. Instructions to the public regarding prevention should include taking the following 
steps to prevent the spread of antibiotic-resistant staph skin infection to others:  
 
a. Keep the infected area covered with clean, dry bandages 
b. Wash your hands frequently with soap and warm water 
c. Regularly clean your bathroom and personal items 
d. All of the above 
 
   
10. Some people can be colonized with S. aureus and never get an infection. 
 
a. True 
b. False 
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11. Most skin infections will heal within a few weeks, but more serious skin infections 
can take longer to heal if treatment is delayed or if ineffective treatment is given. 
 
a. True 
b. False 
 
 
12. Staphylococci are amongst the most hardy of the nonspore forming bacteria and can 
survive significant adverse environmental conditions. 
 
a. True 
b. False 
 
   
13. Most MRSA infections are acquired nosocomially and most strains of MRSA are 
resistant to multiple antibiotics, including _______.  
 
a. clindamycin hydrochloride 
b. erythromycin 
c. the tetracylines 
d. All of the above 
 
   
14. The number of people carrying the recently discovered Community Acquired 
MRSA (CA-MRSA), which can be contracted in sports clubs and gyms, is said to have 
exploded due to widespread use of _______. 
 
a. clubs and gyms 
b. anti-biotics rendering them resistant to treatment. 
c. shared towels and other equipment in clubs 
d. None of the above 
 
   

15. The collective results of these studies indicate that CA-MRSA clonal-type ST-8 
(USA 300) is now widely prevalent in the United States. This strain appears to carry the 
following characteristics: 

 
a. It is relatively uncommon as a cause of nasal colonization 
b. It is a unique antibiotic-susceptibility profile compared with nosocomial MRSA 
c. It often has the genes that encode for the PVL virulence factor. 
d. All of the above 
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16. A newly described syndrome is necrotizing fasciitis caused by CA-MRSA. The 
treatment recommendation for soft-tissue abscesses is primarily drainage. The most 
frequently advocated antibiotics are _______. 
 
a. TMP-SMX 
b. doxycycline 
c. clindamycin 
d. All of the above 
 
 
17. The confined population and the widespread use of antibiotics have led to the 
development of antibiotic-resistant strains of S. aureus. These strains are called 
methicillin resistant staphylococcus aureus (MRSA), after the antibiotic treatment that 
was common when they were first identified in _____. 
 
a. 1950 
b. 1960 
c. 1970 
d. 1980 
 
   
18. Risk factors for MRSA infection in the hospital include _______. 
 
a. surgery 
b. admission to intensive care 
c. having an indwelling catheter 
d. All of the above 
 
   
19. Currently, patients with serious MRSA infections are usually treated with 
vancomycin. This is an antibiotic that must be administered _______ often for several 
weeks. 
 
a. orally 
b. by injection 
c. intravenously (IV) 
d. via a vaporizer 
 
   
20. _______ is the presence of the bacteria on a person’s body without observable 
clinical symptoms. 
 
a. Infection 
b. Infestation 
c. Colonization 
d. Inflammation 
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21. MRSA is almost always spread by direct physical contact and not through the air. 
 
a. True 
b. False 
 
   
22. Children colonized with MRSA should not be excluded from the classroom. The 
reasons for this recommendation include:  
 
a. The overall risk of infection from MRSA in the school setting will not be appreciably 
increased when children who are colonized with MRSA are admitted. 
b. The risk for acquisition of MRSA in the school setting by children, including those 
who are medically or developmentally challenged, is no greater than the risk of 
contracting a skin infection caused by other pathogens.  
c. Since the prevalence of MRSA is increasing in the community, it is likely that there are 
colonized individuals in school. 
d. All of the above 
 
   
23. Transmission of MRSA among sports participants is a concern. Possible risk factors 
for infection include _______. 
 
a. close  physical contact 
b. skin damage 
c. sharing of equipment or clothing 
d. All of the above 
 
  
24. CA-MRSA should be considered endemic in jail settings, and sporadic cases should 
be expected. 
 
a. True 
b. False 
 
   
25. Eliminating the occurrence of CA-MRSA in jails is quite possible.   
 
a. True 
b. False 
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Acute Respiratory Distress Syndrome (ARDS) 

 

Learning Objectives 
 
Upon successful completion of this course, you will be able to: 
 
 Define what is meant by “ARDS” including discussing its Symptoms, Pathophysiology, 
Causes, and Prevalence. 
 
 List the steps needed for diagnosis, and the various treatment modalities available today 
 
 Explain the role of CT Scans and Acute Respiratory Distress Syndrome 
 
 Discuss The Pragmatics of Prone Positioning 
 
 Explain what is meant by the Non-Ventilatory Strategies in ARDS 
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Overview 

Acute respiratory distress syndrome (ARDS) is sudden, life-threatening lung failure. 
ARDS inflames the alveoli, causing them to fill with liquid and collapse. Once the alveoli 
collapse, gas exchange ceases, and the body becomes starved of oxygen. ARDS requires 
treatment with mechanical ventilation or some other form of assisted breathing.  

ARDS is a syndrome, not a specific disease. A variety of underlying conditions, from 
blood-borne infections to major trauma, can cause the characteristic inflammation and 
accumulation of fluid (edema) in the alveoli.  

ARDS usually develops within 24 to 48 hours of the injury or illness. The duration and 
intensity of the condition can vary considerably from patient to patient. The mortality rate 
from ARDS ranges from 35–50%. In most cases, death results from underlying disease or 
from complications of mechanical ventilation. In patients who survive, normal lung 
function usually resumes within 6 to 12 months.  

 

 

Adult Respiratory Distress Syndrome: Definition 

Adult respiratory distress syndrome (ARDS), also called acute respiratory distress 
syndrome, is a type of lung (pulmonary) failure that may result from any disease that 
causes large amounts of fluid to collect in the lungs. ARDS is not itself a specific disease, 
but a syndrome, a group of symptoms and signs that make up one of the most important 
forms of lung or respiratory failure. It can develop quite suddenly in persons whose lungs 
have been perfectly normal. Very often ARDS is a true medical emergency. The basic 
fault is a breakdown of the barrier, or membrane that normally keeps fluid from leaking 
out of the small blood vessels of the lung into the breathing sacs (the alveoli). 

 

Description 

Another name for ARDS is shock lung. Its formal name is misleading, because children, 
as well as adults, may be affected. In the lungs the smallest blood vessels, or capillaries, 
make contact with the alveoli, tiny air sacs at the tips of the smallest breathing tubes (the 
bronchi). This is the all-important site where oxygen passes from air that is inhaled to the 
blood, which carries it to all parts of the body. Any form of lung injury that damages this 
point of contact, called the alveolo-capillary junction, will allow blood and tissue fluid to 
leak into the alveoli, eventually filling them so that air cannot enter. The result is the type 
of breathing distress called ARDS. ARDS is one of the major causes of excess fluid in 
the lungs, the other being heart failure. 
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Along with fluid there is a marked increase in inflamed cells in the lungs. There also is 
debris left over from damaged lung cells, and fibrin, a semi-solid material derived from 
blood in the tissues. Typically these materials join together with large molecules in the 
blood (proteins), to form hyaline membranes. (These membranes are very prominent in 
premature infants who develop respiratory distress syndrome; it is often called hyaline 
membrane disease.) If ARDS is very severe or lasts a long time, the lungs do not heal, but 
rather become scarred, a process known as fibrosis. The lack of a normal amount of 
oxygen causes the blood vessels of the lung to become narrower, and in time they, too, 
may become scarred and filled with clotted blood. The lungs as a whole become very 
"stiff," and it becomes much harder for the patient to breathe. 

 

Causes & symptoms 

A very wide range of diseases or toxic substances, including some drugs, can cause 
ARDS. They include:  

 Breathing in (aspiration) of the stomach contents when regurgitated, or salt water 
or fresh water from nearly drowning.  

 Inhaling smoke, as in a fire; toxic materials in the air, such as ammonia or 
hydrocarbons; or too much oxygen, which itself can injure the lungs.  

 Infection by a virus or bacterium, or sepsis, a widespread infection that gets into 
the blood.  

 Massive trauma, with severe injury to any part of the body.  
 Shock with persistently low blood pressure may not in itself cause ARDS, but it 

can be an important factor.  
 A blood clotting disorder called disseminated intravascular coagulation, in which 

blood clots form in vessels throughout the body, including the lungs.  
 A large amount of fat entering the circulation and traveling to the lungs, where it 

lodges in small blood vessels, injuring the cells lining the vessel walls.  
 An overdose of a narcotic drug, a sedative, or, rarely, aspirin.  
 Inflammation of the pancreas (pancreatitis), when blood proteins, called enzymes, 

pass to the lungs and injure lung cells.  
 Severe burn injury.  
 Injury of the brain or bleeding into the brain, from any cause may be a factor in 

ARDS for reasons that are not clear. Convulsions also may cause some cases.  

Usually ARDS develops within one to two days of the original illness or injury. The 
person begins to take rapid but shallow breaths. The doctor who listens to the patient's 
chest with a stethoscope may hear "crackling" or wheezing sounds. The low blood 
oxygen content may cause the skin to appear mottled or even blue. As fluid continues to 
fill the breathing sacs, the patient may have great trouble breathing, take very rapid 
breaths, and gasp for air. 
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Diagnosis 

A simple test using a device applied to the ear will show whether the blood is carrying 
too little oxygen, and this can be confirmed by analyzing blood taken from an artery. The 
chest x ray may be normal in the early stages, but, in a short time, fluid will be seen 
where it does not belong. The two lungs are about equally affected. A heart of normal 
size indicates that the problem actually is ARDS and not heart failure. Another way a 
physician can distinguish between these two possibilities is to place a catheter into a vein 
and advance it into the main artery of the lung. In this way, the pressure within the 
pulmonary capillaries can be measured. Pressure within the pulmonary capillaries is 
elevated in heart failure, but normal in ARDS. 

 

Treatment 

The three main goals in treating patients with ARDS are:  

 To treat whatever injury or disease has caused ARDS. Examples are: to treat 
septic infection with the proper antibiotics, and to reduce the level of oxygen 
therapy if ARDS has resulted from a toxic level of oxygen.  

 To control the process in the lungs that allows fluid to leak out of the blood 
vessels. At present there is no certain way to achieve this. Certain steroid 
hormones have been tried because they can combat inflammation, but the actual 
results have been disappointing.  

 To make sure the patient gets enough oxygen until the lung injury has had time to 
heal. If oxygen delivered by a facemask is not enough, the patient is placed on a 
ventilator, which takes over breathing, and, through a tube placed in the nose or 
mouth (or an incision in the windpipe), forces oxygen into the lungs. This 
treatment must be closely supervised, and the pressure adjusted so that too much 
oxygen is not delivered.  

Patients with ARDS should be cared for in an intensive care unit, where experienced staff 
and all needed equipment are available. Enough fluid must be provided, by vein if 
necessary, to prevent dehydration. Also, the patient's nutritional state must be maintained, 
again by vein, if oral intake is not sufficient. 

 

Prognosis 

If the patient's lung injury does not soon begin to heal, the lack of sufficient oxygen can 
injure other organs, such as the kidneys. There always is a risk that bacterial pneumonia 
will develop at some point. Without prompt treatment, as many as 90% of patients with 
ARDS can be expected to die. With modern treatment, however, about half of all patients 
will survive. Those who do live usually recover completely, with little or no long-term 
breathing difficulty. Lung scarring is a risk after a long period on a ventilator, but it may 
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improve in the months after the patient is taken off ventilation. Whether a particular 
patient will recover depends to a great extent on whether the primary disease that caused 
ARDS to develop in the first place can be effectively treated. 

 

Prevention 

The only way to prevent ARDS is to avoid those diseases and harmful conditions that 
damage the lung. For instance, the danger of aspirating stomach contents into the lungs 
can be avoided by making sure a patient does not eat shortly before receiving general 
anesthesia. If a patient needs oxygen therapy, as low a level as possible should be given. 
Any form of lung infection, or infection anywhere in the body that gets into the blood, 
must be treated promptly to avoid the lung injury that causes ARDS. 

Terms: 
Alveoli-- The tiny air sacs at the ends of the breathing tubes of the lung where 
oxygen normally is taken up by the capillaries to enter the circulation. 
 
Aspiration-- The process in which solid food, liquids, or secretions that normally are 
swallowed are, instead, breathed into the lungs. 
 
Capillaries-- The smallest arteries which, in the lung, are located next to the alveoli 
so that they can pick up oxygen from inhaled air. 
 
Face mask-- The simplest way of delivering a high level of oxygen to patients with 
ARDS or other low-oxygen conditions. 
 
Steroids-- A class of drugs resembling normal body substances that often help 
control inflammation in the body tissues. 
 
Ventilator-- A mechanical device that can take over the work of breathing for a 
patient whose lungs are injured or are starting to heal. 
 
 

 

Incidence and Prevalence  
According to the American Lung Association, the incidence of ARDS ranges from 1.5 to 
71 per 100,000 persons in the United States.  

Pathophysiology  
The respiratory system resembles an upside-down, hollow tree. Indeed, the passageways 
leading from the mouth to the interior of the lungs are referred to as the tracheobronchial 
tree. The parts of the body through which air enters and exits the body (i.e., the mouth, 
nose, larynx, and trachea) make up the "trunk" of the tree. The tubes that lead to the lungs 
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(bronchi) and the tiny tubes inside the lungs (bronchioles) are the tree's "branches" and 
"twigs."  

Air moves through the respiratory system from the base of the trunk to the tips of the 
twigs. Clustered at the tips of the trachiobronchial twigs are tiny air sacs called alveoli, 
where inhaled oxygen passes into the blood stream. This is where ARDS occurs.  

Injury to the alveoli  
About 90% of the cells that make up the alveoli are very thin "type I epithelial cells" 
across which actual gas exchange takes place. Oxygen normally diffuses very easily 
through this layer of cells into the capillaries where it binds with the hemoglobin in the 
red blood cells.  

The alveolar epithelial cells normally form a very tight barrier around the alveolar space, 
preventing any fluid from entering and disrupting gas exchange. In ARDS, the alveolar 
epithelial barrier breaks, allowing flooding of the alveolar space and making it difficult or 
impossible for oxygen to diffuse into the capillaries.  

ARDS also can affect the "type II alveolar cells". Type II cells are thicker, square-shaped 
cells and the main function of these cells is to produce surfactant. Surfactant plays an 
essential role in preventing the alveoli from collapsing. The flooding through the broken 
type I cell barrier and the diminished production of surfactant by the type II cells collapse 
the alveoli.  

Alveolar damage is increased by the activity of immune system cells (neutrophils) that 
rush to the site of injury, ironically, to help out. The activity of these cells and the 
inflammation they cause create a cascade of further injury that may extend into the 
capillaries as well.  

Injury to the alveolar capillaries  
If the original injury is in the alveolar capillaries that lie just beneath the alveoli, chemical 
mediators (usually cytokines) that the immune system releases in response, rush to the 
site of the injury, damaging and causing inflammation to the cells that line the capillaries 
(i.e., the capillary endothelium).  

As a result, cells and fluid leak through the capillaries and into the alveolar spaces; the 
capillaries become blocked with cellular debris and fibrin (i.e., protein that makes up 
blood clots); surfactant production ceases; and the alveoli collapse.  
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Causes  

There are a number of underlying conditions that can lead to ARDS. However, in most 
cases, people with these conditions do not develop ARDS. It is not clear why some 
people are at a higher risk than others. Causes of ARDS include the following:  

 Serious infection in the blood or other tissues (called sepsis; accounts for more 
than 30% of cases)  

 Severe chest trauma  
 Severe lung infection (e.g., bacterial or viral pneumonia)  
 Inhalation of vomited stomach contents  
 Inhalation of smoke or other toxic fumes  
 Fat embolis (globule of fat that blocks an artery)  
 Near drowning  
 Massive blood transfusion  
 Cardiopulmonary bypass surgery  
 Ingestion of certain drugs  
 Acute pancreatitis  

 
Signs and Symptoms  

The symptoms of ARDS develop suddenly and include the following:  

 Dyspnea (audible, labored breathing, shortness of breath)  
 Tachypnea (abnormally rapid breathing)  
 Severe hypoxemia (decreased oxygen concentration in the blood)  
 Pulmonary hypertension (high blood pressure in the pulmonary arteries)  
 Cyanosis (bluish discoloration of the skin due to poor oxygenation of the blood)  
 Presence of abnormal deposits in the lungs (detected by chest x-rays)  

 

Diagnosis  

ARDS is diagnosed primarily on the basis of the following clinical features:  

 Chest x-ray abnormalities (e.g., presence of fluid in the alveolar space of both 
lungs; changes on x-ray may lag several hours behind functional changes detected 
in arterial blood gas analysis)  

 Abnormalities in the arterial blood gas analysis that reflect difficulties in 
achieving sufficient oxygen levels in the blood  

 Absence of clinical evidence of left atrial hypertension of other causes of diffuse 
pulmonary infiltrates (e.g., congestive heart failure, pulmonary hemorrhage)  

 Abnormally low blood pressure in the pulmonary arteries  
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Complications  
 
Complications of ARDS include the following:  

 Multiorgan failure (or multiple organ dysfunction syndrome): The same 
inflammatory processes that injure the alveoli and capillary endothelial cells can 
damage other organs, including the liver, kidney, brain, blood, and immune 
system.  

 

 Irreversible pulmonary fibrosis (permanent scarring of lung tissue): Pulmonary 
fibrosis can lead to prolonged mechanical ventilation and lung dysfunction. 
Fibrosis decreases the abilities of the lungs to expand and oxygen to cross the 
alveolar-capillary barrier.  

Treatment  

Treatment for ARDS is initiated as soon as possible to reduce the risk for death and to 
help prevent additional damage to the lungs and other organs. The goal is to treat the 
underlying condition and keep the patient alive and breathing.  

Mechanical Ventilation  
In most cases, keeping the patient alive requires mechanical ventilation. With ARDS, the 
breathing muscles (i.e., diaphragm and other muscles in the chest) become fatigued very 
quickly and can stop working in their effort to get oxygen into the body. The level of 
oxygen in the blood drops rapidly to dangerously low levels, causing damage to vital 
organs and body processes. If the oxygen level is not improved quickly and maintained at 
adequate levels, damage (including severe brain damage) can be irreversible. Mechanical 
ventilation keeps the level of oxygen at life-sustaining levels.  

Once breathing is stabilized and blood is reoxygenated, the underlying condition is 
treated. For example, if the condition is pneumonia or a septic infection, the patient is 
treated with antibiotics.  

 

Positive Pressure Ventilation  
Mechanical ventilators deliver oxygen-rich air to the lungs and remove carbon dioxide 
from the body. The technique, also known as positive pressure ventilation, usually 
involves inserting an endotracheal tube into the trachea through the mouth or nose. The 
endotracheal tube passes through the upper airways, between the vocal cords, and into the 
trachea.  
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An inflatable balloon attached to the tube at the tracheal end prevents air from escaping 
through the upper airways and out of the body. The end of the tube outside of the body is 
connected to a ventilator (machine that forces air into the lungs by providing positive 
pressure).  

Normally, people breathe spontaneously by contracting the large dome-shaped muscle 
underneath the lungs (diaphragm). When the diaphragm contracts during inhalation, the 
dome deflates, the volume of the chest cavity increases, and negative pressure, or a 
partial vacuum, is created, bringing air into the lungs. When the diaphragm relaxes during 
exhalation, the dome rises, the volume of the chest cavity decreases, and air is pushed out 
of the lungs.  

Positive pressure ventilation does two things:  

 It pushes air into the lungs, relieving fatigued, non-functioning breathing muscles.  
 It creates positive pressure in the alveoli, keeping them from collapsing and 

pushing fluid out of the alveolar spaces.  

 

How long does a patient with ARDS need mechanical ventilation support?  
Positive pressure ventilation is maintained until the patient can breathe independently at a 
normal rhythm. Some patients need support for only a few days and others may require it 
for months.  

Health care practitioners often refer to taking a person off mechanical support as 
"weaning" them from the ventilator. Patients without a history of lung disease are usually 
weaned fairly smoothly. Difficult weaning may indicate complications, such as poor 
nutritional status, or an untreated or new infection. 

  

Noninvasive positive pressure ventilation (NIPPV)  
Positive pressure ventilation is sometimes accomplished with a facemask that forms a 
tight seal around the mouth and nose or just the nose. Since ventilation via an 
endotracheal tube is more efficient, NIPPV is usually used on a temporary basis and for 
milder cases.  

Continous positive airway pressure (CPAP)  
CPAP may be used temporarily in patients who can maintain breathing but cannot 
oxygenate adequately. CPAP is applied through a mask, in this instance usually over both 
the nose and mouth that forms a tight seal. Positive pressure is applied by a machine with 
inspiration and expiration, causing fluid to be pushed out of the alveolar space and 
opening alveoli or preventing them from collapsing.  

Techniques for patients who are difficult to oxygenate  
Sometimes, putting a patient into the prone position (on their stomach) helps positive 
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pressure get oxygen into the bloodstream easier. Lying on the stomach increases gas 
exchange in the alveoli.  

Inverse ratio ventilation and muscle-paralyzing drugs  
Inverse ratio ventilation is reserved for severe cases when it is impossible to oxygenate 
the patient adequately.  

Treatment involves increasing the amount of time that the ventilator is inspiring versus 
expiring. Patients normally spend more time exhaling than inhaling, at a ratio of about 
3:1. Increasing the amount of time spent inhaling re-expands more collapsed alveoli than 
positive pressure alone. This is an uncomfortable technique and usually requires sedation 
and a muscle-paralyzing drug that keeps the respiratory muscles from resisting the 
unnatural inverse ratio ventilation.  

Complications of mechanical ventilation  
Volutrauma, over expansion of the alveoli, can contribute to lung injury and is one of 
the most common complications of mechanical ventilation. Recent studies have shown 
that decreasing the amount of air pushed into the lungs can reduce the risk for 
volutrauma.  

Pneumothorax, air in the pleural cavity (the normally empty space between the lungs 
and the ultra thin membranes that surround the lungs [pleura]), occurs when lung tissue 
ruptures. Weakened lungs, high pressures from the ventilator, and the high volume of air 
increase the risk for pneumothorax.  

Medication  
Most medications prescribed during an ARDS episode treat the underlying condition. 
Although corticosteroids have no proven benefit for early ARDS, they may be beneficial 
7 to 10 days following mechanical ventilation. Sedating or muscle-paralyzing drugs are 
used during mechanical ventilation to prevent resistance to the forced movement of air.  

Other Treatments  
Other techniques have been used to restore breathing in patients with ARDS (e.g., 
inhalation of nitric oxide), but they do not prolong survival or prevent further lung 
damage.  

For example, inhaled nitric oxide can significantly improve pulmonary hypertension, a 
complication of ARDS, but its toxic byproducts can be damaging. Initial studies of an 
aerosolized synthetic surfactant designed to keep the alveoli from collapsing have been 
disappointing.  
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General Review 

Adult respiratory distress syndrome: Respiratory failure caused by various acute 
pulmonary injuries and characterized by noncardiogenic pulmonary edema, 
respiratory distress, and hypoxemia. 

Etiology  

Adult respiratory distress syndrome (ARDS), a common medical emergency, is 
precipitated by various acute processes that directly or indirectly injure the lung, e.g., 
sepsis, primary bacterial or viral pneumonias, aspiration of gastric contents, direct chest 
trauma, prolonged or profound shock, burns, fat embolism, near drowning, massive blood 
transfusion, cardiopulmonary bypass, O2 toxicity, acute hemorrhagic pancreatitis, 
inhalation of smoke or other toxic gas, and ingestion of certain drugs. The incidence of 
ARDS is estimated to be > 30% with sepsis. Although termed "adult," this syndrome also 
occurs in children. 

 

Pathophysiology  

The initial lung injury is poorly understood. Animal studies suggest that activated WBCs 
and platelets accumulate in capillaries, the interstitium, and airspaces; they may release 
prostaglandins, toxic O2 radicals, proteolytic enzymes, and other mediators (such as 
tumor necrosis factor and interleukins), which injure cells, promote inflammation and 
fibrosis, and alter bronchomotor tone and vasoreactivity. 

When the pulmonary capillary and alveolar epithelia are injured, plasma and blood leak 
into the interstitial and intra-alveolar spaces. Alveolar flooding and atelectasis result; 
atelectasis is due in part to reduced surfactant activity. The injury is not homogeneous 
and affects mainly the dependent lung zones. Within 2 to 3 days, interstitial and 
bronchoalveolar inflammation develops, and epithelial and interstitial cells proliferate. 
Then, collagen may accumulate rapidly, resulting in severe interstitial fibrosis within 2 to 
3 wk. These pathologic changes lead to low lung compliance, decreased functional 
residual capacity, ventilation/perfusion imbalances, increased physiologic dead space, 
severe hypoxemia, and pulmonary hypertension. 

 

Symptoms, Signs, and Diagnosis  

ARDS usually develops within 24 to 48 h after the initial injury or illness. Dyspnea 
occurs first, usually accompanied by rapid, shallow respiration. Intercostals and 
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suprasternal retraction may be present on inspiration. The skin may appear cyanotic or 
mottled and may not improve with O2 administration. Auscultation may detect crackles, 
rhonchi, or wheezes, or findings may be normal. 

Early diagnosis requires a high index of suspicion aroused by the onset of dyspnea in 
settings that predispose to ARDS. A presumptive diagnosis can be made with arterial 
blood gas analysis and chest x-rays. This analysis initially shows acute respiratory 
alkalosis: a very low PaO2, a normal or low PaCO2, and an elevated pH. Chest x-rays 
usually show diffuse bilateral alveolar infiltrates similar to acute pulmonary edema of 
cardiac origin, but the cardiac silhouette is usually normal. However, changes seen on x-
ray often lag many hours behind functional changes, so hypoxemia may seem 
disproportionately severe compared with the edema observed on chest x-ray. The 
extremely low PaO2 often persists despite high concentrations of inspired O2 (FIO2), 
indicating pulmonary right-to-left shunting through atelectatic and consolidated lung 
units that are not ventilated. 

After immediate treatment of hypoxemia, further diagnostic steps are indicated. When 
there is doubt about whether a patient has heart failure, a Swan-Ganz catheter may help. 
Characteristically, pulmonary arterial wedge pressure (PAWP) is low (< 18 mm Hg) in 
ARDS and high (> 20 mm Hg) in heart failure. If pulmonary embolism, which may 
mimic ARDS, is considered likely, appropriate diagnostic procedures (e.g., pulmonary 
angiography) should be performed after the patient is stabilized. Pneumocystis carinii 
pneumonia and occasionally other primary lung infections may mimic ARDS and should 
be considered, especially in immunocompromised hosts; lung biopsy or bronchoscopy-
guided bronchoalveolar lavage may be helpful. 

The American-European Consensus Conference defines ARDS as PaO2/FIO2< 200 
(regardless of positive end-expiratory pressure), bilateral infiltration on frontal chest x-
rays, and PAWP <= 18 mm Hg when measured or no clinical evidence of left atrial 
hypertension. 

 

Complications and Prognosis  

Secondary bacterial superinfection of the lungs, particularly by aerobic gram-negative 
bacteria (such as Klebsiella, Pseudomonas, and Proteus spp) and by gram-positive 
Staphylococcus aureus, especially methicillin-resistant strains; multiple organ system 
failure, especially renal failure; and complications of invasive life support may occur and 
are associated with high morbidity and mortality. Tension pneumothorax associated with 
the placement of central venous catheters and with the use of positive pressure ventilation 
(PPV) and positive end-expiratory pressure (PEEP) may occur suddenly. Prompt 
recognition and treatment are necessary to prevent death. Tachycardia, hypotension, and 
a sudden increase in the peak inspiratory pressures required for mechanical ventilation 
suggest possible pneumothorax. Pneumothorax occurring late in ARDS is an ominous 
sign because it is usually associated with severe lung damage and a need for high 
ventilatory pressures.  
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Without adequate replacement of intravascular volume, PPV and PEEP may decrease 
venous return, resulting in depression of cardiac output and of overall O2 transport to the 
tissues, which contributes to secondary multiple organ system failure. 

The survival rate for patients with severe ARDS who receive appropriate treatment is 
about 60%; if the severe hypoxemia of ARDS is not recognized and treated, 
cardiopulmonary arrest occurs in 90% of patients. Those who respond promptly to 
treatment usually have little or no residual pulmonary dysfunction or disability. Patients 
needing prolonged ventilatory support with FIO2 > 50% are more likely to develop lung 
fibrosis. In most patients who survive acute illness, lung fibrosis resolves after several 
months, but the mechanism of resolution is unknown. 

Treatment  

Management principles are similar despite different etiologies. Oxygenation must be 
maintained, and the underlying cause of acute lung injury corrected. Meticulous attention 
is necessary to prevent nutritional depletion, O2 toxicity, superinfection, barotrauma, and 
renal failure, which may be worsened by intravascular volume depletion. While the 
diagnosis is being considered, life-threatening hypoxemia must be treated with a high 
FIO2 and monitored with repeated arterial blood gases or noninvasive oximetry. Prompt 
endotracheal intubation with mechanical ventilation and PEEP may be needed to deliver 
O2 because hypoxemia is frequently refractory to O2 inhalation by face mask. 

Intravascular volume is often depleted with the onset of ARDS, because sepsis is the 
underlying cause, because diuretic therapy was given before ARDS was suspected, or 
because initiation of PPV decreases venous return. Despite the presence of alveolar 
edema, IV fluids should be given if needed to restore peripheral perfusion, urine output, 
and BP. Monitoring vascular volume is crucial because both hypovolemia and over-
hydration are deleterious.  

Physical findings and central venous pressure may be misleading in critically ill patients 
undergoing mechanical ventilation, and if severe hypoxemia persists, if skin perfusion is 
poor, if mentation is impaired, or if urinary output decreases (< 0.5 ml/kg/h), a reliable 
index of intravascular volume is needed immediately. A Swan-Ganz catheter generally is 
used to guide volume infusions, particularly if PEEP is needed. However, the use of 
Swan-Ganz catheters is not without risk. Close daily monitoring of the patient's weight 
and total intake and output of fluids is also essential for fluid management. As a rule, 
patients with ARDS do better if kept on the "dry" side--by restricting fluids and 
judiciously using diuretics--as long as cardiac output and tissue perfusion are not 
impaired. 

If sepsis is or could be the cause of ARDS, empirical antibiotic therapy should be 
initiated pending culture results. Surveillance cultures and Gram stains of sputum or 
tracheal aspirates can help detect lung superinfection early and guide antibiotic therapy. 
Closed-space infections should be drained. Alimentation should be begun within 48 to 72 
h; the enteral route is preferred because it protects the gut mucosal lining. 
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Corticosteroids are of no proven benefit in acute ARDS, although anecdotal reports 
suggest benefit in some patients with ARDS in the late fibro-proliferative phase, which 
may develop after 7 to 10 days of mechanical ventilation. Concurrent lung infection must 
be excluded in these patients, who often are febrile and have leukocytosis, with or 
without infection. 

Many approaches to the prevention and management of ARDS have been unsuccessful or 
inconclusive. Treatments that have not improved outcome or prevented ARDS include 
monoclonal antibody to endotoxin, monoclonal antibody to tumor necrosis factor, 
interleukin-1 receptor antagonist, prophylactic (early) PEEP, extracorporeal membrane 
oxygenation and extracorporeal CO2 removal, IV albumin, volume expansion and 
cardiotonic drugs to increase systemic O2 delivery, corticosteroids in early ARDS, 
parenteral ibuprofen to inhibit cyclooxygenase, prostaglandin E1, and pentoxifylline. 
Several approaches show promise but need further study. 

The prone position can substantially improve oxygenation in some patients, probably 
because this position shifts perfusion and gas exchange to more normal, previously 
nondependent lung zones. Whether this technique improves gas exchange in severe 
ARDS and whether it can reduce the duration of mechanical ventilation and improve 
overall survival is unclear. Patient positioning is difficult to perform. 

Inhaled nitric oxide can significantly improve pulmonary hypertension and arterial 
oxygenation in patients who have severe ARDS without causing systemic hypotension. 
Whether nitric oxide improves survival and whether prolonged use promotes further lung 
injury from toxic nitric oxide by-products, such as the peroxynitrite anion, remains to be 
shown. 

Ketoconazole may help prevent ARDS by suppressing the formation and release of tumor 
necrosis factor from macrophages. Its clinical benefit in small preliminary studies needs 
to be confirmed in larger well-controlled studies. Initial studies of aerosolized synthetic 
surfactant in adult ARDS patients have been disappointing. Improved aerosol delivery 
devices and natural mammalian surfactant preparations may improve alveolar stability, 
reduce atelectasis and intrapulmonary blood shunting, and enhance the antibacterial and 
anti-inflammatory properties of the alveolar lining fluid; additional studies using these 
approaches are in progress. 

Mechanical ventilation: Most patients require endotracheal intubations and assisted 
ventilation with a volume-limited mechanical ventilator. Endotracheal intubation and 
PPV should be considered if the respiratory rate is > 30 breaths/min or if an FIO2 > 60% 
by face mask is required to maintain arterial PO2 at 70 mm Hg for more than a few 
hours. As an alternative to intubation, a continuous positive airway pressure mask may 
effectively deliver PEEP in patients with mild or moderate ARDS. Such masks are not 
recommended for patients with depressed consciousness because of the risk of aspiration 
and should be replaced by a ventilator if patients progress to severe ARDS or show signs 
of respiratory muscle fatigue with increasing respiratory rate and arterial PCO2. 
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Conventional settings on a volume-limited ventilator in ARDS are a tidal volume of 10 to 
15 mL/kg, a PEEP of 5 to 10 cm H2O, an FIO2 of <= 60%, and a patient-triggered assist-
control mode. Intermittent mandatory ventilation with an initial rate of 10 to 12 
breaths/min with PEEP may be used instead. 

There is concern that high ventilator pressures and volumes in ARDS can worsen lung 
injury, but this effect has not been proved. A PEEP that is too low can also damage the 
lung by allowing unstable terminal lung units to open and close repeatedly. This problem 
may be circumvented with small tidal volumes (6 to 8 mL/kg) and a higher PEEP 
(between 10 and 18 cm H2O). 

The goal of small tidal volumes is to prevent ventilator-generated breaths from exceeding 
the upper inflection (deflection) point of the patient's pressure-volume curve and from 
causing lung over-distention. Beyond this point, the lung becomes quite stiff, and small 
increments in tidal volume cause large increases in ventilator plateau pressure (the 
pressure needed to maintain lung and chest wall inflation after inspiratory flow has 
ended). For technical reasons, the upper inflection point is often not measured directly. 
Instead, ventilator plateau pressure is measured, which in most patients should not exceed 
25 to 30 cm H2O (or 20 to 25 cm H2O according to some investigators). With a reduced 
tidal volume, the respiratory rate of the ventilator can be increased to maintain an 
adequate arterial pH and PCO2. Some patients still develop hypercapnia and respiratory 
acidosis, which is usually well tolerated. If arterial pH falls below 7.20, a slow 
bicarbonate infusion can be started. 

Theoretically, the PEEP selected should be several centimeters of water above the lower 
inflection point on the patient's pressure-volume curve to promote generous alveolar 
recruitment and inflation. If the lower inflection point is not directly determined, a PEEP 
of 10 to 15 cm H2O often suffices. At a satisfactory PEEP setting, the ventilator FIO2 can 
usually be decreased to a safe level of < 50 to 60%, so that the patient has a satisfactory 
PaO2 of >= 60 mm Hg or arterial O2 saturation (SaO2) >= 90%. For adequate tissue O2 
transport, the cardiac index should be >= 3 L/min/m2; occasionally, volume infusion or 
parenteral cardiotonic drugs are needed. 

Alternatively, pressure-controlled mechanical ventilation may be used, mainly for 
patients with severe ARDS. Inspiratory pressure and duration are selected, and tidal 
volume varies with inspiratory impedance; high inspiratory ventilator pressures are thus 
avoided, but permissive hypercapnia often results. This approach is often combined with 
inverse ratio ventilation, in which the duration of inspiration is set to equal or exceed that 
of exhalation. This technique may recruit and re expand more lung units than PEEP can 
alone (partly by producing intrinsic or auto-PEEP), so that injuriously high FIO2 can be 
reduced further. This technique is uncomfortable and requires patient sedation, often 
together with a muscle-paralyzing drug. 

Weaning readiness is based on continued evidence of improved lung function (i.e., a 
decreasing need for O2 and PEEP), improvement seen on x-rays, and resolution of 
tachypnea.  
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Patients without previous underlying pulmonary disease can usually be weaned smoothly; 
difficulty in weaning may indicate an untreated or a new site of infection, over-hydration, 
bronchospasm, anemia, electrolyte disturbance, cardiac dysfunction, or poor nutritional 
status causing respiratory muscle weakness. If these conditions are treated, weaning can 
usually be accomplished by the use of intermittent mandatory ventilation to decrease the 
mechanical rate, often with some pressure support ventilation, or by trials of spontaneous 
breathing for progressively longer periods through a T-piece attached to the endotracheal 
tube. A low PEEP (  5 cm H2O) is usually maintained throughout the weaning process. 
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CT Scans and Acute Respiratory Distress Syndrome 

Acute lung injury and the adult respiratory distress syndrome (ARDS) are major 
contributors to the mortality and morbidity of critically ill adult patients admitted to the 
intensive care unit (ICU). ARDS is characterized by the presence of ARDS-related 
known risk factors, severe hypoxemia, bilateral lung infiltrates visible on the chest 
radiograph, and a normal pulmonary capillary wedge pressure.  At the present time, no 
specific pharmacological therapy has been confirmed to be beneficial. Management of 
these patients is supportive, and it includes the use of mechanical ventilation while 
predisposing conditions are identified and corrected. Despite advances in supportive care, 
the mortality rate in patients with ARDS is still high, and is generally more than 50% 

In most ICUs, obtaining a chest radiograph each day is the current practice. The chest 
radiograph remains the most commonly used diagnostic tool for following the evolution 
of lung disease in the ICU. The efficiency and effectiveness of routine daily chest films 
are, however, still under debate. The changes seen in the chest radiograph in ARDS are 
characteristic, but nonspecific, and therapeutic interventions may alter the radiographic 
findings. Unfortunately, the accuracy of the routine radiograph in distinguishing 
hydrostatic from increased-permeability edema is not high; at best, this test is unlikely to 
yield more than a 60% to 80% accuracy of diagnosis when applied in vacuo. Several 
studies consider CT scanning to be part of the routine management of ARDS, and it has 
become a very popular tool. The detailed, accurate images provided by CT scanners have 
encouraged physicians to use CT more frequently, mainly to improve the description of 
the pathological process. 

CT scans offers many advantages. They avoid superimposition of different structures and 
allow accurate measurement of the extent of abnormalities and the density of structures 
of interest (the superimposition of differing pathologies, such as pleural effusion, 
pneumothorax, and lung consolidation, can be undetectable on conventional chest films). 
CT scans do, however, carry some disadvantages they are costly, they expose patients to 
a higher amount of radiation than standard chest radiographs do, and they can increase 
morbidity related to transportation to the CT suite. 

CT scanning is an accurate method of measuring regional radiographic density12 (the 
property of substances that permits absorption of x-rays), and it is well correlated to 
physical density.  

Radiographic density is usually expressed in Hounsfield units (H). These are scaled from 
air (-1,000 H) to water (0 H) to bone, which usually has a density of more than +1,000 H. 
In ARDS patients, the radiographic density of dependent lung regions is around 200 H. 

Diagnosing ARDS 
During early phases of disease, CT scanning reveals ground-glass opacities and 
heterogeneous consolidation distributed peripherally and mainly in the dependent 
portions of the lung, but it also can include patchy infiltrates with lung areas of normal 
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appearance (preservation of normal lung regions in ARDS). When analyzing lung CT 
scans, researchers Pelosi et al and Sottiaux assessed the relative regional proportion of 
tissue volume (lung tissue, extra vascular water, blood, and fibrin) and gas volume in 
normal subjects and patients with ARDS who were supine. The authors showed a high 
rate of decrease in the gas-to-tissue ratio from ventral to dorsal lung levels in ARDS 
patients.  

Normally, the gas fraction reaches approximately 62% to 65% of total lobe volume; in 
ARDS patients, the lower lobe’s gas fraction represents only 12% to 18% of the overall 
lobe volume. Volume of the lungs’ lower lobes is greatly reduced in ARDS patients 
secondary to a severe loss of gas, and nearly total alveolar collapse is observed, 
especially in the most dependent regions. The dependent distribution of apparent lung 
damage may, in fact, reflect gravity-provoked atelectasis rather than more severe disease. 

Air bronchograms, bronchial dilatation, and pleural effusion are common findings in 
ARDS. CT scans can suggest the presence of lung abscesses and blebs, mainly in 
dependent portions of the lung. With this image study, the physician can detect 
unsuspected postoperative abdominal or mediastinal abscesses and early barotraumas 
(interstitial pulmonary emphysema, pneumothorax, pneumomediastinum, 
pneumopericardium, and subcutaneous emphysema) secondary to mechanical ventilation. 
A small pneumothorax can often be difficult to diagnose using chest radiographs alone, 
but CT scans can easily lead to its identification. Drainage of mild pneumothorax and 
pleural effusion can also be facilitated under CT scan guidance. 

CT scans have demonstrated that there is a reversal of lung opacification when patients 
with ARDS are in the prone position; densities move from dorsal to ventral positions, 
following the gravitational field. 

CT Scans and Mechanical Ventilation 
Ventilatory strategies preventing alveolar over distension and cyclic end-expiratory 
collapse in ARDS patients are now widely accepted. The main recruitment maneuvers 
include prone positioning, extrinsic positive end-expiratory pressure (PEEP), periodic 
deep breaths or sighs, sustained inflation, or continuous/bi-level positive airway pressure. 
Recruitment implies the use of relatively high levels of pressure. These maneuvers could 
be useful in improving oxygenation, decreasing shunt fraction, sustaining lung volume, 
and reducing the amount of atelectasis. CT scans are also a powerful tool for measuring 
lung recruitment. This can be quantified by measuring how much nonaerated tissue 
becomes aerated by the application of different levels of PEEP.20 Alternative approaches 
include computing changes in the weight of normally aerated tissue or computing the 
weight of consolidated tissue. 

The effects of PEEP in patients with ARDS have also been well demonstrated in CT 
scans. The application of PEEP is generally associated with the resolution of radiographic 
density and a decrease in the amount of consolidated tissue. Studies also show that, with 
this distribution of abnormalities, PEEP ventilation induces lung overdistension in the 
nondependent, normal lung, and that this portion of lung is susceptible to barotraumas. 
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There are studies evaluating tidal volume and recruitment by means of CT scans. These 
scans were taken at the end of inspiration and the end of expiration; they show that the 
amount of recruitment/derecruitment decreases with increasing PEEP at constant tidal 
volumes. Increasing PEEP also makes gas distribution more homogeneous. 

Some investigators have used CT studies to interpret pressure-volume curves in patients 
with ARDS. Pressure-volume curves show respiratory performance and how mechanical 
ventilation and ventilator settings affect the respiratory system. In pressure-volume 
curves, the lower inflection point corresponds to the pressure at which recruitment takes 
place, while the upper inflection point is the pressure at which alveoli start to be over-
distended. Investigators assessed the relationship between the shape of the pressure-
volume curve and lung morphology using high-resolution spiral CT scans.  

These studies suggest that in patients without lower inflection points and with 
predominant consolidation of basal zones, there is a serious risk of overdistension at high 
PEEP levels. Patients who have lower inflection points and predominantly diffuse 
consolidation have considerable recruitment at high PEEP levels and little overdistension 
at the end of expiration. 

Other issues 
Two CT-scan abnormalities seen after weeks to months of follow-up care in survivors of 
ARDS are the presence of a reticular pattern and bronchial dilatation with distortion of 
lung architecture, predominantly distributed in areas that were nondependent. 

A study26 of abdominal CT scans in ARDS patients detected pathological findings in 75 
(82%) of 92 patients. Hepatomegaly, found in 48 (52%), was the most common finding; 
free abdominal fluid was detected in 29 (31%); and splenomegaly in 25 (27%). The 
overall lethality in patients with pathological findings was about twice as high (23%) as 
in those without such findings (12%). The authors concluded that the prevalence of 
pathological findings in abdominal CT scans is a reliable indicator of unfavorable courses 
and outcomes in patients with ARDS. An increase in abdominal pressure can contribute 
to formation of atelectasis in the adjacent regions of the lower lobes, which CT scans can 
demonstrate. 

Conclusion 
CT scans are being used with increasing frequency in ARDS patients. There are several 
clinical insights that CT scans can offer in ARDS patients, such as morphological 
description, recognition of specific lesions that were previously unrecognized, 
quantitative analysis of lung tissue, measurement of mechanical ventilation’s effects, and 
the evolution of the disease. 

CT is also moving from being an investigational tool in this arena toward becoming part 
of the standard clinical management of ARDS patients. The main limitations of CT scans 
are the risks of transferring patients to the CT suite. In the near future, this risk could be 
reduced by the availability of bedside CT scanning. There are also unanswered questions 
remaining, and further investigation of this topic is required.  
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The Pragmatics of Prone Positioning 

Credit to: Erica Messerole, Pam Peine, Sue Wittkopp, John J. Marini and Richard 
K. Albert Departments of Medicine and Nursing, Regions Hospital and University of 
Minnesota, Minneapolis, Minnesota; Denver Health Medical Center; and University of 
Colorado Health Sciences Center, Denver, Colorado  

Patients with acute respiratory distress syndrome (ARDS) or acute lung injury (ALI) 
are frequently kept in the supine position for days to weeks, with the only variation being 
periodic 15–45° turns to both lateral decubitus positions. A number of observations 

suggest, however, that the primary horizontal posture should be prone rather than the 
supine. When patients are prone:  

1. Functional residual capacity may be higher, thereby reducing end-expiratory 

airspace closure. This benefit is important relative to gas exchange as it will 
particularly affect the dorsal lung, and this region receives the greatest proportion 

of perfusion in all postures.  
2. The generally dorsal-to-ventral orientation of the major airways may allow more 

efficient drainage of secretions.  
3. Regional ventilation and regional ventilation-to-perfusion relationships are more 

uniform  and gas exchange is improved  as a result of the anatomy of the 

diaphragm, postural differences in chest wall mechanics, and/or because the lungs 
fit into the thorax with less distortion from the heart, mediastinum, and diaphragm.  

4. The effect of recruiting maneuvers on oxygenation is both increased and 
prolonged.  

5. Ventilator-induced lung injury may be reduced.  

Prone ventilation has not been associated with a high incidence of serious complications 
or problems, but many clinicians and nurses are reluctant to employ the intervention 
because it represents a departure from routine intensive care unit practice. Our extensive 
experience with prone ventilation has led us to recognize that numerous issues should be 
considered before, during, and after the turning process and that critical aspects can be 
easily overlooked.  

Accordingly, we suggest that a specific algorithm should be used, regardless of whether 
the team is experienced with prone positioning or is trying it for the first time. The 
purpose of this communication is to provide such an algorithm and discuss its 
components (Table 1).  
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TABLE 1. Algorithm for prone positioning 

Preparation  

1. Check for contraindications.  
a. Facial or pelvic fractures 
b. Burns or open wounds on the ventral body surface 
c. Conditions associated with spinal instability (e.g., rheumatoid 

arthritis, trauma) 
d. Conditions associated with increased intracranial pressure 
e. Life-threatening arrhythmias 

2. Consider possible adverse effects of prone positioning on chest tube 
drainage. 

3. Whenever possible, explain the maneuver to the patient and/or their 
family. 

4. Confirm from a recent chest roentgenogram that the tip of the 
endotracheal tube is located 2–4 cm above the main carina. 

5. Inspect and confirm that the endotracheal tube and all central and large 
bore peripheral catheters are firmly secured. 

6. Consider exactly how the patient's head, neck, and shoulder girdle will 
be supported after they are turned prone. Assemble all needed pillows, 
foam pads, or other types of supports that might be needed. 

7. Stop tube feeding, check for residual, fully evacuate the stomach, and 
cap or clamp the feeding and gastric tubes. 

8. Prepare endotracheal suctioning equipment, and review what the 
process will be if copious airway secretions abruptly interfere with 
ventilation. 

9. Decide whether the turn will be rightward or leftward. 
10. Prepare all intravenous tubing and other catheters and tubing for 

connection when the patient is prone.  
a. Assure sufficient tubing length 
b. Relocate all drainage bags on the opposite side of the bed 
c. Move chest tube drains between the legs 
d. Reposition intravenous tubing toward the patient's head, on the 

opposite side of the bed 

 

The Turning Procedure  

1. Place one (or more) people on both sides of the bed (to be responsible 
for the turning processes) and another at the head of the bed (to assure 
the central lines and the endotracheal tube do not become dislodged or 
kinked). 
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2. Increase the FIO2 to 1.0 and note the mode of ventilation, the tidal 
volume, the minute ventilation, and the peak and plateau airway 
pressures. 

3. Pull the patient to the edge of the bed furthest from whichever lateral 
decubitus position will be used while turning. 

4. Place a new draw sheet on the side of the bed that the patient will face 
when in this lateral decubitus position. Leave most of the sheet 
hanging. 

5. Turn the patient to the lateral decubitus position with the dependent 
arm tucked slightly under the thorax. As the turning progresses the 
nondependent arm can be raised in a cocked position over the patient's 
head. Alternatively, the turn can progress using a log-rolling procedure. 

6. Remove ECG leads and patches. Suction the airway, mouth, and nasal 
passages if necessary. 

7. Continue turning to the prone position. 
8. Reposition in the center of the bed using the new draw sheet. 
9. If the patient is on a standard hospital bed, turn his/her face toward the 

ventilator. Assure that the airway is not kinked and has not migrated 
during the turning process. Suction the airway if necessary. 

10. Support the face and shoulders appropriately avoiding any contact of 
the supporting padding with the orbits or the eyes. 

11. Position the arms for patient comfort. If the patient cannot 
communicate avoid any type of arm extension that might result in a 
brachial plexus injury. 

12. Auscultate the chest to check for right mainstem intubation. Reassess 
the tidal volume and minute ventilation. 

13. Adjust all tubing and reassess connections and functions. 
14. Reattach ECG patches and leads to the back. 
15. Tilt the patient into reverse Trendelenberg. Slight, intermittent lateral 

repositioning (20–30°) should also be used, changing sides at least 
every 2 hours. 

16. Document a thorough skin assessment every shift, specifically 
inspecting weight bearing, ventral surfaces. 

 

 
 

 
Indications  

The beneficial effects of prone ventilation on oxygenation have been observed in patients 
with ARDS and ALI resulting from numerous conditions (e.g., aspiration, pneumonia, 
sepsis, trauma, cardiac surgery). There are theoretical reasons to suggest that the 

improvement in patients with a pulmonary cause for ARDS/ALI might be less than in 
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those with an extra pulmonary cause. Yet, Lim and colleagues found impressive 
responses in both ARDS subtypes, with only minor differences in the timing of the 
response. Oxygenation also improves when patients with congestive heart failure are 
turned prone.  

Contraindications  

Although no studies have objectively identified any absolute contraindications to prone 
positioning, we suggest that serious burns or open wounds on the face or ventral body 
surface, spinal instability (as might be seen in patients with rheumatoid arthritis or 
trauma), pelvic fractures, or life-threatening cardiac arrhythmias or hypotension should 
preclude prone positioning. Some methods of prone positioning require the head to be 
turned sharply to one side or the other. Such torsion may compress the jugular veins and, 
as such, should be avoided in patients with increased intracranial pressure. This problem 
can be avoided by using specially designed beds that allow patients to be turned while the 
position of the head and neck remains fixed.  

Tracheotomy tubes present a logistic difficulty when considering prone positioning, but 
there are several ways by which patients can be supported such that these tubes will have 
no direct contact with the bed or the supporting padding and would not be subjected to 
undue torsion.  

Chest tubes inserted in the dorsal or ventral pleural space to drain fluid or gas, 
respectively, will be less well positioned for these purposes when patients are turned 
prone. Although we know of no documented instance where this has adversely affected 

gas exchange, this problem should be anticipated before the turn if patients have ongoing 
drainage of large volumes of pleural fluid or large air leaks so that additional chest tubes 
can be inserted without delay. In our experience, patients with large bronchopleural 
fistulas seldom benefit from prone positioning.  

Patients with obesity, ascites, or other problems resulting in increased intra-abdominal 
pressure may increase abdominal pressure further when turned prone, but this effect is 
neither intrinsically hazardous nor predictably detrimental to gas exchange. In fact, there 
are both theoretical arguments and some clinical data suggesting that obese patients may 
actually have a greater improvement in gas exchange when turned prone, perhaps because 
the effects of the supine posture may be worse in obese patients. The compression of the 
inferior vena cava that occurs in supine women during late-stage pregnancy is improved 
by left lateral decubitus positioning. The effect of the prone position has not been 
assessed in this setting.  

Dialysis and other central catheters may need to be carefully secured and should receive 
increased attention during the turning process, but the presence of these catheters should 
not be considered a contraindication to prone positioning.  

Practical Problems to Consider Before Turning  
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Without appropriate preparation and direct visual monitoring, the process of turning may, 
in theory, cause catheter extraction or endotracheal extubation. In practice, however, 
these problems do not occur more commonly than in patients who are not turned. 
Personnel involved in the turning process have many things to do in rapid succession 
such that their attention can be distracted away from the catheters and the endotracheal 
tube. Accordingly, we recommend having one person assigned to do nothing more than 
monitor the central lines and the endotracheal tube during the turning process. This 
person should be aware of the possibility that the endotracheal tube may kink during or 
after repositioning, with the potential to produce life-threatening hypotension, 
hypoventilation, pneumothorax, and even cardiac or respiratory arrest.  

Endotracheal tubes may move during the turning process as well as with repositioning the 
head and neck after turning. Correctly positioning the endotracheal tube relative to the 
carina before the turn (i.e., the distal end of the tube located 2–4 cm above the main 
carina) will allow the greatest excursion of tip position without extubation or mainstem 
bronchus intubation. Although oral fixators may help limit tube movement, they may also 
increase the risk of the tube kinking after turning.  

Because central venous catheters can also kink, their patencies should be checked shortly 
after turning. The potency of all catheters through which vasopressor agents are being 
administered should be monitored throughout the turning process.  

On occasion, prone positioning can result in such copious drainage of airway secretions 
that ventilation becomes impaired. Large volumes of nasal and oral secretions can also 
appear. Suctioning equipment should be prepared before turning, and personnel should be 
ready to aggressively suction the airway as soon as the prone position is achieved.  

Oxygenation commonly falls transiently during the turning process.  An abrupt reduction 
in pulse oximetry should not be interpreted as a failure of prone positioning. Although 
only 50–75% of patients will have an improvement in their oxygenation on turning prone, 
occasional patients will experience desaturation. In our experience, if oxygenation falls 
during the turning process, it returns at least to the degree seen when the patient was 
supine within a minute or two of turning.  

Chest wall compliance may decrease on turning prone. If this occurs and pressure-control 
ventilation is being used, tidal volume will fall and PaCO2 will rise unless the respiratory 

rate is adjusted.  

Voltages and vectors measured on the electrocardiogram may change somewhat between 
positions as the heart shifts in the thorax and the electrodes are moved from the chest to 
the back.  

The head is usually turned to the left or right when patients are turned prone to minimize 
any orbital or facial pressure and to avoid lip or nasal trauma caused by the endotracheal 

tube. This lateral rotation may be difficult to accomplish in elderly patients who have stiff 
cervical spines or in those with cervical disk disease. In such circumstances we consider 

using foam donuts that suspend the head off of the bed without any lateral rotation. These 
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donuts may, however, result in greater facial trauma as the weight of the head is 
supported by a much smaller surface area. Any pillows, pads, and other devices that 

might be needed to support the head or other body parts after the turn should be available 
before beginning the process.  

 

The number of people it takes to safely turn a patient depends, in part, on the size of the 
patient and the patient's ability to assist with the turn. In general, we recommend that two 
or three people physically reposition the patient while an additional person monitors the 
endotracheal tube and the central catheters. The last person should also be prepared to 
immediately suction the airway or adjust the ventilator as required. Four or more people 
may be needed to turn larger patients.  

Ventilated patients frequently receive benzodiazepines and/or other agents for sedation, 
but this practice can prolong ventilation and, accordingly, should not be routine. 
Although Gattinoni and colleagues found increased use of sedation or muscle relaxants in 
55 and 28% of turning maneuvers, respectively, the administration of these agents was 
not apparently governed by a protocol. It should not be assumed that a prone patient will 
require additional sedation. Some patients indicate they are more comfortable when they 
are prone.  

Under ideal circumstances, caregivers should be able to talk with patients to facilitate 

comfortable positioning of their heads, necks, and limbs and to determine when 
subsequent position adjustments might be needed. Being able to verbally interact with 
patients may also lead to less skin breakdown on ventral body surfaces. On occasion, 

however, agitation may be more than desirable and sedating doses of medications may be 
needed, but this need not be the rule. Paralytics have deleterious effects on the diaphragm 
and, as such, should be used very sparingly in all patients with respiratory failure, 
regardless of position.  

 

Practical Problems to Consider After Turning  

Facial edema is common in prone patients, as the loose connective tissue of the face 
moves to a relatively dependent position. Periorbital swelling can be so substantial that it 
interferes with vision. A partially filled (600 ml) intravenous bag wrapped with a thin 
towel may be useful in padding and supporting the orbital areas. In our experience, facial 
edema can be minimized if the patients are also placed in the reverse Trendelenberg 

position (assuming this does not result in or accentuate hypotension). The patient's friends 
and families should be warned about the appearance of a patient with gross facial edema 
and informed that the swelling will rapidly resolve when the patient is repositioned 

supine, leaving no permanent change.  

Pressure between the firm bed surface and the eyes, cheeks, breasts, anterior iliac spines, 
knees, and abdomen puts patients at risk of orbital ischemia, facial and other 
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dermatologic trauma, and esophageal reflux unless proper precautions are taken. 
Attention should be paid to padding areas that are in contact with the bed. Although no 
studies address this issue, we suggest that feeding tubes should be inserted beyond the 
duodenum and that the stomach should be frequently decompressed as gastric pressures 

will increase in the prone position. Gastric residuals are not affected by the prone 
position, however. Adding reverse Trendelenberg positioning may also reduce the risk of 
esophageal reflux and/or aspiration (akin to reducing the risk of aspiration by raising the 
head of supine patients).  

The transducer to which a pulmonary artery catheter is connected should be re-zeroed to 
the midaxillary line, just as would be done if the patient were supine. Although there is a 
considerable shift of the heart in a ventral direction on turning patients prone, the level of 
the left atrium relative to the new zero reference is sufficiently fixed, so that the 
pulmonary arterial occlusion pressure will accurately reflect the left ventricular filling 
pressure 

 

UNRESOLVED QUESTIONS  

Does Prone Positioning Reduce the Morbidity or Mortality of Patients with ARDS? 
Gattinoni and colleagues recently published the first study designed to assess the effect of 
prone positioning on survival in patients with ALI/ARDS. Although oxygenation was 
markedly improved in the patients ventilated prone, no change in overall mortality was 
observed by intention-to-treat analysis. An accompanying editorial by Slutsky points out 
a number of weaknesses in Gattinoni's study design that limit the applicability of the 
results. First, patients randomized to prone ventilation only received it an average of 7 
hours/day.  

Animal studies indicate that ventilator-induced lung injury can develop within hours, or 
even minutes, after instituting an injurious ventilatory strategy. Accordingly, any 
potentially beneficial effect of prone ventilation could have been diluted by the limited 

period of time the intervention was applied. Second, the study was considerably 
underpowered to use mortality as an end-point. Interestingly, as described in the article, 
enrollment was stopped early because caregivers were unwilling to forgo use of prone 

positioning in the control group. Third, there was no attempt to institute prone ventilation 
early in the course of ALI/ARDS (e.g., over 20% of the patients were treated long enough 
before randomization to suffer skin breakdown). 

 Accordingly, ventilator-induced lung injury could have already developed by the time 
the patients were enrolled. Fourth, 8% of the patients randomized to receive supine 
ventilation were turned prone on 43 occasions because of severe hypoxemia, and 27% of 
the patients randomized to prone ventilation missed a total of 91 periods of pronation 
largely because of "staffing limitations." Finally, the intervention was only applied for 10 
days. Post hoc analysis indicated that mortality was strikingly reduced (47 versus 23%) in 
the subset of patients with the worst gas exchange (PaO2/FIO2 < 88) and in those with 
Simplified Acute Physiology II scores higher than 49 (19 versus 49%). Moreover, those 
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patients who received the highest tidal volumes appeared to benefit most from prone 

positioning. Accordingly, despite the lack of overall effect reported, one research group 
concluded that it was reasonable to use prone ventilation for severely ill patients with 
ALI/ARDS. The question of whether prone ventilation reduces the mortality of these 
patients is an open one.  

 

 

 

When in the Course of ARDS Should the Prone Position be Used? How Long 
Should it be Employed During Each 24-Hour Period? When Should it be 
Discontinued? Should it be Used in Patients Who do not Improve Their 
Oxygenation? 
If prone ventilation has no effect on morbidity or mortality, it follows that its use should 
be restricted to those few patients who have life-threatening hypoxemia when they are 
supine. Unfortunately, reliable indicators predicting who will or will not respond have not 
yet been identified. If, on the other hand, prone ventilation is ultimately found to improve 
outcomes, the answers to the aforementioned questions will depend on whether the 
beneficial effect is the result of improving oxygenation or of reducing ventilator-induced 
lung injury and whether the two mechanisms are linked.  

If outcome is improved by improving oxygenation (thereby being able to reduce the FIO2 
and the level of positive end-expiratory pressure), then prone ventilation would only be of 
use when oxygenation is severely impaired, should only be used in patients demonstrating 
an improvement, and should be discontinued when oxygenation improves to the point that 

the patient can be supported with low levels of FIO2 and positive end-expiratory pressure. 
If, however, prone ventilation reduces mortality by reducing ventilator-induced lung 
injury, it would follow that patients should be turned prone as soon as a diagnosis  of 
ARDS is established (or potentially, even when they are identified as being at risk); it 
should be employed as much of the day as possible, regardless of its effect on 
oxygenation, and it should be continued well into the recovery phase.  

What is the Role of Periodic Partial Repositioning (i.e., 15–60°) to the Left and 
Right Lateral Decubitus Positions When Patients are Primarily Prone Rather than 
Supine? 
Studies in the 1940s established a 2-hour turning interval as the standard of practice to 
limit skin breakdown in supine patients. Although the effect of various frequencies and 
degrees of periodic partial repositioning from the prone posture has never been studied, 
we can think of no reason why it should be less than the every-2-hour standard. Some 
ventral body surfaces have less subcutaneous supporting tissue than the corresponding 
dorsal surfaces that support the weight of the patient.  

Accordingly, intermittent partial repositioning might have to be more frequent in prone 
patients to limit skin breakdown. Among the factors thought to contribute to the 
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development of atelectasis are impaired clearance of secretions from dependent airways 
and failure to sufficiently expand ventilating regions.  

Because the forces contributing to atelectasis are attenuated, and secretion clearance is 
enhanced, when patients are prone, the extent to which periodic partial turning is needed 
to prevent atelectasis might also be reduced when prone.  

Does the Prone Position have a Role in Treating Patients with Conditions Other 
than ARDS? 
The effects of prone ventilation have not been systematically studied in patients with 
airflow limitation. 

 Conceivably, prone positioning could improve gas exchange by reopening dependent 

airspaces or redistributing ventilation (particularly in patients with enlarged hearts and 
more rotund abdomens). Similarly, patients with the obesity hypoventilation syndrome 
should improve their hypoxemia on turning prone. Oxygenation and secretion clearance 

might also improve in patients who have pneumonia in dorsal lung segments (i.e., the 
right and left superior or posterior basal segments). Patients with respiratory failure from 
interstitial lung disease do not appear to improve their oxygenation with prone ventilation.  

Should the Abdomen be Suspended? 
Functional residual capacity is increased on going from the supine position to the prone 
one and increased further by suspending the abdomen in the prone position. Most reports 
showing improved oxygenation by prone ventilation have not employed abdominal 
suspension. Whether further increases can be obtained by doing so has not been 
investigated.  

Are Air-Cushioned Beds Useful? 
Although the pressure of the bed surface against weight-bearing ventral prominences can 
result in skin breakdown, heightened vigilance is generally sufficient to prevent serious 
ulceration. Air-cushioned beds might reduce skin complications by spreading forces over 
a greater area, but in some instances, they may also hinder the ability to use pillows and 
foam supports to assist in weight bearing. In addition, one of the proposed mechanisms 

explaining why the prone position improves dorsal lung ventilation is that it decreases 
ventral chest wall compliance. This effect may, in theory, be diminished by air-cushioned 
beds.  

In conclusion, despite its demonstrated potential to improve oxygenation and secretion 
drainage, many physicians, nurses, and respiratory therapists have little experience with 
the proning process, or with caring for or monitoring patients when they are prone. We 
have routinely employed prone ventilation for many years, and the algorithm presented 
summarizes our combined experience. Although numerous questions remain regarding 
patient selection, timing, duration, body angulation, and body supports, careful attention 
to the details described, both before and after turning, should minimize complications and 
facilitate the turning process. Whether prone ventilation reduces the morbidity or 
mortality of ARDS/ALI remains to be determined.  
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Comparison of 3 methods of detecting acute respiratory distress 
syndrome: clinical screening, chart review, and diagnostic coding 

American Journal of Critical Care, Jan-2004  

* BACKGROUND Although the incidence of acute respiratory distress syndrome has 
been studied, few researchers have prospectively assessed the search tool used to 
identify cases. 

* METHODS For 5 months, all patients admitted to a medical intensive care unit in a 
teaching hospital were evaluated daily to determine whether criteria for acute 
respiratory distress syndrome were met, and physicians' progress notes and discharge 
summaries for these prospectively identified patients were reviewed for mention of the 
syndrome. Discharge forms were reviewed for the codes (International Classification of 
Diseases, Ninth Revision) specific to acute respiratory distress syndrome (518.82 or 
518.85). 

* RESULTS Of 314 patients admitted, 65 prospectively met the criteria for acute 
respiratory distress syndrome. Of these 65 patients, 31 had acute respiratory distress 
syndrome mentioned in their progress notes, and 4 of the 31 were subsequently 
assigned a code of 518.82 or 518.85. Patients with a physician's notation for acute 
respiratory distress syndrome in their charts had a higher mortality (22/31 [71%]) than 
did the patients with no such notation (10/34 [29%]). This difference could not be 
accounted for by differences in length of stay, mean age, score on Acute Physiology 
and Chronic Health Evaluation III, or number of days in the unit before meeting the 
criteria. 

* CONCLUSIONS The incidence of acute respiratory distress syndrome is 
underestimated when based on either diagnostic coding or physicians' notes without 
testing of the accuracy of coding. Both physicians and medical record coding 
specialists may require training in use of terms related to acute respiratory distress 
syndrome. (American Journal of Critical Care. 2004;13:59-64) 

Despite the publication of many articles on acute respiratory distress syndrome 
(ARDS), the estimated range of incidence is wide. Many review articles have offered 
critiques of these studies, citing limitations such as few patients studied and 
retrospective methods of estimation used. (1,2) Since the appearance of the American 
European Consensus Conference (AECC) definition of ARDS in 1992, (3) clinical 
trials have regularly been designed on the basis of the AECC criteria for ARDS. 
Consequently, criteria for including patients have become more uniform across ARDS 
clinical trials. Despite use of the AECC criteria for 10 years in clinical trials, it is 
unclear how vigorously these criteria are applied to routine review of patients' records. 
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We attempted to quantify 2 suspected problems at our institution. First, we suspected 
that physicians do not describe all ARDS cases with appropriate notation in the medical 
record. Therefore, ARDS is not referred to in the medical records of some patients who 
meet the AECC criteria for this syndrome. Second, specialists in coding medical 
records may be less likely to use the codes from the International Classification of 
Diseases, Ninth Revision (ICD-9) associated with ARDS (518.82 and 518.85) if ARDS 
is not mentioned in patients' progress notes.  

Thus, if appropriate ICD-9 codes are not assigned accurately, large-scale reporting of 
ARDS incidence based on retrieval of ICD-9 codes may yield underestimates. In this 
study, we determined how likely our intensive care unit (ICU) physicians (pulmonary 
and critical care trained attending physicians, pulmonary fellows, and internal medicine 
residents) were to use the AECC terminology in patients' daily progress notes. Then, 
within the group of patients whose prospective diagnosis met AECC criteria for ARDS, 
we determined whether or not a physician's chart notation of ARDS correlated with 
assignment of an ICD-9 code for ARDS at discharge. 

Subjects and Methods 

Approval from the institutional review board was obtained for expedited consent. All 
patients admitted to the medical ICU (MICU) from January 1 through May 31, 1999, at 
the University of Kentucky were evaluated on each of their days in the MICU to 
determine whether AECC criteria had been met within the preceding 24 hours.  

The AECC criteria were a ratio of Pa[O.sub.2] to fraction of inspired oxygen 
(FI[O.sub.2]) less than 200, evidence of bilateral infiltrates on chest radiographs, and 
no reason to suspect that the pulmonary edema was cardiogenic.  

Attending and house-staff physicians were unaware of the aims of this study. Both 
were accustomed to investigators evaluating patients daily for potential inclusion in 
clinical trials, but they were not aware of the specifics of this investigation. 

Patients were considered to have fulfilled the AECC criteria for ARDS if all criteria 
were met within a 24-hour period. We evaluated all patients admitted to the MICU for 
the development of ARDS not only upon admission to the ICU but on every day during 
their MICU stay. The chart of each patient was reviewed for any mention of the term 
ARDS in the physicians' progress notes. Additionally, each patient's discharge 
summary was reviewed for any mention of ARDS. Discharge ICD-9 codes were 
collected for each patient. 

Codes for patients who met the AECC criteria for ARDS were considered appropriate 
if the discharge ICD-9 codes included 518.82 and 518.85. (4) Table 1 denotes which 
diagnoses are specifically included in each of these ICD-9 codes. 

In order to determine whether the frequency of diagnosis of ARDS varied from month 
to month, the number of patients admitted per month and the frequency of patients' 
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meeting AECC criteria were measured. A [chi square] test was used to determine 
differences in mortality rates between groups. 

Results 

A total of 314 patients were admitted to the MICU between January 1 and May 31, 
1999. Of these, 65 met AECC criteria for ARDS. For all patients who met AECC 
criteria, data from either a pulmonary artery catheter or an echocardiogram were 
available to exclude cardiogenic pulmonary edema. 

 

Among the 314 patients admitted, demographic data on male-female ratio and age were 
similar between patients who met the AECC criteria for ARDS and the remainder of 
the MICU population. Of the 314 patients admitted, the patients with ARDS had a 
higher mortality rate (51%) than did the other MICU patients (15%) admitted during 
this period (P < .001; 2). The mean and median qualifying Pa[O.sub.2]/FI[O.sub.2] 
ratio for the 65 ARDS patients were 126 and 114, respectively. 

The term ARDS was mentioned in the progress notes for 31 of the 65 who met the 
AECC criteria for ARDS. Only 4 of those 31 patients, on discharge, received an ICD-9 
code for ARDS. Additionally, review of all 314 MICU patients' discharge sheets 
indicated that only those 4 patients and no others were assigned an ICD-9 code specific 
for ARDS. That is, an ICD-9 code for ARDS was never randomly assigned to a MICU 
patient who had not been determined by the investigators to meet the AECC criteria for 
ARDS. 

During the study period, attending and house-staff physicians were rotated on the first 
of each month. No single month accounted for a preponderance of the number of 
patients admitted to the MICU. No one month accounted for an excessive number of 
prospectively identified cases of ARDS or patients with a chart notation of ARDS. 

Within our study period, nearly 21% of the patients admitted to the MICU met the 
AECC criteria for ARDS. Only half of those patients ever had ARDS mentioned within 
the progress notes by attending or house staff physicians, and only 6% of those patients 
had an ICD-9 code for ARDS on their discharge sheets. 

The study shows the comparison between patients who met the AECC criteria for 
ARDS according to whether or not the term ARDS was mentioned in the progress 
notes. Mean age (49 years for both), number of days in the MICU before meeting 
AECC criteria (1.1 vs 0.9 days), MICU length of stay (7.0 vs 6.9 days), and score on 
the Acute Physiology and Chronic Health Evaluation (APACHE) III (78 vs 79) did not 
differ significantly between the 2 groups. 

Patients with a physician's notation for ARDS in their charts had a higher mortality 
(22/31 [71%]) than did the patients with no such notation (10/34 [29%]). 
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From review of the discharge sheets, the most frequently occurring ICD-9 code among 
the 65 patients who met AECC criteria was 518.81 (ie, respiratory failure). This code 
specifically excludes ARDS and pneumonia. The next most frequent codes, in order, 
were 486 (pneumonia) and 571.2 (alcoholic cirrhosis). 

 Consequently, identification of ARDS patients by either retrieval of specific ICD-9 
codes or by retrospective chart review for the mention of the term ARDS would have 
yielded underestimates of the incidence of ARDS in this group of patients. 

Within the 314 MICU patients, retrieval of ARDS-specific ICD-9 codes had a 
specificity of 99.6% and a sensitivity of 6.2% for identifying cases of ARDS. 

Discussion 

Among the patients who met the AECC criteria for ARDS, the mortality rate was 
higher for those who had the term ARDS mentioned in their chart than for those who 
did not. It appeared that patients with ARDS with possibly higher perceived mortality 
risks were more frequently given a chart notation of ARDS by the attending physician 
or house staff. However, the 2 subgroups did not differ with respect to age, MICU 
length of stay, APACHE III score, or number of days in the MICU before meeting the 
AECC criteria. So despite similar baseline characteristics, the group who had ARDS 
noted in the medical records also had a higher mortality rate. 

Many reasons may account for the failure to use ICD-9 codes for ARDS for patients 
who met the AECC criteria for the syndrome. A coding error may have resulted from 
misinterpretation of the patient's chart. Alternatively, the absence of a specific mention 
of ARDS in the physician's notes may have led medical coding specialists away from 
assigning an ARDS-specific ICD-9 code. 

 

In 1972, an estimate by the National Institutes of Health concluded that the incidence 
of ARDS was approximately 75 cases per 100000 US population. (5) Published 
estimates since then have ranged from 1.5 to 15 cases per 100000. (2) The numbers of 
cases may have been overestimated in the 1972 study because of the broad definition of 
patients to be included, such as patients with lung injury associated with renal failure 
and volume overload. 

Three years of ARDS data from the Canary Islands allowed a better estimation of 
incidence, because all patients requiring mechanical ventilation at one hospital were 
included. The study indicated that with a Pa[O.sub.2]/FI[O.sub.2] ratio of less than 
110, the incidence was 1.5 cases per 100000; with a Pa[O.sub.2]/FI[O.sub.2] of less 
than 150, the incidence was estimated at 3.5 cases per 100 000. This population 
differed from that of many North American or Northern European communities in that 
the mean age in the Canary Islands was only 32 years. 
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In 1995, Thomsen and Morris (7) estimated that the incidence of ARDS in Utah was 
8.3 per 100000 residents. These investigators went to great lengths to assess their 
screening tools. Indeed, the investigators assessed the specificity and sensitivity of the 
ICD-9 documentation for several but not all of the study hospitals. In the primary 
hospital in this study, the sensitivity and specificity of ICD-9 codes for ARDS were 
88% and 99%, respectively. (The Utah study used a Pa[O.sub.2]/PA[O.sub.2] of <0.2 
to define ARDS patients.) 

In a 2-month prospective study in Germany, Lewandowski et al (8) were able to 
prospectively survey 97% of the ICUs in the study area and reported an estimated 
incidence of 3 cases per 100 000. 

In a separate study, during an 8-week period, investigators (9) in Sweden, Denmark, 
and Iceland determined the incidence of and 90-day mortality associated with acute 
respiratory failure, acute lung injury, and ARDS. All patients more than 15 years old 
admitted to the ICU were assessed daily for AECC criteria for ARDS (n = 13 346). As 
in the study from Germany, no correction for migration in or out of the study area was 
possible. The population more than 15 years old in the 3 countries was 11.74 million. 

 A total of 1231 patients with acute respiratory failure were found, among whom 287 
had acute lung injury and 221 had ARDS. The annual incidence was 17.9 per 100000 
for acute lung injury and 13.5 per 100 000 for ARDS. Ninety-day mortality was 42.2% 
for acute lung injury and 41.2% for ARDS. 

The preliminary findings of a study (1) in the Seattle area in which the AECC 
definition was used indicated that the incidence of ARDS was 12.6 per 100 000. 

Discharges from all acute care hospitals in Maryland were reviewed by using a 
computer data base to search for ICD-9 codes for ARDS from the Health Services Cost 
Review Commission. Patients 12 years of age or older were included. Screening 
criteria consisted of ICD-9 codes 518.5 and 518.82 cross-referenced with procedural 
codes for ventilatory support (96.70, 96.71, and 96.72). (10) Applying the 1CD-9 
ARDS criteria yielded lower and upper limits of 159 to 205,439 to 568, 531 to 694, and 
529 to 720 cases of ARDS for 1992, 1993, 1994, and 1995, respectively. Normalizing 
for a population of 5 million yields yearly lower and upper limit rates of 3.2 to 4.2 and 
10.5 to 14.2 cases of ARDS per 100 000 persons. Upper and lower limits for mortality 
rates based on the same duration, admissions, and population were 38% to 49%, 39% 
to 52%, 36% to 47%, and 36% to 49%, respectively. The incidence of ARDS in 
Maryland was estimated at 10 to 14 cases per 100000 people. The ARDS mortality rate 
was 36% to 52%. 

In a study of patients contracted to a for-profit health maintenance organization in 
Ohio, Arroliga et al (11) reported on ARDS patients treated at the sole tertiary care 
center for the health maintenance organization. Patients were identified prospectively 
by AECC definitions within the ICUs. The denominator used in the incidence 
calculation was the number of adult members of the health maintenance organization. 
Estimated annual incidence of ARDS was 15.3 cases per 100 000 persons. 
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Most recently, in a study in which all ICU admissions in a 2-month period in 3 
Australian states were examined, Bersten et al (12) estimated that the incidence of 
ARDS was 28 cases per 100000. Unlike earlier studies, these investigators observed 
each ICU patient daily for the length of the patient's ICU stay to determine whether or 
not on any given day the patient had yet to meet the AECC definition. Thus, the greater 
annual incidence projection may reflect this feature of the study, including patients in 
whom ARDS developed more than 24 hours after admission to the ICU. 

Few published studies describe factors that influence accurate assignments of ICD-9 
codes. For example, one research group found poor agreement between diagnostic 
labels recorded in the medical records an subsequent assignment of ICD-9 codes for 
patient with soft-tissue disorders of the neck and upper limb. In an unpublished study, 
another group reviewed inappropriate use of ARDS-specific ICD-9 codes in Seattle. In 
reviewing 13 398 ICU admissions in a 1-year period, they found that ARDS (as defined 
by the AECC criteria) developed in 11% of admitted patients; however, incidence and 
mortality, estimated solely on the basis of ICD-9 codes, could be inaccurate by as much 
as 100%. A comparison of clinical screening with 3 different combinations of ICD-9 
diagnostic and procedure codes revealed high specificity (97%-100%) but poor 
sensitivity (28%-74%). The lack of sensitivity for ARDS-specific ICD-9 coding in our 
ICU population is consistent with the Seattle data and supports the notion that this 
trend is not an isolated occurrence at a single institution. 

Current estimates of hospital costs for a patient with ARDS range from $60000 to 
$70000 (SD $85 000). (15) In general, the in-hospital costs of patient with ARDS are 
much greater than the mean hospital costs for other ICU patients. Certainly, more 
accurate coding of the patients for whom most of the ICU dollars are allocated would 
aid in the management of ICU resources. 

In conclusion, epidemiological studies of ARDS incidence generated through review of 
ICD-9 codes or chart review of physicians' notes for the term ARDS may inaccurately 
represent the frequency of this syndrome. Future studies of the incidence of ARDS in 
which a prospective diagnosis of ARDS is used may foster an increased understanding 
of resource use in the ICU with regard to patients who have ARDS. For the patients in 
our study who met the AECC criteria for ARDS, both review of ICD-9 coding and 
chart review would have led to underestimation of the incidence of ARDS.  

Analyses based on retrieval of ICD-9 codes or retrospective chart review for mention 
of ARDS without a testing of the accuracy of the coding may misrepresent the 
incidence of ARDS. Underestimation of the incidence of ARDS therefore dilutes the 
impact and burden of ARDS on the number of patients and families affected, and it 
affects staffing of critical care units. Underestimating such a costly illness has strong 
financial implications for budgeting of allocated funds within hospitals, reimbursement, 
and research. In future studies, accurate coding of ARDS cases will improve the quality 
of estimates of the incidence of the syndrome. 

Table 1 Codes from the International Classification of Diseases, Ninth Revision, 
specific to acute respiratory distress syndrome 
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Code   Includes 

518.82   Other pulmonary insufficiency, not elsewhere classified 

         Acute respiratory distress 

         Acute respiratory insufficiency 

         Adult respiratory distress syndrome not elsewhere classified 

 

518.85   Pulmonary insufficiency following trauma and surgery 

         Adult respiratory distress syndrome 

         Pulmonary insufficiency following:  shock, surgery, trauma, shock lung 

Code  Excludes 

518.82   Adult respiratory distress syndrome associated with trauma or surgery 
(518.85) Pulmonary insufficiency following trauma or surgery 

 (518.85) Respiratory distress: not otherwise specified (786.09), newborn (770.8) 
syndrome, newborn (769) 

518.85 Adult respiratory distress syndrome associated with other conditions (518.82) 

518.86 Pneumonia 
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Evaluating ARDS: a fresh look at a difficult diagnosis - The 
differential ranges from alveolar hemorrhage to CHF - acute 

respiratory distress syndrome 

Journal of Respiratory Diseases,  August, 2003 

ABSTRACT: The most common predisposing conditions for acute respiratory distress 
syndrome include sepsis, pneumonia, trauma, and aspiration of gastric contents. The 
clinical manifestations are quite variable and depend on the predisposing illness, the 
severity of lung injury, and the presence of nonpulmonary organ dysfunction. The chest 
radiograph typically shows diffuse parenchymal infiltrates, and the CT scan is likely to 
show the heterogeneous and patchy nature of the infiltrates. The differential diagnosis 
includes hydrostatic pulmonary edema associated with congestive heart failure, 
bronchiolitis obliterans organizing pneumonia, and alveolar hemorrhage syndromes. In 
the proper clinical setting, it may be appropriate to perform bronchoalveolar lavage and 
possibly obtain a surgical specimen for biopsy to exclude these other diagnoses 

Introduction 

Acute respiratory distress syndrome (ARDS) was first officially described in 1967 by 
Ashbaugh and coworkers.  It is an acute form of diffuse lung injury that is 
characterized pathologically by disruption of the pulmonary-alveolar membrane. This 
leads to accumulation of proteinaceous pulmonary edema and coincident hypoxemia. 

ARDS lies at the severe end of a spectrum of acute lung injury. ARDS/ALI affects 
about 150,000 persons in the United States each year.  ARDS-related care places 
tremendous burdens on health care resources and accounts for up to one third of ICU 
patient-days and $5 billion annually in US health care expenditures.  

DEFINING ARDS 

ARDS is a syndrome and not a specific pathophysiologic disease. Therefore, patients 
are determined to have ARDS when they meet specific diagnostic criteria. Since the 
initial description of ARDS, investigators have made several attempts to refine these 
criteria. 

During the 1980s, "strict" definitions included 4 criteria: severe hypoxemia; decreased 
respiratory system compliance; abnormal chest film findings, often of an ill-defined 
nature; and exclusion of cardiogenic pulmonary edema by documented normal 
pulmonary artery occlusion pressure. However, these criteria lacked uniformity and 
raised concern that the requirement for a pulmonary artery catheter may significantly 
delay the diagnosis of ARDS and delay the initiation of therapy. 
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Lung Injury Score 

In 1988, Murray and colleagues (4) introduced the Lung Injury Score (LIS) to provide 
more specific and rapidly diagnostic criteria. In the setting of an identifiable cause of 
lung injury, this 4-component score includes: the ratio of Pa[O.sub.2] to the fraction of 
inspired oxygen, the number of quadrants with alveolar consolidation seen on a frontal 
chest radiograph, the amount of positive end-expiratory pressure, and a measure of 
static respiratory system compliance for ventilated patients. 

The total score is determined by adding the individual component scores and dividing 
by the number of components used. Patients are classified as having ARDS if the score 
is greater than 2.5. Although commonly used to quantify the severity of ARDS, the LIS 
has not been reported to be an important predictor of outcome. 

 

The AECC definition 

In 1994, the American-European Consensus Conference (AECC) aimed to provide 
diagnostic criteria that would bring "clarity and uniformity to the definition of ARDS" 
and be applicable for "the purposes of research, epidemiology and individual patient 
care." The AECC defined ARDS as the most severe form of ALI in a continuum of 
arterial blood gas and chest radiographic abnormalities. 

The AECC criteria are similar to those of the LIS in that a pulmonary artery catheter is 
not required to exclude patients with hydrostatic pulmonary edema. However, the 
AECC suggested that the pulmonary artery catheter may be used in conjunction with 
other clinical evidence to exclude patients when hydrostatic pulmonary edema is a 
concern. 

The AECC and LIS definitions have comparable accuracy in diagnosing ARDS in the 
setting of an appropriate at-risk diagnosis.  The AECC definition is uniformly used in 
clinical studies of ARDS. 

Presentation 

The manifestations of ARDS are extremely variable and depend on the predisposing 
illness; the severity of lung injury; and the presence of other, nonpulmonary organ 
dysfunction. Most patients complain of dyspnea and have an increased work of 
breathing caused by reduction in static lung compliance. 

Although all patients with ARDS are hypoxemic, they may initially compensate 
through increases in minute ventilation with a coincident respiratory alkalosis. 
However, the reductions in lung compliance will manifest as progressive dyspnea, 
increased work of breathing, and worsening hypoxemia with conversion to respiratory 
acidosis. The requirement for mechanical ventilation is almost universal, although 
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previously healthy patients with milder forms of ALI may require only supplemental 
oxygen. 

At-risk diagnoses 

Although ARDS develops in critically ill patients with a variety of illnesses, the most 
common predisposing conditions include sepsis, pneumonia, trauma, and aspiration of 
gastric contents. These 4 at-risk diagnoses may account for more than 85% of those 
patients in whom ARDS develops; sepsis is usually the most common predisposing 
condition, accounting for approximately 50% of all ARDS cases.  Other common 
diagnoses associated with ARDS include near-drowning, pancreatitis, drug overdose, 
multiple fractures, inhalational injury, and hypertransfusion of blood products. 

The risk of ARDS is significantly increased in those patients with more than 1 at-risk 
diagnosis. Investigators have categorized the predisposing conditions based on the 
mechanism of lung injury as direct or indirect. Conditions that re suit in direct lung 
injury include pneumonia, aspiration of gastric contents, and smoke inhalation. 

In contrast, indirect lung injury results from an extrapulmonary condition that produces 
systemic inflammation and release of proinflammatory cytokines. Examples include 
nonpulmonary sepsis, multiple long bone and pelvic fractures, and pancreatitis. 

 

Timing 

ARDS usually develops over hours to days after the onset of the predisposing 
condition. In patients with sepsis, the onset of ARDS is extremely rapid, occurring in 
more than half within the first 24 hours. ARDS develops more slowly in trauma 
patients, with only a third showing signs of ARDS within 24 hours. 

In a large study of patients at risk for ARDS, 85% of those in whom ARDS developed 
met diagnostic criteria within 72 hours; in almost all patients, ARDS occurred within 7 
days after the development of their predisposing condition.  

 

Laboratory studies 

Many biochemical abnormalities in ARDS relate to the predisposing condition and 
reflect widespread systemic inflammation. However, no laboratory abnormality or 
serologic marker is specifically associated with ARDS. 

Increased blood urea nitrogen and creatinine levels are common in ARDS, which is 
consistent with acute renal impairment. Prerenal azotemia and acute tubular necrosis 
are 2 of the most common causes of renal dysfunction in ARDS patients. Associated 
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hematologic disorders include thrombocytopenia, anemia, leukopenia, and 
leukocytosis. 

Disseminated intravascular coagulation may occur, especially in those with sepsis. 
These patients have severe thrombocytopenia and abnormal coagulation findings. 

Hepatic dysfunction may present in a hepatocellular or cholestatic pattern. However, 
these abnormalities are nonspecific findings. 

 

Radiographic studies 

Perhaps the most problematic component of current ARDS definitions is the 
interpretation of radiographic criteria. While the AECC definition states that "chest 
radiographic infiltrates should be bilateral and ... consistent with pulmonary edema," 
this is tempered by "these infiltrates could be very mild." 

The primary difficulty in the radiographic criteria for ARDS concerns the assessment 
of pulmonary infiltrates in the presence of pleural effusions, atelectasis, asymmetric 
distribution of involvement, and portable radiographic techniques typically used in the 
ICU.  Several studies have demonstrated the poor interrater reliability of interpreting 
chest radiographs for the diagnosis of ARDS, showing only moderate agreement 
among experts. 

Generally, infiltrates seen on chest radiographs in patients with ARDS reflect diffuse 
parenchymal lung disease and not nodules, effusions, or atelectasis.  

Chest radiographs may also help identify pulmonary complications caused by 
mechanical ventilation. The most common complication of positive pressure ventilation 
is barotrauma, which may manifest radiographically as subcutaneous emphysema, 
pneumomediastinum, pneumothotax, or pulmonary interstitial emphysema. Early 
identification of ventilatory complications with chest radiographs may be important in 
the proper management of critically ill patients. 

CT images from patients with ARDS have provided unique insights into the 
distribution of pulmonary involvement. While the chest radiograph may show 
homogeneous diffuse infiltrates, the CT scan demonstrates the heterogeneous and 
patchy nature of the pulmonary infiltrates. 

Differences in CT scans may be seen when comparing patients with direct versus 
indirect forms of lung injury. Patients who have direct lung injuries (pneumonia) 
typically exhibit higher degrees of consolidation and less diffuse pulmonary edema 
than patients who have indirect lung injury (nonpulmonary sepsis). CT scanning should 
not be routinely performed in patients with ARDS, because of concerns about 
transporting critically ill patients and the lack of a proven therapeutic intervention 
based on the CT results. 
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Comorbid conditions 

None of the predisposing at risk diagnoses have been associated with an incidence of 
ARDS of greater than 40%.  Therefore, other factors must also play a critical role. One 
contributing comorbid condition is chronic alcohol abuse. 

An epidemiologic association between alcohol abuse and an increased incidence of 
ARDS has been reported. Among 351 critically ill patients with an established at-risk 
diagnosis, those with a history of alcohol abuse were found to have a 43% risk of 
ARDS compared with a 22% risk in the nonalcoholic group.  The effect of alcohol 
abuse on the incidence of ARDS was most evident in patients with severe sepsis. 

This may be a result of the deleterious effects of chronic alcohol consumption on the 
concentration of pulmonary glutathione, an important antioxidant in the lung. 

Patients with a history of cirrhosis have been reported to be at increased risk for ARDS. 
Advanced age has also been identified as a determining factor In a prospective study of 
trauma patients, those older than 70 years were at significantly greater risk for ARDS, 
even after adjusting for severity of illness and other predictive factors. 

Baseline or ongoing reductions in oncotic pressure at-e an independent predictor of 
ARDS, regardless of illness severity.  Finally, in a cohort of patients with septic shock, 
those with a history of diabetes had a reduced risk of ARDS.  

Differential Diagnosis 

The possibility of ARDS should be considered in any patient with acute hypoxemic 
respiratory failure and diffuse radiographic involvement; however, it is important to 
exclude other causes of acute respiratory failure that have similar presentations. 
Hydrostatic pulmonary edema caused by congestive heart failure may be the most 
common alternative diagnosis in the ICU. 

While exclusion of hydrostatic pulmonary edema using a pulmonary artery catheter is 
not necessary, transthoracic echocardiography may be a useful noninvasive tool for 
evaluating cardiac function and intravascular volume. Increases in hydrostatic pressure 
do not absolutely exclude ARDS in a patient with a well-defined at-risk diagnosis. In 
addition, the diagnostic accuracy and reliability of clinical assessments of left atrial 
hypertension are not very good. 

In the absence of an obvious predisposing condition, such as sepsis or trauma, other 
causes of diffuse acute parenchymal lung disease should be considered, including acute 
eosinophilic pneumonia (AEP), bronchiolitis obliterans organizing pneumonia 
(BOOP), acute interstitial pneumonia (AIP), bronchoalveolar cell carcinoma, and 
pulmonary alveolar proteinosis. 

 Diffuse alveolar infiltrates and hypoxemia may be related to alveolar hemorrhage in 
patients with systemic lupus erythematosus, Wegener granulomatosis, Goodpasture 
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syndrome, or other forms of pulmonary vasculitis. It is important to remember that not 
all patients with alveolar hemorrhage present with hemoptysis. Thus, alveolar 
hemorrhage syndromes must always be considered in appropriate patients with diffuse 
alveolar infiltrates on the chest radiograph. 

Given the low prevalence of each of these illnesses, diagnosis is often not made until 
specimens are obtained and characteristic pathology is found.  

The importance of taking a careful history when determining the cause of acute 
respiratory failure cannot be overemphasized. 

When other causes of acute respiratory failure with diffuse radiographic infiltrates 
cannot be excluded, it may be appropriate to perform bronchoalveolar lavage and 
obtain bronchoscopic or surgical lung biopsy specimens. It is imperative to differentiate 
other causes of hypoxemic respiratory failure because treatment may be different. For 
example, BOOP may result from a wide array of insults, which can be postinfectious, 
immunologic, or idiopathic, and is usually responsive to corticosteroids. 

AEP is also a corticosteroid-responsive disease. However, patients with AIP typically 
have a poor prognosis, and only supportive therapies are available. 

 

Prognostic Factors 

Historically, the mortality rate for patients with ARDS has exceeded 50%. However, 
mortality appears to have declined recently--a trend that is likely related to 
improvements in ICU care. The most common cause of death for most patients with 
ARDS is nonpulmonary organ dysfunction, which reflects excessive activation of the 
inflammatory response. It is less common that patients with ARDS die of progressive 
respiratory failure. 

 

The underlying at-risk diagnosis is an important determinant of outcome in patients 
with ARDS.  ARDS related to sepsis is associated with a significantly higher mortality 
rate compared with ARDS related to other predisposing conditions. Indices of 
oxygenation as a marker of physiologic dysfunction have not been shown to predict 
outcome among patients with ARDS.  

Measurement of physiologic dead space among ARDS patients has been evaluated as 
an early predictor of outcome.  Using a metabolic cart, investigators calculated the dead 
space fraction [(PaC[O.sub.2] - [P.sub.E]C[O.sub.2]) /PaC[O.sub.2], where 
[P.sub.E]C[O.sub.2] is the partial pressure of carbon dioxide in the mixed expired gas] 
among 179 intubated patients within 11 hours of meeting the diagnosis of ARDS. 
Statistically significant elevations in dead space were observed in the nonsurvivors of 
this cohort. For every increase of 0.05 in the dead space fraction, the risk of death 
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increased by 45%. Further studies are needed to determine the reproducibility and 
generalizability of physiologic dead space measurements. 

In addition to being an important risk factor for ARDS, age is associated with a 
significantly greater ARDS-related mortality. A 10-year study of 918 patients with 
ARDS found that improvements in survival were limited by age.  More recently, Ely 
and colleagues  demonstrated that in a cohort of 902 patients with ARDS, the mortality 
among patients older than 70 years was twice that among those younger than 70 years. 
Further, the older patients were more likely to have unsuccessful extubation and to 
require longer stays in the ICU.  

Ethnicity also may be related to ARDS outcome, because African Americans have been 
reported to have the highest ARDS mortality rates.  Cirrhosis has been strongly 
associated with increased ARDS-related mortality. Doyle and associates  reported that 
the mortality rate was 77% in patients with ALI who had a diagnosis of chronic liver 
disease, compared with 52% in those without chronic liver disease. 

In a study of 259 patients with ARDS, Monchi and coworkers  identified cirrhosis as 
the single highest predictor for ARDS-related death. Analysis of a large US national 
mortality database further demonstrated the relationship between ARDS-related death 
and cirrhosis.  

 

Summary 

Despite advances in our understanding of the epidemiology and pathogenesis of 
ARDS, improvements in outcomes have been related to supportive care and prevention 
of ICU-related complications. Early detection and treatment of ICU-related infections, 
ensuring adequate nutrition through the use of enteral feeding, and prevention of GI 
bleeding and thromboembolism are crucial in the care of patients with ALI and ARDS. 

In addition, the prevention of ventilator-associated lung injury through the use of a 
well-defined protocol to direct ventilatory management has been definitively shown to 
improve mortality. The NIH Acute Respiratory Distress Syndrome Network compared 
a traditional tidal volume (12 mL/kg of predicted body weight) with a lower tidal 
volume (6 mL/kg of predicted body weight) in 861 patients. (24) In the group that 
received lower tidal volumes with plateau pressures not exceeding 30 cm [H.sub.2]O, 
mortality was reduced by 22%. 
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Treatment of ARDS 
 

Patients with ARDS are usually treated in the intensive or critical care unit of a hospital. 
The main concern in treating ARDS is getting enough oxygen into the blood until the 
lungs heal enough to work on their own again. The following are important ways that 
ARDS patients are treated.  
 
Extra oxygen. The main treatment is giving a higher concentration of oxygen than that 
found in normal air, enough to raise blood levels of oxygen to safe levels. At first, this 
can sometimes be done with a face mask. A face mask can deliver oxygen at a 
concentration of 40-60 percent. As the ARDS progresses over hours or days, the patient 
may need a higher level of oxygen than a face mask can give.  
 
As the patient becomes tired from breathing so hard, it may become necessary to connect 
the patient a breathing machine (ventilator). This can be done by placing a tube 
through the mouth or nose into the windpipe (trachea) in a procedure called 
endotracheal intubation (or just intubation) and connecting the tube to the ventilator. 
Sometimes the connecting tube is inserted through a surgical opening in the neck 
(tracheotomy).  
 
The breathing machine can be set to help or completely control breathing. It will deliver 
the minimum amount of air every minute. If the extra oxygen and help with breathing are 
not enough, the breathing machine can be set to Positive End Expiratory Pressure 
(PEEP) to maintain the surface for gas exchange.  
 
PEEP keeps some air in the lungs at the end of each breath. It helps keep the air sacs open 
instead of collapsing. The setting can be adjusted to fit the needs of the patient. There are 
other settings on the ventilator that control the number of breaths per minute (rate 
control) and the amount of air the ventilator uses to inflate the lungs in each breath (tidal 
volume).  
 
Medicines. Many different kinds of medicines are used to treat ARDS patients. Some 
kinds of medicines often used include: 

 Antibiotics to fight infection  

 Pain relievers  
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 Drugs to relieve anxiety and keep the patient calm and from "fighting" the 
breathing machine  

 Drugs to raise blood pressure or stimulate the heart  

 Muscle relaxers to prevent movement and reduce the body's demand for oxygen.  

Other treatment. With breathing tubes in place, ARDS patients cannot eat or drink as 
usual. They must be fed through a feeding tube placed through the nose and into the 
stomach. If this does not work, feeding is done through a vein. Sometimes a special bed 
or mattress, such as an airbed, is used to help prevent complications such as pneumonia 
or bedsores. If complications occur, the patient may require treatment for them.  
 
Results. With treatment:  

 Some patients recover quickly and can breathe on their own within a week or so. 
They have the best chance of a full recovery.  

 Patients whose underlying illness is more severe may die within the first week of 
treatment.  

 Those who survive the first week but cannot breathe on their own may face many 
weeks on the breathing machine. They may have complications and a slow 
recovery if they survive.  

 
Recovering from ARDS  
 
Some people who survive ARDS heal quickly and recover completely in a relatively 
short time. Some are able to have the breathing tube and breathing machine removed in a 
week or so. Survivors often recover much of their lung function in the first 3-6 months 
after leaving the hospital and continue to recover for up to a year or more.  
 
However, others recover more slowly. Some ARDS survivors never recover completely 
and have continuing problems with their lungs. Every case is different. People who are 
younger and healthier when they develop ARDS are more likely to recover quickly than 
those who are older or who have more health problems.  
 
ARDS patients who survive the first week but cannot breathe on their own may have to 
be on a breathing machine for several weeks or longer. These patients often develop 
complications such as infections or air leaks. While some of these patients will die, others 
will get better and be able to breathe on their own again. Their recovery is usually slow, 
and they may have continuing problems.  
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After leaving the hospital, ARDS survivors need to visit a doctor during recovery to 
check how well their lungs are doing. Doctors use lung function tests to check the lungs. 
Spirometry (speh-ROM-uh-tree) is the most commonly used lung function test. It 
involves taking a deep breath and blowing hard into a plastic tube. The doctor will also 
do an oxygen saturation (oximetry) test or a blood test to check the amount of oxygen in 
the blood.  
 
After going home from the hospital, the ARDS survivor may need only a little or a lot of 
help. While recovering from ARDS at home, a person may:  

 Need to use oxygen at home or when going out of the home, at least for a while  

 Need to have physical, occupational, or other therapy  

 Have shortness of breath, cough, or phlegm (mucus)  

 Have hoarseness from the breathing tube in the hospital  

 Feel tired and not have much energy.  

 Have muscle weakness.  

 

Complications of ARDS  
 
Anyone who stays in the hospital for a long time can get complications. Common 
complications in ARDS patients are infections with hospital-acquired bacteria and leaks 
of air out of the lungs into other body spaces.  

 Bacterial infections. The lungs or other parts of the body may become infected. 
These infections are usually treated with antibiotics after a test to see what kind of 
bacteria is causing the infection.  

 Air leaks. Leaks of air through holes in the lungs are caused by pressure from the 
breathing machine that is needed to be sure the patient gets enough air and from 
the very stiff lungs. Air from the injured lungs may enter the space between the 
lungs and the lining around the lungs (the pleura) and cause a pneumothorax 
(collapsed lung). Treatment involves using a chest tube and suction to remove the 
air and help the lungs reinflate. Air may also enter the space between the 
membranes that line the abdomen (pneumoperitoneum) or the soft tissue under 
the skin (subcutaneous emphysema). These are not usually treated. Each 
complication is treated as it arises. 
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Treatment for ARDS is initiated as soon as possible to reduce the risk for death and to 
help prevent additional damage to the lungs and other organs. The goal is to treat the 
underlying condition and keep the patient alive and breathing.  

 

 

 

Mechanical Ventilation  
In most cases, keeping the patient alive requires mechanical ventilation. With ARDS, the 
breathing muscles (i.e., diaphragm and other muscles in the chest) become fatigued very 
quickly and can stop working in their effort to get oxygen into the body. The level of 
oxygen in the blood drops rapidly to dangerously low levels, causing damage to vital 
organs and body processes. If the oxygen level is not improved quickly and maintained at 
adequate levels, damage (including severe brain damage) can be irreversible. Mechanical 
ventilation keeps the level of oxygen at life-sustaining levels.  

Once breathing is stabilized and blood is reoxygenated, the underlying condition is 
treated. For example, if the condition is pneumonia or a septic infection, the patient is 
treated with antibiotics.  

 

Positive Pressure Ventilation  
Mechanical ventilators deliver oxygen-rich air to the lungs and remove carbon dioxide 
from the body. The technique, also known as positive pressure ventilation, usually 
involves inserting an endotracheal tube into the trachea through the mouth or nose. The 
endotracheal tube passes through the upper airways, between the vocal cords, and into the 
trachea.  

An inflatable balloon attached to the tube at the tracheal end prevents air from escaping 
through the upper airways and out of the body. The end of the tube outside of the body 
that is connected to a ventilator (machine that forces air into the lungs by providing 
positive pressure).  

Normally, people breathe spontaneously by contracting the large dome-shaped muscle 
underneath the lungs (diaphragm).  

When the diaphragm contracts during inhalation, the dome deflates, the volume of the 
chest cavity increases, and negative pressure, or a partial vacuum, is created, bringing air 
into the lungs. When the diaphragm relaxes during exhalation, the dome rises, the volume 
of the chest cavity decreases, and air is pushed out of the lungs.  

Positive pressure ventilation does two things:  
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 It pushes air into the lungs, relieving fatigued, and nonfunctioning breathing 
muscles.  

 It creates positive pressure in the alveoli, keeping them from collapsing and 
pushing fluid out of the alveolar spaces.  

 

How long does a patient with ARDS need mechanical ventilation support?  
Positive pressure ventilation is maintained until the patient can breathe independently at a 
normal rhythm. Some patients need support for only a few days and others may require it 
for months.  

Health care practitioners often refer to taking a person off mechanical support as 
"weaning" them from the ventilator. Patients without a history of lung disease are usually 
weaned fairly smoothly. Difficult weaning may indicate complications, such as poor 
nutritional status, or an untreated or new infection.  

Noninvasive positive pressure ventilation (NIPPV)  
Positive pressure ventilation is sometimes accomplished with a facemask that forms a 
tight seal around the mouth and nose or just the nose. Since ventilation via an 
endotracheal tube is more efficient, NIPPV is usually used on a temporary basis and for 
milder cases.  

Continuous positive airway pressure (CPAP)  
CPAP may be used temporarily in patients who can maintain breathing but cannot 
oxygenate adequately. CPAP is applied through a mask, in this instance usually over both 
the nose and mouth that forms a tight seal. Positive pressure is applied by a machine with 
inspiration and expiration, causing fluid to be pushed out of the alveolar space and 
opening alveoli or preventing them from collapsing.  

Techniques for patients who are difficult to oxygenate  
Sometimes, putting a patient into the prone position (on their stomach) helps positive 
pressure get oxygen into the bloodstream easier. Lying on the stomach increases gas 
exchange in the alveoli.  

Inverse ratio ventilation and muscle-paralyzing drugs  
Inverse ratio ventilation is reserved for severe cases when it is impossible to oxygenate 
the patient adequately. Treatment involves increasing the amount of time that the 
ventilator is inspiring versus expiring. Patients normally spend more time exhaling than 
inhaling, at a ratio of about 3:1. Increasing the amount of time spent inhaling re-expands 
more collapsed alveoli than positive pressure alone. This is an uncomfortable technique 
and usually requires sedation and a muscle-paralyzing drug that keeps the respiratory 
muscles from resisting the unnatural inverse ratio ventilation.  

Complications of mechanical ventilation  
Volutrauma, over expansion of the alveoli, can contribute to lung injury and is one of 
the most common complications of mechanical ventilation. Recent studies have shown 
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that decreasing the amount of air pushed into the lungs can reduce the risk for 
volutrauma.  

Pneumothorax, air in the pleural cavity (the normally empty space between the lungs 
and the ultra thin membranes that surround the lungs [pleura]), occurs when lung tissue 
ruptures. Weakened lungs, high pressures from the ventilator, and the high volume of air 
increase the risk for pneumothorax.  

Medication  
Most medications prescribed during an ARDS episode treat the underlying condition. 
Although corticosteroids have no proven benefit for early ARDS, they may be beneficial 
7 to 10 days following mechanical ventilation. Sedating or muscle-paralyzing drugs are 
used during mechanical ventilation to prevent resistance to the forced movement of air.  

Other Treatments  
Other techniques have been used to restore breathing in patients with ARDS (e.g., 
inhalation of nitric oxide), but they do not prolong survival or prevent further lung 
damage. For example, inhaled nitric oxide can significantly improve pulmonary 
hypertension, a complication of ARDS, but its toxic byproducts can be damaging. Initial 
studies of an aerosolized synthetic surfactant designed to keep the alveoli from collapsing 
have been disappointing.  

 

Non-ventilatory strategies in ARDS 

J Cranshaw, M J D Griffiths and T W Evans  

Introduction 
Pharmacological approaches to the treatment of ARDS are reviewed. Future treatments 
should be targeted at elements of the pathological process that produce specific clinical 
problems.  

Our understanding of the pathophysiology and management of the acute respiratory 
distress syndrome (ARDS) has improved immensely since its original description, but 
pharmacotherapies have proved disappointing in clinical trials. Several reasons have been 

proposed for this failure.  

 There are no good experimental models of ARDS so that drugs may not have the 
desired effect or produce unacceptable side effects when used clinically.  

 The inflammatory cascades that cause sepsis and ARDS are characterized by 
widespread redundancy so it is unlikely that a single agent could reverse or 
terminate such complex processes.  

 Although a drug may improve pulmonary function, it may not alter outcome. 
Fewer than 5% of patients with ARDS die of respiratory failure; the majority 
suffers from multiple organ failure and succumbs after withdrawal of support.  
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 Enrolling patients with ARDS in clinical trials using the American-European 

Consensus Conference definition ignores the heterogeneity of the disease. In 
pathological terms, the acute exudative and fibroproliferative phases present 
distinct targets for intervention, making the timing of drug administration (after 

disease onset) crucial. The primary cause(s) of ARDS, the patient's age and 

medical history all affect prognosis and possibly drug responsiveness of the 
condition.  

Recent reports suggest that the mortality associated with ARDS may be falling, probably 
because of advances in supporting critically ill patients. This trend may increase the 
number of potential survivors and the window of opportunity for pharmacological 

manipulation of lung injury. Thus, drugs that have been apparent failures in terms of 
mortality may still have a useful role to play, either in combination with other agents or in 
subgroups of ARDS patients defined either by their underlying condition or by their stage 
of lung injury.  

 
 
Intravenous Fluid Management  

Patients with ARDS often have cardiovascular dysfunction caused by systemic 
inflammation that is commonly associated with sepsis. Hence, myocardial depression, 
abnormal vascular tone, and permeability contribute to abnormal tissue oxygenation and 
ultimately organ failure. In practice, achieving adequate organ perfusion may occur at the 
cost of increasing extravascular water manifesting as an exacerbation of pulmonary 
oedema. Low extravascular lung water levels are associated with better oxygenation and a 
lower mortality in patients with ARDS in retrospective studies. There is limited 
prospective evidence that targeting lower extravascular lung water using diuretics with 
vasopressors to support organ perfusion reduces the time required on a ventilator. Our 

policy is to keep the intravascular volume as low as possible while maintaining an 
adequate cardiac index and mean arterial pressure.  

 
Inhaled Vasodilators  
Nitric oxide (NO) is a free radical gas produced constitutively in the lung by nitric oxide 
synthase from L-arginine, NADPH, and oxygen. Endothelial cells constitutively release 
NO, causing pulmonary vasodilation primarily via the secondary messenger cyclic 
guanosine monophosphate. ARDS is characterized by ventilation-perfusion mismatching 
which produces arterial hypoxaemia that may in part be caused by disordered endogenous 
NO activity. Patients with ARDS commonly have mild pulmonary hypertension. Any 
inhaled vasodilator can augment hypoxic pulmonary vasoconstriction by selectively 
vasodilating vessels associated with ventilated alveoli to improve oxygenation. 

  
Improved oxygenation and direct vascular smooth muscle relaxation by NO also reduce 
pulmonary vascular resistance (PVR). Vasoconstriction by hypoxia, hypercapnia, 
thromboxane A2, and angiotensin II can all be partially reversed by inhaled NO, although 
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the PVR of normal volunteers is not affected. Reducing PVR and consequential 

improvements in right ventricular function may benefit some patients with ARDS. 
However, NO does not increase cardiac output in the majority. Reduced arteriolar and 
venous tone may lower capillary pressure, reducing leakage and further improving gas 

exchange. Unfortunately, in patients with pulmonary hypertension associated with 
impaired left ventricular function, pulmonary vascular relaxation may also increase 
pulmonary oedema.  

Endothelial NO also inhibits platelet aggregation and neutrophil adhesion that are 
possible mediators of lung injury. Although the importance of these actions in ARDS is 
uncertain, inhaled NO has been used immediately after lung transplantation to reduce 

ischaemia-reperfusion injury. NO is generally unreactive. However, it quickly reacts with 
other radicals and reactive oxygen species (ROS) including the superoxide anion to 
produce more reactive products such as peroxynitrite. Although ROS are usually kept at 
low levels in lung tissue by antioxidants and dismutases, these protective systems may be 
overwhelmed during ARDS. In vitro, peroxynitrite oxidises and nitrosylates proteins, 
nucleic acids and lipids, including essential components of the surfactant system. 
However, the clinical significance of peroxynitrite production is unknown.  

Approximately 60% of patients with ARDS or acute lung injury (ALI) of all causes 
respond to inhaled NO, increasing their PaO2 by more than 20%. The effect can 
frequently be seen in less than 10 minutes or may take several hours. However, in several 
trials the oxygenation of control groups has risen to meet that of NO treated patients 
between 24 hours and 4 days. The concentration-response relationship between inhaled 
NO and arterial oxygenation shows considerable interindividual variation. Currently there 
are no indicators that will predict the response. Maximal improvement in oxygenation is 
sometimes achieved with 1–2 parts per million (ppm) and occurs at less than 10 ppm in 
most patients. Maximal reduction in pulmonary artery pressure is usually obtained 
between 10 and 40 ppm, with no benefit and possible toxicity at doses greater than 80 
ppm. United Kingdom guidelines suggest a maximum dose of 40 ppm. Intra-individual 
variation in response with time is also significant and may be influenced by lung 
recruitment, co-existent pathology, or the resolution of inflammation. Clinically, it is 
sometimes difficult to stop inhaled NO without "rebound" pulmonary hypertension and 
hypoxaemia. The last 1–2 ppm may have to be weaned especially slowly.  

The systemic effects of inhaled NO are negligible due to the rapid strong combination of 
NO with haemoglobin to form methaemoglobin. This is normally reduced to functional 
haemoglobin and NO is ultimately converted to soluble NO3. Methaemoglobinaemia 
produces a functional anaemia and a left shift in the dissociation curve, but rarely causes a 
clinical problem. Normal levels of methaemaglobin are less than 2% and values less than 
5% usually do not need treatment. NO reacts slowly with oxygen and water to form toxic 

NO2, nitrous and nitric acids. These damage the lung at concentrations as low as 2 ppm.  

The reaction rate is proportional to the fractional inspired oxygen concentration (FiO2) 
and the square of the NO concentration. Thus, the contact time and concentrations of the 
gases should be kept to a minimum. With proper monitoring, delivery systems, and NO 
doses of less than 40 ppm, NO2 is not a significant problem. Delivery systems that add 
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NO "upstream" of the ventilator allow longer mixing with oxygen and are not 

recommended. Continuous "downstream" addition of NO may allow NO to collect in the 
inspiratory limb of the circuit during the expiratory phase of some systems.  

Synchronised NO delivery during inspiration may be the optimum mode of delivery. NO 
contained in exhaled gas should be absorbed before release.  

Randomised controlled trials in patients with ARDS have shown that, while inhaled NO 
temporarily improves oxygenation and reduces pulmonary artery pressure in the majority, 
its use is not associated with an improved outcome . Inhaled NO is therefore not a 
standard treatment for ARDS. However, patients with severe refractory hypoxaemia and 
inadequate right ventricular function secondary to pulmonary hypertension may benefit 
from inhaled NO. NO may also protect patients whose oxygenation might  otherwise 
depend upon a potentially damaging ventilatory strategy. In small studies the pulmonary 
vasoconstrictor almitrine improved oxygenation in patients with ARDS. 

 It has been suggested that low dose intravenous almitrine potentiates hypoxic pulmonary 

vasoconstriction and the combination of almitrine and inhaled NO may improve 
oxygenation synergistically in patients with ARDS. 

  
Prostacyclin (PGI2) is an endothelium-derived prostaglandin vasodilator that inhibits 
platelet aggregation and neutrophil adhesion. Its mechanism of action differs from NO in 
that smooth muscle relaxation is associated with a rise in cytoplasmic cyclic adenosine 
monophosphate. Its half-life is only 2–3 minutes but it is not metabolised by the lung, so 
when administered intravenously, PGI2 lowers pulmonary vascular resistance but may 
also increase intrapulmonary shunting and cause systemic hypotension. However, 
nebulised PGI2 (0–50 ng/kg/min) or alprostadil (PGE1, 20–80 µg/h) produce equivalent 

effects to inhaled NO with minimal systemic side effects and without measurable platelet 
dysfunction, but there have been no large randomized trials of these therapies. 
Nevertheless, the relatively simple delivery system, harmless metabolites, and no 
requirement for special monitoring make nebulised PGI2

 an attractive alternative to 
inhaled NO, despite its expense.  

 
Corticosteroids  
Corticosteroids reduce the production of a great number of inflammatory and profibrotic 
mediators by many mechanisms. The importance of steroid therapy to the resolution of 
lung inflammation in animal models became apparent in the 1980s. Unfortunately, trials 

of short term, high dose steroid therapy (for example, methylprednisolone 30 mg/kg 6 
hourly for 24 hours) failed to show an improvement in mortality of patients at risk of or 
with early ARDS associated with sepsis, aspiration, and trauma. In fact, some trials 
showed increased risk of infection, lower rates of reversal of ARDS, and increased 
mortality associated with the use of high dose steroids. Meta-analyses of available trials 
emphasize the adverse effects of these agents in patients with sepsis.  
  
However, the use of steroids in patients with late ARDS (7–14 days from diagnosis) has 
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not been abandoned. Recent data suggest that inflammation and fibrosis in the lung are 
distinct and thus independently manipulable processes. There is also clinical evidence that 
steroids favorably modify the fibroproliferative phase of ARDS. In the 1990s lower dose 
(2–8 mg/kg/day methyprednisolone), longer term (2–6 weeks) corticosteroid treatment 
was used in patients with ARDS of over 10 days duration. 

 Mortality fell to approximately 20% in some uncontrolled series but complications 
attributable to steroids were not infrequent and included sepsis, pneumonia, wound 
infection, gastric ulceration, and diabetes.  

A trial using this approach randomized 24 patients with "unresolving" ARDS of more 
than 7 days duration to methylprednisolone (2 mg/kg load then 2 mg/kg/day in four 
divided doses reducing weekly to 1 mg/kg/day, then 0.5 mg/kg/day, then 0.15 
mg/kg/day). None of the 16 patients in the steroid group died compared with five of eight 
originally given placebo. Steroid therapy was associated with improved oxygenation and 
successful extubation.  

Eligible patients were examined for pulmonary infection by bronchoalveolar lavage at 
day 5 and all febrile patients received a broad septic screen before trial entry. 
Documented infections were treated with appropriate antibiotics for at least 3 days before 
steroids were administered. Despite these precautions, 75% of patients in both arms of the 
trial suffered new sepsis. Although the results are promising, the design and interpretation 
of this trial have proved contentious. The larger NIH ARDS Network Late Steroid Rescue 
Study may provide sounder evidence for prescribing low dose steroids in late ARDS.  

 
Surfactant  
Type II alveolar cells synthesize and recycle surfactant phospholipids and proteins. 
Surfactant lowers alveolar surface tension and prevents collapse at low lung volumes. The 
same effects reduce the hydrostatic pressure gradient favoring fluid movement into the 
alveolar space. Surfactant also has anti-inflammatory and antimicrobial properties. 
During ARDS, surfactant activity may be deficient because of reduced production, 
increased removal with recurrent alveolar collapse during ventilation, abnormal 

composition and, importantly, dysfunction caused by plasma proteins, ROS, and 
proteases in the flooded alveolar space. 

Various preparations, doses, administration regimens, and delivery techniques have been 
proposed. Phospholipids alone are inferior to composites of lipid and surfactant proteins. 
The amount of drug required varies with the type of administration technique—
intratracheal delivery, aerosolisation in ventilator gas, and direct bronchoscopic 

instillation. Simultaneous segmental lavage has been combined with the latter approach 
and this process itself may benefit some patients. The optimum timing and duration of 
surfactant therapy is still to be determined.  

A phase III clinical trial of one aerosolized preparation in sepsis induced ARDS has been 
conducted on a background of improved oxygenation in previous reports. No significant 
effect was seen on oxygenation, duration of ventilation, or survival with up to 5 days of 
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continuous treatment beginning within 48 hours of ventilation. However, this study has 
been criticized because the compound used contained no protein and aerosolisation may 

have delivered less than 5 mg/kg/day of phospholipid when investigations  suggest 
instillation of 300 mg/kg/day may be required. 

 Bovine surfactant administered intratracheally in a smaller trial has shown that higher 
doses (100 mg/kg qds) are required to alter alveolar surfactant composition.  

This dose improved oxygenation over 120 hours and a trend was observed towards 
reduced mortality at 28 days. Total bronchopulmonary segmental lavage with 30 ml per 
segment of a synthetic protein containing surfactant was safe and effective at improving 
oxygenation within 72 hours of the onset of sepsis induced ARDS. Despite these trials, 

the use of surfactant in ARDS remains experimental. Successful use of surfactant in 
animal models of lung injury and in neonatal respiratory distress syndrome suggests that 
efficient administration of an effective substitute could be beneficial in ARDS. The goals 
of treatment would include both improved gas exchange and protection against ventilator 
induced lung injury.  

 

 
Immunonutrition  
Avoiding nutritional depletion while delivering a high fat, low carbohydrate diet to 
reduce carbon dioxide production and ventilatory demand is appropriate for patients with 
ARDS. Immunonutrition aims to influence inflammation positively and to protect 
gastrointestinal integrity. However, supplying enteral nutrition of any type may stimulate 
gastrointestinal and pulmonary IgA defence mechanisms. In vitro, dietary additives 
improve depressed immune cell function from some critically ill patients and attenuate the 
production of proinflammatory mediators in others.  

The amino acids glutamine and arginine may be useful dietary additives for patients at 
risk of or with established ARDS. Enterocytes metabolise glutamine in a manner that 
enhances intestinal mucosal integrity and reduces translocation of bacteria and toxins into 
the portal circulation that may fuel a systemic inflammatory response. Glutamine and 
arginine also augment lymphocyte function, and arginine improves monocyte function in 
critically injured patients. L-arginine supplementation may also increase NO production, 
alter vascular tone, and augment free radical mediated antibacterial defences.  

Similarly, omega-3 fatty acids such as eicosapentenoic acid and the unsaturated oil 
gamma-linolenic acid reduce proinflammatory cytokine and eicosanoid production. Less 
biologically active eicosanoids such as prostaglandin PGE1, thromboxane TXA3, and 
leukotriene LTB5 are produced from these unsaturated fats by cyclo-oxygenase (COX) 
and 5-lipoxygenase during inflammation. Animal experiments suggest that 
polyunsaturated fatty acids can reduce pulmonary vascular resistance, lung neutrophil 

infiltration, and microvascular permeability, thereby improving gas exchange.  
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In patients with ARDS, enteral immunonutrition supplemented with antioxidants for at 
least 4 days was associated with reduced pulmonary neutrophil recruitment, improved 
oxygenation, a shortened duration of mechanical ventilation, and reduced morbidity in 

terms of new organ failure. However, there was no difference in mortality between the 
control and treatment groups.  

A meta-analysis of 12 randomized controlled trials comparing critically ill medical, 
surgical, and trauma patients given standard enteral nutrition with patients receiving 
immunonutrition suggested reduced rates of infection including nosocomial pneumonia, 
but again no effect on mortality. With some reservations, the authors concluded that their 
data suggested real benefits of immunonutrition in surgical and trauma patients, but that a 

large double blind, multicentre, randomized controlled trial was still required.  

 
Prostaglandin E1 
Intravenous PGE1 causes both pulmonary and systemic vasodilation and, in some 
critically ill patients, increases cardiac output and oxygen delivery. Although the effect on 
the pulmonary circulation is usually small, vasodilation is more marked under hypoxic 
conditions, and the nebulised drug improves ventilation-perfusion matching. PGE1 also 
inhibits platelet aggregation and neutrophil adhesion. 

 The initial trial of PGE1 showed improved survival in trauma patients with respiratory 
failure. However, this benefit could not be reproduced in a subsequent multicentre trial in 
patients suffering from lung injury precipitated by surgery, trauma, or sepsis. The dose of 
PGE1 was limited by side effects, particularly systemic hypotension.  

More recent trials have used liposome technology to increase drug delivery while 
mitigating side effects. The use of a liposome itself is associated with immune modulating 
effects including down regulation of neutrophil adhesion molecules. A combined PGE1-
liposome preparation in a rodent model of ALI reduced pulmonary neutrophil infiltration 

and capillary leak. However, although the phase II and III trials of liposomal PGE1 
showed that patients with ARDS receiving the drug had more rapid improvements in the 
PaO2/FiO2 ratio, neither a survival benefit nor a reduced requirement for ventilatory 

support was found in the treatment group. Retrospective subgroup analysis suggested that 
high dose therapy might reduce the time to extubation.  

 
Thromboxane Synthase and 5-Lipoxygenase Inhibitors 

Thromboxane and leukotrienes are in part responsible for the pulmonary hypertension 
and hypoxaemia of ARDS. Pulmonary vascular smooth muscle cells, endothelial cells, 
platelets, and neutrophils all release TXA2 on stimulation. TXA2 can initiate 
microvascular thromboses consisting of neutrophil and platelet aggregates that are 
responsible for perfusion abnormalities and recurrent ischaemia-reperfusion injury to the 
lung. The vasoconstrictive effect of TXA2 similarly contributes to impaired gas exchange. 

In animal models of lung injury thromboxane synthase inhibition reduced pulmonary 
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oedema formation and inhibited microembolism, but pulmonary hypertension was only 
partially relieved. 

Leukotrienes (LT) are derived from arachidonic acid by 5-lipoxygenase. LTB4 is a potent 
neutrophil chemokine while LTC4 and LTD4 cause pulmonary vasoconstriction, capillary 
leak, and pulmonary oedema. The role of leukotrienes in ARDS has been less well 
researched but bronchoalveolar lavage fluid from patients with ARDS contains increased 
concentrations of LTB4, LTC4 and LTD4, which may be markers for developing ARDS. 

Ketoconazole is an imidazole antifungal agent that inhibits thromboxane synthase and 5-
lipoxygenase without inhibiting COX. Ketoconazole may therefore have a dual anti-
inflammatory action in ARDS by inhibiting inflammatory eicosanoid synthesis and 
directing COX products down other less inflammatory metabolic paths such as those 
synthesizing prostacyclin or PGE2. 

 

Four trials have used enteral ketoconazole in patients at risk of or with ARDS. The 
incidence of acute respiratory failure was reduced in high risk surgical patients and other 

critically ill patients. However, an ARDS Network trial 
(http://hedwig.mgh.harvard.edu/ardsnet) in patients with established ARDS of medical 
and surgical aetiology found no differences in in-hospital mortality, ventilator free days at 

day 28, organ failure-free days, or markers of gas exchange between patients given 
ketoconazole or placebo. This trial achieved plasma levels of ketoconazole higher than 
targeted previously but could not demonstrate a reduction in thromboxane production in 
vivo. The effect of decreasing thromboxane synthesis in ARDS is therefore still 
unknown. It is still possible that ketoconazole in surgical and trauma patients at risk of or 
with incipient pulmonary injury may be beneficial.  

 
Antioxidants  
The damage caused by ROS to matrix and cellular proteins, lipids and nucleic acids and 
ROS mediated signaling contribute to the pathogenesis of ARDS. The thiol groups of 
glutathione concentrated in the lower respiratory tract normally provide physiological 
antioxidant protection. However, the concentration and activity of glutathione in 
bronchoalveolar lavage fluid of patients with ARDS is reduced. Intravenous 
administration does not reliably raise glutathione levels, but glutathione synthesis is 
stimulated by N-acetylcysteine (NAC) and procysteine (L-2-oxothiazolidine-4-
carboxylate). Administration of these precursors increases plasma, erythrocyte, 
neutrophil, and BAL fluid concentrations of glutathione in patients with ARDS, although 

a complete effect may require 10 days of treatment. Early results of NAC therapy were 
promising, but several trials have found no difference in mortality, length of ventilatory 
support, or improvement in oxygenation in patients with established ARDS, and a large 
phase III trial of procysteine was stopped early because of concerns about mortality in the 
treatment arm of the study. Currently, there is little evidence that intravenous NAC or 
procysteine are of benefit to patients with ARDS.  
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Dietary antioxidants such as ascorbic acid, tocopherol, and flavonoids have ROS 
scavenging ability and the capacity to reduce oxidized antioxidants as well as binding 
ROS producing catalysts such as free iron. Although reports of a significant action of 
these supplements on pulmonary inflammation are lacking, they are already components 
of some "immunonutrition" preparations. 

 
Phosphatidic Acid Inhibition  
Phosphatidic acids are liberated in response to inflammatory stimuli by lysophosphatidic 
acyl transferase and, like arachidonic acid, are a source of inflammatory mediators. 
Pentoxifylline and its more potent metabolite lisofylline are lysophosphatidic acyl 
transferase inhibitors. These compounds reduce serum free fatty acids in humans and 
lower cytokine production, neutrophil activation, pulmonary neutrophil sequestration, and 
attenuate lung injury in animal models. However, a study of lisofylline in 235 patients 
with ALI and ARDS was stopped at the first interim analysis because the pre-specified 
level of improvement for the treatment arm of the trial was not achieved. 

 
Conclusions  
Most pharmacological strategies used in ARDS have targeted the inflammatory response. 
Many agents not mentioned here—cytokine inhibitors, anti-inflammatory cytokines, anti-
proteases, and anti-endotoxin agents—alone and in combination are in the early phases of 
drug development. Between 18% and 41% of patients with sepsis will develop ARDS and 
post mortem examination reveals evidence of infection, particularly pneumonia, in almost 

all patients with ARDS.  

This overlap between sepsis and ARDS means that improvements in the treatment of 
sepsis may influence the incidence and outcome of ARDS. Large clinical trials of  anti-
inflammatory agents for sepsis such as ibuprofen, anti-endotoxin, and anti-tumor necrosis 
factor alpha antibodies have had no impact on the mortality associated with ARDS so far. 
Recombinant activated protein C has been shown to decrease the mortality of patients 
with sepsis and may improve the outlook of patients with sepsis induced ARDS. 

If the future of ARDS treatment lies in improvements in the management of multiorgan 
failure, then the pharmacological approach to treating lung injury may change. Previous 
attempts at simply dampening or halting the whole acute inflammatory process may be 
replaced by targeted therapies directed at elements of the pathological process that 
produce specific clinical problems. For example, reducing pathological fibrosis may be 
possible when more is understood about the regulation of collagen turnover in the normal 
and injured lung. Similarly, the protection, stimulation or suppression of alveolar cell 
division, migration, and secretion may be possible. This may enhance the repair of the 
alveolar epithelial cell barrier, the clearance of intra-alveolar exudate, and the normal 
turnover and function of surfactant.  
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Glossary Of Pulmonary Terms 

A 

Acidemia - abnormally high level of acid in the blood, low pH (< 7.35)  

Acidosis - condition resulting from accumulation of acid in the blood and tissues 

Acute - In medical language, relatively brief in time. Example, a cold or flu is an acute 
illness. 

Acute Interstitial Pneumonia (AIP) - Formerly called Hamman-Rich Syndrome (or 
disease), AIP has been redefined as a specific idiopathic interstitial pneumonia 

Adult Respiratory Distress Syndrome (ARDS) - respiratory failure of sudden onset 
characterized by leakage of plasma into the lungs via damaged capillaries, resulting in 
fluid accumulation which deprives the lungs of their ability to expand.  ARDS is a 
medical emergency.   

Air sacs - see Alveoli 

Air trapping - the air caught behind collapsed bronchial branches during expiration 

Airway - a passageway for air into or out of the lungs.  

Airway Collapse - Actual collapse or closure of branches of the bronchial tree, caused 
by weakened bronchial walls secondary to disease. 

All Trans Retinoic Acid (ATRA) - Vitamin A derivative being investigated for possible 
tissue regeneration in patients with mild to moderate emphysema.  ATRA is known to be 
toxic when used systemically, but its use in treating acute promyelocytic leukemia (APL) 
has shown promising results (see ATRA Syndrome) 

Alkalemia - a blood pH above normal (> 7.45). 

Alpha1 Antitrypsin Deficiency (A1AD) - an inherited recessive disorder resulting in 
low or no production of Alpha1 Antitrypsin. Lack of this protein leads to organ damage, 
mainly to the liver and lung.  

Alveolar Macrophage (AM) - A cell in the lungs which engulfs bacteria and foreign 
material and produces enzymes to protect the lung. 

Alveoli (pl) (singular: alveolus) - tiny air sacs at the end of the bronchioles where oxygen 
crosses capillaries into the bloodstream, exchanging it for carbon dioxide crossing from 
the bloodstream into the alveoli to be exhaled. Adults have roughly 300 million 
microscopic alveoli in their lungs 
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Antibiotic - medication that interferes with the growth of bacteria and may stop an 
infection. 

Anti-inflammatory - a drug used to fight inflammation 

Apnea - the absence of spontaneous respiration 

Arterial Blood Gases (ABG) - a lab test of arterial blood (usually taken from the wrist) 
which measures carbon dioxide and oxygen levels as well as acid-base status.  

Normal ABG values: pH 7.32 to 7.45 
PO2 80 to 98 mmHg 
PCO2 35 to 45 mmHg 
SaO2 96 to 98% 

SaO2 of  90% or above is considered adequate to support tissues and body 
functions. At less than 90% tissues and organs begin to suffer and 
supplemental oxygen may be prescribed. 

Artery - one of the tubular branching vessels that carry blood from the heart to the 
organs and parts of the body;  arteries usually carry oxygenated blood. 

Asthma - a chronic inflammatory airway disease characterized by airway narrowing, 
bronchospasm  and wheezing; asthma is considered a reversible condition.  Asthma is 
often called a reactive airway disease when it's expected to be of short duration, i.e. 
'outgrown' as a child ages.   

Asthmatic Bronchitis - Coexistence of wheezing and chronic bronchitis. 

Atelectasis - incomplete expansion of the lung 

ATRA - See All Trans Retinoic Acid 

ATRA Syndrome -  a life-threatening complication that can occur during the treatment 
of acute promyelocytic leukemia (APL) by ATRA. Main clinical signs are respiratory 
distress, fever, pulmonary infiltrates, weight gain, pleural effusion, renal failure, 
pericardial effusion, cardiac failure and hypotension.   

B 

Bacteria - single-celled organisms which cause infections; they are usually treated with 
antibiotics. 

Barrel chest - the shape of the chest in some patients with COPD when air trapping 
causes over-inflated lungs 
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BiPAP - Bi-Level Positive Airway Pressure  - a machine which administers air under 
pressure via a nose mask to keep airways open and unobstructed.  Respironics' (BiPAP®) 
units track the patient's breathing and lower the pressure during exhalation. 

Blebs  - Air-filled cysts near or on the surface of the lung.  Blebs are less than 1cm in 
diameter.  Compare to bullae 

Blebs Disease - see Spontaneous Pneumonothorax 

Blood Pressure (BP) - force exerted by the blood on the walls of the main arteries of the 
body.  BP measurements are made both when the heart's ventricles are contracting 
(systolic pressure), and when the ventricles are at rest (diastolic pressure).  In a young 
adult, a healthy pressure averages 120 systolic and 80 diastolic (recorded as 120/80).  
Hypertension occurs when BP is too high; hypotension is too low a BP. [symptoms of 
hypotension] 

Blue Bloater - term for the COPD patient whose symptoms include hypoxemia, 
secondary polycythemia, CO2 retention,  pulmonary hypertension and cor pulmonale.   
Compare to Pink Puffer Term is rarely used anymore. 

Body Box - see Plethysmography (THIS ONE'S FOR THE LIVING!!) 

Bone Mineral Density (BMD) - bone density is the amount of bone tissue in a certain 
volume of bone. This measurement is taken using a special x-ray called quantitative 
computed tomogram 

Bradypnea - decreased breathing rate, usually under ten breaths per minute.  Bradypnea 
is often caused by the administration of narcotic analgesics such as morphine. 

Bronchi (pl) (singular: bronchus) - branches of the bronchial tree 

Bronchial tree - term used to describe the ductwork of the respiratory system which 
branch like a tree, the terminal 'branches' leading to the alveoli. 

Bronchiectasis - a chronic inflammatory or degenerative condition of bronchi or 
bronchioles marked by dilation and loss of elasticity of the walls. 

Bronchioles - tiniest branches of the bronchial tree, they lead into the alveoli 

Bronchiolitis Obliterans (BO) - an obstructive process involving small airways in the 
lung periphery. It may occur following a bout of pneumonia or lung transplantation.   

Bronchiolitis Obliterans Organizing Pneumonia (BOOP) - obstructive condition 
characterized by granulation tissue plugs within the small airways. This abnormal tissue 
extends into alveolar ducts and alveoli.   

Bronchitis - acute or chronic inflammation of the bronchial airways or any part of them. 
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Acute Bronchitis - inflammation of cells lining the bronchi causes 
production of yellow or gray mucus which clogs airways resulting in 
shortness of breath, wheezing and pain in upper chest, especially when 
coughing. 

Chronic Bronchitis - to be considered chronic, there must be a productive 
cough on most days for at least three months of the year, for at least two 
consecutive years.   

Bronchoalveolar Lavage (BAL) - during bronchoscopy, a small amount of saline is 
injected into the distal (far) portions of the lung, then aspirated back through the 
bronchoscope, washing out the alveoli. The material recovered is then analyzed for cell 
count, differential or foreign bodies.  

Bronchodilator - a drug that relaxes the smooth muscles in the constricted airway. 

Bronchoscopy - a procedure where a lighted bronchoscope is inserted through the nose 
or throat to allow visual examination of the trachea, bronchi and select bronchioles. 

Broncopulmonary Dysplasia (BPD) - abnormal development of the lung that results 
from oxygen toxicity in premature infants who receive prolonged respiratory assistance 
for hyaline membrane disease.   

Bronchospasm - constriction of air passages of the lung by spasmodic contraction of the 
bronchial muscles, obstructing the flow of air. 

Bullae (pl) (singular: bulla) - large air spaces within the lung, >1-2 cm in diameter,  
formed by ruptured alveoli. Compare to blebs. 

Bullous Disease - See Vanishing Lung - also known as type 1 bullous disease and 
primary bullous disease of the lung 

C 

Carbon Dioxide (CO2) - a colorless, odorless, nonflammable gas produced in 
respiration, and given off by the tissues to the blood, to be exhaled by the lungs in 
exchange for oxygen. 

Cardiopulmonary (C/P) - pertaining to both heart and lungs  

Chest X-Ray (CXR) - images of the chest cavity can be used to assess lung disease. 
Dense structures of the body, like bone, will appear white; air will be indicated by areas 
in black ('air' is a void which can't be photographed).  All other structures will appear as 
shades of gray.  

Chronic - refers to a disease or disorder that shows little change in symptoms from day 
to day, but implies a continuing disease process with progressive deterioration.  
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Chronic Lung Disease (CLD) - broad term covering both obstructive conditions, 
characterized by a slow rate of forced expiration, and restrictive disease characterized by 
a reduction in total lung capacity. 

Chronic Obstructive Pulmonary Disease (COPD) - COPD is diagnosed when chronic 
bronchitis and emphysema present themselves as one disease, most often in smokers and 
former smokers. The definition of COPD recognized by both the American Thoracic 
Society and the European Respiratory Society is a disorder characterized by reduced 
maximal expiratory flow and slow forced emptying of the lungs; features that do not 
change markedly over several months. This airflow limitation is only minimally 
reversible with bronchodilators. 

Cilia (pl) - tiny hairlike cells that line the airways and  beat constantly toward the 
pharynx to assist in removal of mucus and dust particles. 

 

 
Clubbing - refers to a condition where tips of the fingers enlarge and the nails become 
curved from front to back as a result of  chronic low blood-oxygen levels.    

Clubbing has 'reversed' in patients who underwent lung transplantation.  

Compliance (Patient compliance) - in medical language, the practice of following 
medical direction fully and correctly. 

Computerized Axial Tomography Scan (CAT or CT) - An x-ray procedure that uses a 
computer to produce a series of three dimensional images of the body and it's organs.  

Congestive Heart Failure (CHF) - failure of the heart to maintain adequate blood 
circulation 

Conserver - see Oxygen Conserver 

Continuous Positive Airway Pressure (CPAP) - a machine which administers a 
continuous flow of air under pressure via a nose mask to keep airways open and 
unobstructed. 

Cor Pulmonale - enlargement of the right ventricle resulting from pulmonary 
hypertension secondary to lung disorders  

Corticosteroid - natural or synthetic hormones like those produced by the body's adrenal 
glands which are used to reduce swelling and inflammation 

CPAP Titration (Test) - see Oximetry 

Cyanosis - dusky bluish or purplish tinge to the skin caused by insufficient blood oxygen 



 

 
 

118

Cystic Fibrosis (CF) - a disease of the mucus and sweat glands which causes disorders 
of the lungs and pancreas.   

CF is the leading cause of chronic lung disease in children and young 
adults, and the most common fatal hereditary disorder affecting 
Caucasians in the US.  

 

D 

Demand Positive Airway Pressure (DPAP) - This machine monitors breathing.  If 
spontaneous respiration doesn't occur within eight seconds,  DPAP will provide the 
patient a 'breath' at whatever pressure flow necessary to move air into the lungs. 
Indications for DPAP usage is intolerable use of CPAP. 

Desaturation - term commonly used to indicate decrease in oxygen saturation of 
hemoglobin. 
 
Desquamative Interstitial Pneumonitis (DIP) - thought by some to be an early stage of 
idiopathic pulmonary fibrosis. This type of interstitial pneumonia occurs in current or 
past smokers  

Diaphragm - a dome shaped muscle above the abdomen and below the lungs. When it 
contracts it creates negative pressure within the chest allowing air to be drawn into the 
lungs.   

Diffuse Alveolar Disease (DAD) - See IPF 

Diffusion - movement of oxygen or carbon dioxide across the membrane of the alveoli 

Dyspnea - difficult or labored breathing; air hunger 

 

E 

Echocardiogram (ECHO) - a picture of the heart produced on a television screen by 
'echoes' of ultrasound  

Edema -an abnormal accumulation of fluid in connective tissue causing puffy swelling 

Elastic recoil - ability of the lung to 'snap back' at the end of inspiration. 

Electrocardiogram (ECG or EKG) - a record of the electrical activity of the heart; it 
records electrical impulses preceding contraction of the heart muscle.   
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Embolism - the sudden blocking of an artery by an embolus carried to the site by the 
blood flow. 

Embolus - clot, or foreign material (such as a fat globule)  

Emphysema - a chronic obstructive pulmonary disease characterized by dilation and 
destruction of alveoli leading to large air spaces, decreased elastic recoil and air trapping. 
 Emphysema is one of two conditions which present as a singular disease called COPD; 
the other is chronic bronchitis.    

Endotracheal Tube (ET) - a tube which by which a patient is connected to a respirator, 
it's inserted through the patient's mouth or nose, passes through the throat (and vocal 
cords), and into the air passages. The patient will be unable to speak while the  tube is in 
place. 

End-stage Emphysema - "End-stage refers to the patient for whom the damage to their 
lungs has reached a stage where symptoms severely affect their quality of life and has 
begun to affect other organs, such as the heart.  Drugs, progressive exercise programs, 
oxygen, lung reduction surgery, and ultimately lung transplants are considered in a step-
wise fashion to maximize the oxygen delivery from what lung tissue remains."  

End-stage Organ Disease - a disease that ultimately leads to functional organ failure. 
Examples: emphysema (lungs), cardiomyopathy (heart), and polycystic kidney disease 
(kidneys). 

Etiology - the cause or origin of a disease or disorder. 

Eupnea - normal respiration; implies normal tidal volume, with respiratory rate (adults) 
about 14-18 

Exacerbation - a period when a disease or medical condition becomes worse. 

Expiration - breathing out; exhaling  

Expiratory Reserve Volume (ERV) - maximal amount of air that can be expired 
starting at Functional Residual Capacity (FRC). 

Extracorporeal Membrane Oxygenator (ECMO) - a device that acts as an artificial 
lung, oxygenating the blood that passes through it from the patient's blood vessels. 

Exudate - the material composed of serum, fibrin and white blood cells in variable 
amounts that escapes from blood vessels into a superficial lesion 

 

F 
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Fibrosis - a condition marked by relative increase in formation of interstitial fibrous 
tissue in any organ or region of the body (scar tissue is fibrous) 

Flutter® - Brand name of a mucus clearing device 

Forced Expiratory Flow (FEF) - a flow rate measurement of how much air can be 
expired from the lungs 

Forced Expiratory Volume (FEV1) - the amount of air expelled the first second 
following maximal inspiration during the test for vital capacity  

Forced Vital Capacity (FVC) - Forced vital capacity is the maximum volume of gas that 
can be expired forcefully after a maximum inspiration.  

Functional Residual Capacity (FRC) - lung volume at the end of normal expiration. 

At FRC, the tendency of the lungs to collapse is exactly balanced by the 
tendency of the chest wall to expand. 

 
G 

Gastroesophageal Reflux Disease (GERD) - flow of stomach contents back up into the 
esophagus. 

Gunk - slang term for mucus.

H 

Heart Rate (HR)- pulse; number of times the heart beats in one minute 

Hypercapnia - an abnormally high carbon dioxide level in the blood (pCO2>45 mmHg) 

Symptoms: 
     increased respiratory rate 
     headache 
     confusion 
     nausea and/or vomiting 
     lethargy 

Hypertension - abnormally high blood pressure 

Hyperventilate - to breathe abnormally fast and deep, resulting in excessive amounts of 
oxygen in the lungs and reduced carbon dioxide levels in the blood 

Hypotension - abnormally low blood pressure 
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Symptoms: 
     lightheadedness 
     fainting 
     weak pulse 
     sweats 
     loss of circulation in the limbs 

Hypoxemia - deficient oxygenation of the blood (PaO2 <55 mmHg or Sa02 <85%)  
[Hazards of hypoxemia: How to protect your patient from low oxygen levels CME 
Module] 

Symptoms:  
     tachycardia is primary response 
     anxiety 
     agitation / mood changes  
     forgetfulness 
     inability to concentrate 
     altered levels of consciousness 
     pallor - skin may feel cool and clammy 
Cyanosis is a late sign of hypoxemia 

Hypoxia - deficiency of oxygen reaching tissues of the body  

I 

Idiopathic - of no known apparent cause or origin 

Idiopathic Pulmonary Fibrosis (IPF) - Term for interstitial lung disease of unknown 
origin.  Also called pulmonary fibrosis. 

Immotile Cilia Syndrome (ICS) - Immotile Cilia Syndrome occurs when cilia in the 
body are unable to move. See PCD for more. 

Immune System - a complex network of specialized cells and organs that protects the 
body against attack by "foreign invaders." When functioning properly it produces 
antibodies to fight off infections from bacteria, virus, fungi and other parasites. 

Inflammation - redness, warmth and swelling in tissue following infection or injury; the 
immune system's protective reaction to an irritant. Chronic inflammation usually involves 
formation of new connective tissue. In COPD it can lead to airway obstruction; with ILD 
this causes a reduction in lung capacity. 

Inhaler - the dispenser for metered-dose medications [Instructions for using an inhaler] 
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Inspiration - breathing in 

Inspiratory Capacity (IC) - the maximal volume that can be inspired after a normal 
(non forced) expiration 

Inspiratory Muscle Trainer (IMT) - a small device used to exercise and strengthen 
respiratory muscle endurance 

Inspiratory Reserve Volume (IRV) - additional volume that can be inspired with 
maximum effort after a normal inspiration. 

Interstitial - refers to tissue between alveoli of the lungs (called interstitium);  outside 
the vascular system interstitial refers to the space in the tissues between cells 

Interstitial Lung Disease (ILD) - term which includes more than 130 lung disorders 
characterized by fibrosing (scarring) in the lungs. A common link between various types 
of ILD is they all begin with an inflammation of known or unknown origin.  Also called 
Pulmonary Fibrosis.   

- Inflammation involving the bronchioles is called bronchiolitis 
- Inflammation involving the alveoli (air sacs) is called alveolitis 
- Inflammation involving the small blood vessels is called vasculitis. 
When the cause of ILD is unknown, it's called "idiopathic"   

- See pulmonary fibrosis for a partial list of terms which refer to interstitial 
lung disease

 

K 

Kartagener's Syndrome (KS) - a condition where the heart is located on the right side 
of the body in patients with Immotile Cilia Syndrome 

L 

LAM - See Lymphangioleiomyomatosis 

Lung - one of a pair of breathing organs located within the chest which remove carbon 
dioxide from and bring oxygen to the blood.   

Lung Transplant (TX or XP) - surgery to replace one or both diseased lungs with 
healthy ones from a human donor.   [transplant links] 

Lung Volume Reduction Surgery (LVRS) -  Reduction Pneumoplasty is performed on 
patients with emphysema and chronic obstructive pulmonary disease (COPD).  Varied 
surgical procedures allow the compressed lung to expand, thus establishing improved 
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respiratory function.  LVRS is also referred to as lung shaving, lung contouring, 
thoracoscopic bullectomy or simply lung reduction.   

Lymphangioleiomyomatosis (LAM) -  rare lung disease that affects only women; 
abnormal muscle cells  invade the lung and airways, as well as blood and lymph vessels, 
causing them to become obstructed. 

Lymphocytic Interstitial Pneumonia (LIP) - Lymphocytic interstitial pneumonia is a 
syndrome of fever, cough and dyspnea, with bibasilar pulmonary infiltrates consisting of 
dense interstitial accumulations of lymphocytes and plasma cells. 

M 

Magnetic Resonance Imaging (MRI) - a diagnostic technique which uses magnetic 
fields and radio waves to produce cross-sectional images of soft tissue without X-rays or 
other radiation.   

Maintenance - continuing on a long-term basis, as in "maintenance therapy" or "rehab 
maintenance"  

Metabolic Equivalent (MET) - the amount of oxygen required while sitting very quietly 
at rest (approximately 3.5 milliliters of oxygen per kilogram of body weight). 

Metered Dose Inhaler (MDI) - device which dispenses a specific amount of medication 
in aerosol or powdered form 

Mucus - slippery secretions that serve to moisten and protect the mucous membranes by 
special cells within the bronchial tree,  usually as a result of irritation, inflammation or 
infection of the airways.   (pretty synonymous with phlegm)

 

 

 

N 

Nasal Cannula (NC)  - a rubber or vinyl tube which extends around the user's face with 
curved prongs that fit into the nostrils for delivery of oxygen at low flow rates.  Also 
referred to as "nose hose" (slang) 

National Emphysema Treatment Trial (NETT) - a multicenter randomized trial 
comparing maximal medical therapy versus maximal medical therapy with LVRS in 
patients with moderate to severe emphysema to determine efficacy of this surgical 
procedure for the purpose of resuming Medicare reimbursement (which was halted in 
1996). 
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Nebulizer - an atomizer device that sprays liquid medication in aerosol form into the air 
a patient breathes 

Nose Hose - aka Nasal Cannula (NC) 

Nuclear Scan (also called Ventilation Perfusion (VQ) Scan) - test using small amounts 
of radioactive material to compare left and right lung functions (blood flow and gas 
exchange)  

O 

Obstructive Sleep Apnea (OSA) - a common respiratory sleep disorder characterized by 
snoring and episodes of breathing cessation that causes blood oxygen levels to fall below 
acceptable levels. 

Open Lung Biopsy (OLB) - a small piece of lung tissue is obtained for examination by 
surgical incision of the chest wall (thoracotomy) performed under general anesthesia by a 
Thoracic Surgeon. 

Organic Dust Toxic Syndrome (ODTS) - a febrile illness occurring after heavy organic 
dust exposure; symptoms resemble those of acute farmer's lung.  

Osteoporosis - weakening of bones by decrease in bone mass and mineral density, and 
enlargement of bone spaces producing fragility;  caused by disturbances of nutrition and 
mineral metabolism. [CME module on  Steroid-induced Osteoporosis ] 

Oximeter - a noninvasive device for measuring continuously the estimated degree of 
oxygen saturation of the circulating blood. The oximeter 'clips' to a finger, toe, nose or 
ear lobe and is painless to use. 

Oximetry - noninvasive measurement of the estimated level of arterial oxygenation in 
circulating blood; report usually includes baseline functional O2 saturation and heart rate, 
as well as lowest functional O2 saturation and heart rate during monitored activity (i.e. 
exercise, oxygen therapy) 

Oxygen (O2) - colorless, odorless gas essential for all life processes; the most important 
component of air.  See Hypoxemia for symptoms of insufficient oxygenation   

Oxygen Conserver - device designed to maintain adequate oxygenation with a reduction 
in flow rate. 

Oxygen debt - cumulative deficiency of oxygen that develops in the body during periods 
of intense activity and must be made good when the body activity returns to a normal 
level. In patients with severe pulmonary insufficiency,  climbing a step or two can be 
considered 'intense activity'  
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Oxygen Therapy - use of supplemental oxygen to assure the body receives an amount 
sufficient to provide for its needs. (SaO2 of 90 or greater)   

Oxygen Titration Test - see Oximetry 

P 

Pack Years - a  measure of cigarette smoking over someone's lifetime,   figured as the 
number of packs per day times the number of years a person has smoked. Ten pack-years 
could refer to a smoking history of two packs a day for five years, one pack/day for 10 
years, or half a pack a day for 20 years.  One "pack year" means 7300 cigarettes, or 1460 
cigars, or 7.3kg of pipe tobacco.  

Palliative - a therapy that relieves symptoms, such as pain, but does not alter the course 
of disease. Its primary purpose is to improve the quality of life (QOL).  

Peak Expiratory Flow Rate (PEFR) - the fastest speed a person can expel air from the 
lungs after taking in as big a breath as possible  

Peak Flow Meter (PFM) - small device used to measure a person's peak expiratory flow 
rate. 

Perfusion - passage of blood through the lungs 

Perfusion Scan - test to determine the status of blood flow to an organ.  

Phlegm - thick, gluey, stringy mucus secreted in the respiratory passages usually as a 
result of inflammation, irritation or infection of the airways, and discharged through the 
mouth.  (often synonymous with mucus, this word is no longer widely used) 

Pink Puffer - term describing the COPD or emphysematic patient whose symptoms are 
breathlessness, hyperinflation, mild hypoxemia and a low PCO2 .  Compare with Blue 
Bloater.  Term is rarely used anymore. 

Pleura - either of a pair of two-walled sacs of serous membrane that covers and protect 
the lung. 

Pleural Cavity - the space between the two layers of pleura; the chest cavity 

Pleural Space - the fluid-filled "space" between the two pleural walls (visceral and 
parietal pleura). 

Pleurisy - inflammation of the pleura with or without diffusion of an exudate into the 
pleural cavity 



 

 
 

126

Plethysmography or Body Box - an airtight chamber with clear doors where one sits to 
have lung volumes measured. Breathing is accomplished through a mouthpiece.   

Pneumothorax (PTX)- presence of air in the pleural cavity, caused by rupture of the 
plural membrane or by trauma through the chest wall; often referred to as a collapsed 
lung.  Compare to Spontaneous Pneumothorax     

Pneumonoultramicroscopicsilicovolcanoconios - a lung disease caused by the 
inhalation of very fine silicate or quartz dust and occurring especially in miners.   

This is the longest word in the English language.  To pronounce it split 
into parts.  Easy, no?  

pneu  mono  ultra   micro  scopic  silico  volcano  co  niosis 

Polycythemia - Too many red blood cells. The condition exists when the hemoglobin, 
red blood cell (RBC) count, and total RBC volume are all above normal. . 

Positive Airway Pressure (PAP) - Positive airway pressure adjuncts are used to 
mobilize secretions and treat conditions such as atelectasis, or to keep airways open and 
unobstructed in patients with sleep apnea.  They include continuous positive airway 
pressure (CPAP), positive expiratory pressure (PEP),  expiratory positive airway pressure 
(EPAP). and bilevel positive airway pressure (BiPAP) 

Positive End Expiratory Pressure (PEEP) - a method of mechanical ventilation in 
which pressure is maintained to increase the volume of gas remaining in the lung at the 
end of expiration, thus keeping alveoli open and improving gas exchange. 

Positive Pressure Ventilation (PPV) - process of forcing gases down a patient's trachea 
using either a manual control technique or using an automatic ventilator.  PPV can be 
done using a manual resuscitator or the rebreathing bag on the anesthesia machine; for 
long term use an automatic ventilator is usually prescribed. 

Post Nasal Discharge (PND) - the sensation of mucus accumulation in the throat or a 
feeling that mucus is dripping downward from the back of the nose into the throat. Also 
called Post Nasal Drip   

 

Primary Ciliary Dyskinesia (PCD) - condition where cilia in the body fail to beat 
effectively causing mucus to become trapped in various parts of the respiratory system.  

PCD, Immotile Cilia Syndrome (ICS) and Kartagener's Syndrome (KS) 
refer to the same condition, with the exception that in KS the heart is 
located on the right side of the body.    

Primary Immunodeficiency (PIDS) - Primary immune deficiency diseases are inherited 
disorders in which part of the body's immune system is missing or fails to function 
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properly.  Often presenting as 'common' infections or conditions (such as asthma or 
sinusitus),  PIDs can go undetected for many years resulting in permanent damage to 
organs, and even the patient's death.   

Ten warning signs of PIDS  
  - Eight of more new ear infections within one year,  
  - Two or more serious sinus infections within one year.  
  - Two or more months on antibiotics with little effect.  
  - Two or more pneumonias within one year.  
  - Failure of an infant to thrive (gain weight or normal growth).  
  - Recurrent deep skin or organ abscesses.  
  - Persistent thrush in mouth or elsewhere on skin, after age one.  
  - Need for intravenous antibiotics to clear infections.  
  - Two or more deep-seated infections such as osteomyelitis, cellulitis, or 
sepsis.  
  - A family history of primary immune deficiency.  

Primary Pulmonary Hypertension (PPH) - see Pulmonary Hypertension 

Productive Cough - a cough in which mucus or phlegm is dislodged, enabling a person 
to clear the lungs.  

Puffers - slang term for aerosol metered dose inhalers 

Pulmonary - pertaining to the lungs 

Pulmonary Alveolar Proteinosis (PAP) -a rare condition characterized by a disturbance 
in surfactant turnover which causes the alveoli to fill with eosinophilic, proteinaceous 
material closely resembling surfactant. Treatment consists of bronchoalveolar lavages.  

Pulmonary Artery (PA) - blood vessel that delivers oxygen-poor blood from the right 
ventricle to the lungs 

Pulmonary Edema (PE) - condition (usually acute, but sometimes chronic) that occurs 
when too much fluid accumulates in the lungs, blocking transport of oxygen into the 
blood. 

Pulmonary Embolism (PE) - the closure or narrowing of the pulmonary artery, or one 
of its branches, by an embolus. 

Pulmonary Fibrosis (PF) - condition characterized by deposition of scar tissue in the 
lung.    

Pulmonary Fibrosis by other names: 

Acute Interstitial Pneumonitis 
Chronic diffuse fibrosing 
Chronic diffuse sclerosing  
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Chronic interstitial pneumonia 
Cryptogenic fibrosing alveolitis 
Diffuse idiopathic interstitial fibrosis 
Diffuse idiopathic pulmonary fibrosis 
Diffuse infiltrative pulmonary disease  
Desquamative interstitial pneumonitis  
Fibrosing alveolitis 
Hamman-Rich Disease or Syndrome  
Honeycomb lung 
Honey lung 
Idiopathic fibrosing alveolitis 
Idiopathic interstitial fibrosis of lung syndrome 
Shrinking Lung  
Stiff Lung  
Usual interstitial pneumonitis (UIP) 

Pulmonary Function Tests (PFT) - set of tests to evaluate the mechanical properties of 
the lung by studying lung volumes and capacities  (term often used interchangeably with 
spirometry)  Quick Ref Evaluation of PFT's 

Related terms: 
TLC  - Total Lung Capacity - volume of lungs following maximum voluntary inspiration 
RV   -  Residual Volume - the amount of air left behind after a maximum expiratory 
effort 
VT    - Tidal Volume - volume of a normal inspiration or expiration during relaxed 
breathing 
FRC -  Functional Residual Capacity - volume of air remaining in the lung after a normal 
          expiration 
VC   -  Vital Capacity - the total lung capacity minus the residual volume 
FEF -  Forced Expiratory Flow 
FVC -  Forced Vital Capacity - maximum volume of gas an individual can exhale 
           with force after a maximum inspiratory effort 
FEV1- Forced Expiratory Volume in the first second after a maximal inspiratory 
          effort 
DLCO- Diffusing capacity of carbon monoxide 

Pulmonary Hypertension (PH) - occurs when blood pressure in the pulmonary artery is 
too high. Increased pressure within the lung causes the right ventricle of the heart to 
become enlarged and may result in shortness of breath, syncope (fainting), dizzy spells 
and heart failure. [PH Assn]  [PH Central]  [PPH Cure Foundation]  

PPH, or primary pulmonary hypertension, exists when its cause is 
unknown.  This condition is extremely rare. 

PH, pulmonary hypertension, occurs as a result of other medical 
conditions, including COPD.  PH is sometimes referred to as SPH 
(secondary PH) 
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Pulmonary Insufficiency (PI) - Chronic impairment of gas exchange due to clinically 
documented pulmonary disease . 

Pulmonary Rehabilitation (PR) - a personalized program which incorporates therapy, 
support and education in attempting to assist the patient achieve the maximum obtainable 
functional capacity allowed by his handicap. 

Pursed Lip Breathing (PLB) - technique used to slow breathing to maintain even lung 
pressure and control shortness of breath  

Q 

Quality of Life (QOL) - is defined as the 'physical, social and emotional aspects of a 
patient's well-being that are relevant and important to the individual'. 

R 

Rating of Perceived Exertion (RPE) - a self-assessment scale to rate breathlessness and 
fatigue during exercise. 

Reactive Airway Disease (RAD) - condition caused by reaction to a trigger (i.e. 
allergen, odor or hypersensitivity).  Asthma and Hypersensitivity Pneumonitis are 
examples of RAD. 

Rescue Medication - short-acting medication designed to relieve symptoms quickly 

Residual Volume (RV) - amount of air left behind after a maximum expiratory effort; 
lowest voluntary volume obtainable 

Respiration - Respiration has two meanings in physiology. Along with breathing, 
respiration includes all chemical processes that occur in the body converting oxygen and 
food to water, energy and carbon dioxide. 

Respiratory Distress Syndrome (RDS) - breathing complications experienced by 
newborns when immature lungs lack enough surfactant to keep air spaces open.  Also 
called hyaline membrane disease. 

Respiratory System - entire system of organs and tissues involved in breathing; these 
include the nose, throat, larynx, trachea, bronchi and lungs

 

 

S 

SaO2 - percent saturation of hemoglobin with oxygen in the arterial blood;   in the 
venous blood - SvO2  
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Shock Lung - clinical terminology for Adult Respiratory Distress Syndrome (ARDS) 

Signs  - objective findings discovered by a physician, i.e. heart murmur.  See symptoms 

Spacer - device designed to hold an aerosol metered-dose inhaler (MDI) for optimum 
delivery of the drug into the lungs; i.e. Aerochamber®   

Spirometer - an instrument for measuring volume of air entering and leaving the lungs  

Spirometry - best test available in primary care for early detection of many lung 
disorders, this procedure provides following key parameters     

Forced Vital Capacity (FVC) 
Forced Expiratory Volume in 1st second following maximal inspiration 
(FEV1) 
Forced Expiratory Ratio in 1st second (FEV1/FVC%) 

Spontaneous Pneumothorax (SP) - an inherited condition characterized by weak areas 
in the pleural lining of the lung. Small air-filled blisters, called blebs, may form which 
occasionally rupture causing air to leak from the lung into the chest cavity. Also called 
Blebs Disease.  

Sputum - mucus, phlegm or other substances coughed up from the respiratory tract 

Symptoms (SX) - subjective indications experienced by the patient, i.e. chest pain (see 
signs) 

T 

Tachycardia - relatively rapid heart rate 

Tachypnea - increased rate of respiration 

Thoracoscope - instrument used to directly visualize the pleura and lung surfaces; 
introduced into the thorax under general anesthesia, it facilitates the collection of tissue 
samples (see Open Lung Biopsy) 

Thorascopy (VATS) -  a minimally invasive "keyhole" surgical procedure which allows 
the surgeon to directly examine the chest cavity without a big incision.  Often referred to 
as VATS (Video Assisted Thoracic Surgery)  

Thoracotomy - surgical incision of the chest wall 

Tidal Volume (TV or  VT) -  volume of a normal inspiration or expiration during 
relaxed (normal) breathing  
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Total Lung Capacity (TLC) - volume of the lungs after a maximum voluntary 
inspiration 

Transplant (TX or XP)  - surgery to replace a diseased organ or organs with healthy 
ones from a human donor. 

Transtracheal oxygen (TTO2) -  delivery of oxygen by insertion of a thin catheter 
directly into the trachea.    

 

U 

Upper Respiratory Infection (URI) - affecting any, or a combination, of the five parts 
comprising the upper respiratory tract: nose, sinuses, pharynx, larynx, trachea 

Usual Interstitial Pneumonia (UIP) - a later stage of idiopathic pulmonary fibrosis 
(IPF), it is more patchy in appearance than DIP with marked interstitial infiltrate and 
thickening of alveolar wall

V 

Vanishing Lung Syndrome - a progressive disorder characterized by presence of large 
upper lobe bullae occupying at least one-third of the hemithorax, and compressing 
surrounding normal lung.  Also called "type 1 bullous disease" and "primary bullous 
disease of the lung.  

Ventilation - the movement of gas in and out of the lungs to facilitate blood oxygenation 
and carbon dioxide removal  

Ventilation Perfusion (VQ) Scan - a test that compares right and left lung function 
(blood flow and gas exchange)  through the use of a small amount of radioactive 
material.   

Ventilators - machines used in operating rooms (OR) and intensive care units (ICU) for 
respiratory support of patients who cannot breathe on their own. There are five main 
parameters: 

1. Tidal Volume (egg. 700 ml) [Volume of gas injected into trachea with 
each breath] 
2. Respiratory Rate (egg. 12 breaths/minute) 
3. FIO2 (Fraction of Inspired Oxygen) (egg. 0.6 or 60% oxygen) 
4. PEEP (Positive End Expiratory Pressure) (egg. 5 cm H2O)  
5. I:E ratio (egg. 1:3)  Time for inspiration in relation to time for 
expiration  
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Ventricle - one of the two pumping chambers of the heart; the right ventricle receives 
oxygen-poor blood from the right atrium and pumps it to the lungs through the aorta 

Video Assisted Thoracic Surgery (VATS) - Thorascoscopy is a minimally invasive 
'keyhole'  surgical procedure which allows the surgeon to directly examine the chest 
cavity without a big incision.] 

Virus - organism that causes a wide variety of infections, including colds and influenza.  
What the Heck is a Virus explains these unique entities. 

Vital Capacity (VC) - the maximum volume of air that can be exhaled following a 
complete lung inflation. The difference between Total Lung Capacity (TLC) and 
Residual Volume (RV). 

 
W 

Wheezing - the sound made by air moving through partially obstructed airways 

 

X-Ray - a form of electromagnetic radiation which can penetrate a body to produce in 
image on film. 

  
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 



 

 
 

133

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Post Test 
 

 
Select the best answer to each of the following items. Mark your responses on the 
Answer Form.  
  
26. Acute respiratory distress syndrome (ARDS) is sudden, life-threatening lung failure. 
ARDS inflames the _____, causing them to fill with liquid and collapse. 
 
a. lungs 
b. cor pulmonae 
c. alveoli 
d. All of the above 
 
   
27. According to the American Lung Association, the incidence of ARDS ranges from 
1.5 to 71 per _______ persons in the United States. 
 
a. 100 
b. 1,000 
c. 100,000 
d. 1,000,000 
 
   
 
28. ARDS is a syndrome, not a specific disease. 
 
a. True 
b. False 
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29. Early diagnosis requires a high index of suspicion aroused by the onset of dyspnea in 
settings that predispose to ARDS. A presumptive diagnosis can be made with _______. 
 
a. arterial blood gas analysis 
b. chest x-rays 
c. both a and b 
d. none of the above 
 
   
     
30. Intravascular volume is often depleted with the onset of ARDS, because sepsis is the 
underlying cause, because diuretic therapy was given before ARDS was suspected, or 
because initiation of PPV decreases venous return. 
 
a. True 
b. False 
 
31. Many approaches to the prevention and management of ARDS have been 
unsuccessful or inconclusive. Treatments that have not improved outcome or prevented 
ARDS include: 
 
a. monoclonal antibody to endotoxin 
b. monoclonal antibody to tumor necrosis factor 
c. prophylactic (early) PEEP 
d. All of the above 
 
   
32. The prone position can substantially improve oxygenation in some patients, probably 
because this position shifts perfusion and gas exchange to more normal, previously 
nondependent lung zones. 
 
a. True 
b. False 
 
 
   
33. Ketoconazole may help prevent ARDS by suppressing the formation and release of 
tumor necrosis factor from macrophages. 
 
a. True 
b. False 
 
  
  
34. Pressure-controlled mechanical ventilation may be successfully used, mainly for 
patients with severe ARDS. 
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a. True 
b. False 
 
   
 
  
35. During phases of disease, CT scanning reveals ground-glass opacities and 
heterogeneous consolidation distributed peripherally and mainly in the dependent 
portions of the lung, but it also can include patchy infiltrates with lung areas of normal 
appearance (preservation of normal lung regions in ARDS). 
 
a. late 
b. middle 
c. early 
d. None of the above  
 
 
   
36. A small pneumothorax can often be difficult to diagnose using chest radiographs 
alone, but CT scans can easily lead to its identification. Drainage of mild pneumothorax 
and pleural effusion can also be facilitated under CT scan guidance. 
 
a. True 
b. False 
 
 
37. Ventilatory strategies preventing alveolar overdistension and cyclic end-expiratory 
collapse in ARDS patients are rarely accepted.   
 
a. True 
b. False 
 
   
 

38. A number of observations suggest that the primary horizontal posture should be prone 
rather than the supine. When patients are prone:  

a. Functional residual capacity may be higher. 
b. The generally dorsal-to-ventral orientation of the major airways may allow more 
efficient drainage of secretions. 
c. Ventilator-induced lung injury may be reduced. 
d. All of the above 
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39. Increased blood urea nitrogen and creatinine levels are common in ARDS, which is 
consistent with acute renal impairment. 
 
a. True 
b. False 
   
 
 
 
40. The beneficial effects of prone ventilation on oxygenation have been observed in 
patients with ARDS and ALI resulting from numerous conditions (e.g., aspiration, 
pneumonia, sepsis, trauma, cardiac surgery). 
 
a. True 
b. False 
 
   
   
 

41. Facial edema is common in prone patients, as the loose connective tissue of the face 
moves to a relatively dependent position. The patient's friends and families should be 
warned about the appearance of a patient with gross facial edema and informed that the 
swelling will rapidly resolve when the patient is repositioned supine, leaving no 
permanent change.  

 
a. True 
b. False 
 
   
 
42. IF, however, prone ventilation reduces mortality by reducing ventilator-induced lung 
injury, it would follow that patients should be turned prone as soon as a diagnosis  of 
ARDS is established. 
 
a. True 
b. False 
 
 
43. According to a study cited in the course, the incidence of acute respiratory distress 
syndrome is underestimated when based on either diagnostic coding or physicians' notes 
without testing of the accuracy of coding. 
 
a. True 
b. False 
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4. The clinical manifestations are consistent, well-defined, are rarely variable and 
independent of the predisposing illness, the severity of lung injury, and the presence of 
nonpulmonary organ dysfunction. 
 
a. True 
b. False 
 
 
45. ARDS lies at the severe end of a spectrum of acute lung injury. ARDS/ALI affects 
about 150,000 persons in the United States each year.  ARDS-related care places 
tremendous burdens on health care resources and accounts for up to one third of ICU 
patient-days and _______ annually in US health care expenditures. 
 
a. $250 Million 
b. $900 Million 
c. $1.5 billion 
d. $5 billion 
 
   
46. The possibility of ARDS should be considered in any patient with acute hypoxemic 
respiratory failure and diffuse radiographic involvement; however, it is important to 
exclude other causes of acute respiratory failure that have similar presentations. 
 
a. True 
b. False 
 
 
47. Historically, the mortality rate for patients with ARDS has exceeded 50%. However, 
mortality appears to have declined recently--a trend that is likely related to improvements 
in ICU care. 
 
a. True 
b. False 
 
 
 
 
 
48. Despite advances in our understanding of the epidemiology and pathogenesis of 
ARDS, improvements in outcomes have been related to supportive care and prevention of 
ICU-related complications. 
 
a. True 
b. False 
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49. A facemask can deliver oxygen at a concentration of 40-60 percent. As the ARDS 
progresses over hours or days, the patient may need a higher level of oxygen than a face 
mask can give.  
 
a. True 
b. False 
 
 
   
50. The main concern in treating ARDS is getting enough oxygen into the blood until the 
lungs heal enough to work on their own again. 
 
a. True 
b. False 
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