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Intensive care units (ICUs) have contributed greatly to the 
survival of patients with trauma, shock states, and other 
life-threatening conditions1-3 but are associated with a 
greatly increased risk of nosocomial (hospital-acquired) 
infection. Rates of nosocomial infection in patients requir-
ing more than 1 week of advanced life support within an 
ICU are three to fi ve times higher than in hospitalized 
patients who do not require ICU care.4-8 Infection, usually 
nosocomial, is the most common cause of death, directly 
or indirectly, of patients who survive the early period 
after major trauma or full-thickness burns and is the most 
commonly identifi ed cause of multiple-organ dysfunc-
tion syndrome.9-11

Although most of this book focuses on the diagnosis 
and management of critically ill patients in the ICU, noso-
comial infections are clearly one of the most common and 
serious complications of ICU care and are usually a con-
sequence of invasive monitoring or life support therapies. 
Thus they are greatly preventable, and it is appropriate 
that measures to prevent nosocomial infections be 
addressed.

Much has been learned over the past decade about the 
epidemiology of nosocomial infection acquired in the 
ICU. Published guidelines for prevention are now avail-
able, based increasingly on randomized trials that have 
established the effi cacy of specifi c control measures. 
Knowledge and technology of asepsis with regard to 
surgery and high-risk medical devices are now suffi ciently 
advanced that, if applied consistently, the risk of nosoco-
mial infection can be greatly reduced.12-15

INCIDENCE AND PROFILE

Defi nitions
Obtaining meaningful data on rates of nosocomial infec-
tion that can form the basis for comparisons within a 
hospital and, especially, among hospitals and that can also 
be used to monitor secular trends and document the effi -
cacy or lack of effi cacy of control measures must begin 
with clear, unambiguous defi nitions. Although there are 
no standardized defi nitions for infection at specifi c sites 
that are universally accepted by clinicians or investigators, 
the Centers for Disease Control and Prevention (CDC) 
has published defi nitions for the purpose of surveillance 
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of nosocomial infection within hospitals, which most U.S. 
centers and an increasing number of hospitals around the 
world have adopted (Box 51-1).16 For research purposes, 
more stringent defi nitions for specifi c infections will usu-
ally be necessary,17 especially for pneumonia.18

Incidence
The incidence of hospital-acquired infection is most com-
monly expressed as the number of infections per 100 
patients hospitalized and is highest in burn units,7,19 surgi-
cal ICUs,5-7,19-22 and ICUs for low-birth-weight neonates 
(5% to 30%),4,23,24 with intermediate risk in medical 
ICUs 4,5,7,19,22,25 and pediatric ICUs 4 (5% to 7%) and lowest 
risk in coronary care units (1% to 2%) (Table 51-1).4,7,8,19

Recognizing that the risk of nosocomial infection within 
ICUs is heavily infl uenced by the length of stay and that the 
length of stay ranges widely among ICUs in the same hos-
pital and among different hospitals,26 the CDC has advo-
cated the use of rates expressed per 1000 patient-days to 
permit more meaningful intrainstitutional and, especially, 
interhospital comparisons.26,27 Furthermore, recognizing 
the powerful infl uence of exposure to invasive devices on 
susceptibility to infection28,29 and the great variation in use 
of devices among different ICUs in the same hospital and 
among different hospitals,26 the CDC has further recom-
mended surveillance of device-associated nosocomial infec-
tions expressed as infections per 1000 device-days.26,27 
Representative rates of device-associated nosocomial infec-
tion in U.S. hospitals that are members of the CDC’s National 
Nosocomial Infection Surveillance System (NNIS),30 which 
can be used for intrahospital and interhospital comparisons 
are shown in Table 51-2. In the future, device-associated 
infection rates will be sought in accreditation reviews by the 
Joint Commission on the Accreditation of Healthcare Orga-

nizations (JCAHO)31 as this infl uential organization contin-
ues to move toward measurement of patient outcomes as 
the most effective way to improve patient care in the United 
States.

Profi le and Secular Trends
Approximately 40% of endemic nosocomial infections 
within ICUs are catheter-related urinary tract infections, 
and 25% are pneumonias—most associated with endo-
tracheal intubation and mechanical ventilatory support. 
Up to 10% of patients hospitalized in a medical-surgical 
ICU for more than 72 hours acquire a nosocomial
bloodstream infection, most commonly from an intravas-
cular device.26,32,33 Postoperative surgical site infections 
and intra-abdominal infections; nosocomial bacteremias; 
and gastrointestinal infections, especially antibiotic-
associated Clostridium diffi cile colitis,34 account for the 
remainder.4-8,26

Nearly 50% of nosocomial infections in the ICU are 
caused by aerobic gram-negative bacilli, especially Pseu-
domonas aeruginosa, Enterobacter species, or Serratia 
marcescens; and 35% are caused by gram-positive cocci, 
most commonly coagulase-negative staphylococci or 
Staphylococcus aureus or, increasingly, resistant entero-
cocci (Fig. 51-1).35 Almost 15% are caused by Candida 
species,35 but fi lamentous fungi such as Aspergillus and 
Zygomycetes are being increasingly encountered in 
patients with hematologic malignancy or those who 
received solid organ transplants.36-38 Viruses such as 
respiratory syncytium virus (RSV)39 and rotaviruses40 
are important pathogens in pediatric ICUs. Legionella 
species now account for up to 10% of nosocomial pneu-
monias in centers that make efforts to diagnose Legionella 
infections.41

Table 51-1. Reported Rates of Nosocomial Infection in ICUs

 Rate (Per 100 Discharges) by Type of ICU

Authors Study Period Neonatal Pediatric Coronary Medical Surgical Burn

Hemming et al.599 1970-1974 24.3

Northey et al.20 1972-1973     27.3

Daschner et al.22 1976-1979     3.6 35.3

Caplan and Hoyt21 1977-1978     50.9

Goldmann et al.23,24 1977-1979  5.2
 1980-1981  0.9

Donowitz et al.25 1979-1980    18

Wenzel et al.19 1980-1982   2  7  8 64

Craven et al.5 1980-1983     3.5 61.6

Brown et al.4 1981-1983  5.9 6.2 1.8 11.2

Nystrom et al.6 1983-1984     26

Chandrasekar et al.7 1984-1985   6.6 13.9 35 29.8

Schandorf et al.8 1984-1985   4.6
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Box 51-1

Defi nitions for Nosocomial Infection of the Centers for Disease Control and Prevention

Primary Bloodstream Infection*
1. Recognized pathogen isolated from blood culture 

AND pathogen is not related to infection from another 
site (other than site of an intravascular device)

OR

2. One of the following: fever (>38° C), chills, or hypo-
tension AND any of the following:
a. Common skin contaminant isolated from two 

blood cultures drawn on separate occasions AND 
organism is not related to infection at another 
site

b. Common skin contaminant isolated from blood 
culture from patient with intravascular access 
device AND physician institutes appropriate anti-
microbial therapy AND organism is not related to 
infection at another site

c. Positive antigen test on blood AND organism is not 
related to infection at another site

OR

3. Patient ≤12 months of age has one of the following: 
fever (>38° C), hypothermia (<37° C), apnea, or bra-
dycardia AND one of the following:
a. Common skin contaminant isolated from two 

blood cultures drawn on separate occasions AND 
organism is not related to infection at another site 
(other than site of an intravascular device)

b. Common skin contaminant isolated from blood 
culture from patient with intravascular access 
device AND physician institutes appropriate anti-
microbial therapy AND organism is not related to 
infection at another site

c. Positive antigen test on blood AND pathogen is not 
related to infection at another site

Clinically Defi ned Pneumonia (PNU1)
1. For any patient, two or more serial chest radiographs 

with one or more of the following: new or progressive 
and persistent infi ltrate, consolidation, cavitation, 
AND at least one of the following:
■ Fever (>38° C or >100.4° F) with no other recog-

nized cause
■ Leukopenia (<4000WBC/mm3) or leukocytosis 

(12,000WBC/mm3)
■ For adults > 70 years old, altered mental status 

with no other recognized cause

AND at least two of the following:

■ New onset of purulent sputum or change in char-
acter of sputum, increased respiratory secretions, 
or increased suctioning requirements

■ New onset of worsening cough, dyspnea, or 
tachypnea

■ Rales or bronchial breath sounds

■ Worsening gas exchange (e.g., O2 desaturation [e.g., 
PaO2/FIO2 ≤ 240]), increased oxygen requirements, 
or increased ventilation demands

OR

2. For infant ≤ 1 year old, two or more serial chest radio-
graphs with one or more of the following: new or 
progressive and persistent infi ltrate, consolidation, 
cavitation, or pneumatocele AND worsening gas 
exchange (e.g., O2 desaturation [e.g., PaO2/FIO2 ≤ 240]), 
increased oxygen requirements, or increased ventila-
tion demands AND at least three of the following:
■ Temperature instability with no other recognized 

cause
■ Leukopenia (<4000WBC/mm3) or leukocytosis 

(≥ 12,000WBC/mm3) and left shift (≥ 10% band 
forms)

■ New onset of purulent sputum, change in character 
of sputum, increased respiratory secretions, or 
increased suctioning requirements

■ Apnea, tachypnea, nasal fl aring with retraction of 
chest wall, or grunting

■ New onset of worsening cough, dyspnea, or 
tachypnea

■ Wheezing, rales, or rhonchi
■ Cough
■ Bradycardia (<100 beats/min) or tachycardia (>170

beats/min)

OR

3. Alternate criteria for child >1 OR < 12 years old, two 
or more serial chest radiographs with one or more of 
the following: new or progressive and persistent infi l-
trate, consolidation, cavitation, AND at least three of 
the following:
■ Fever (>38° C or >100.4° F) with no other recog-

nized cause
■ Leukopenia (<4000WBC/mm3) or leukocytosis 

(≥ 12,000WBC/mm3)
■ New onset of purulent sputum, change in character 

of sputum, increased respiratory secretions, or 
increased suctioning requirements

■ New onset of worsening cough, dyspnea, or 
tachypnea

■ Rales or bronchial breath sounds
■ Worsening gas exchange (e.g., O2 desaturation [e.g., 

PaO2/FIO2 ≤ 240]), increased oxygen requirements, 
or increased ventilation demands

Laboratory-Defi ned Pneumonia (PNU2)
1. Two or more serial chest radiographs with one or 

more of the following: new or progressive and persis-
tent infi ltrate, consolidation or cavitation, AND at 
least one of the following:

Continued
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Box 51-1

Defi nitions for Nosocomial Infection of the Centers for Disease Control and Prevention—cont’d

■ Fever (>38° C or >100.4° F) with no other recog-
nized cause

■ Leukopenia (<4000WBC/mm3) or leukocytosis 
(≥ 12,000WBC/mm3)

■ For adults ≥ 70 years old, altered mental status with 
no other recognized cause

AND at least one of the following:

■ New onset of purulent sputum, change in character 
of sputum, increased respiratory secretions, or 
increased suctioning requirements

■ New onset of worsening cough, dyspnea, or 
tachypnea

■ Rales or bronchial breath sounds
■ Worsening gas exchange (e.g., O2 desaturation [e.g., 

PaO2/FIO2 ≤ 240]), increased oxygen requirements, 
or increased ventilation demands

AND at least one of the following:

■ Positive growth in blood culture not related to 
another source of infection

■ Positive growth in culture of pleural fl uid
■ Positive quantitative culture from minimally con-

taminated lower respiratory tract specimen (e.g., 
bronchoalveolar lavage or protected specimen 
brushing)

■ ≥ 5% bronchoalveolar lavage–obtained cells con-
tain intracellular bacteria on direct microscopic 
examination (e.g., Gram stain)

■ Histopathologic examination shows at least one of 
the following evidences of pneumonia:

Abscess formation or foci of consolidation with 
intense neutrophil accumulation in bronchi-
oles and alveoli

Positive quantitative culture of lung parenchyma
Evidence of lung parenchyma invasion by fungal 

hyphae or pseudohyphae

Asymptomatic Urinary Tract Infection
1. An indwelling urinary catheter is present within 7 

days before urine is cultured AND patient has no fever 
(>38° C), urgency, frequency, dysuria, or suprapubic 
tenderness AND has urine culture of ≥ 105 organ-

isms/mL urine with no more than two species or 
organisms

OR

2. No indwelling urinary catheter is present within 7 
days before the fi rst of two urine cultures with > 105

organisms/mL urine of the same organism with no 
more than two species of organisms AND patient has 
no fever (>38° C), urgency, frequency, dysuria, or 
suprapubic tenderness

Sinusitis
1. Organism isolated from culture of purulent material 

obtained from sinus cavity

OR

2. One of the following: fever (>38° C), pain or tenderness 
over the involved sinus, headache, purulent exudate, or 
nasal obstruction AND either of the following:
a. Positive transillumination
b. Radiographic evidence of infection

Gastroenteritis
1. Acute onset of diarrhea (liquid stools for >12 hours) 

with or without vomiting or fever (>38° C) AND no 
likely noninfectious cause (e.g., diagnostic tests, thera-
peutic regimen, acute exacerbation of a chronic condi-
tion, psychologic stress)

OR

2. Two of the following with no other recognized cause: 
nausea, vomiting, abdominal pain, or headache AND 
any of the following:
a. Enteric pathogen isolated from stool culture or 

rectal swab
b. Enteric pathogen detected by routine or electron 

microscopy examination
c. Enteric pathogen detected by antigen or antibody 

assay on feces or blood
d. Evidence of enteric pathogen detected by cyto-

pathic changes in tissue culture (toxin assay)
e. Diagnostic single antibody titer (IgM) or fourfold 

increase in paired serum samples (IgG) for pathogen

*All intravascular device-related bloodstream infections are classifi ed with primary bloodstream infections.
From Horan TC, Gaynes RP: Surveillance of nosocomial infections. In Mayhall CG (ed): Hospital Epidemiology and Infection 
Control, 3rd ed. Philadelphia, Lippincott Williams & Wilkins, 2004, pp 1659-1702.

The microbial profi le of infections at individual sites in 
ICU patients is shown in Table 51-3. There has been an 
unrelenting increase in nosocomial infections caused by 
intrinsically resistant organisms during the past decade, 
especially coagulase-negative staphylococci, S. aureus,
enterococci, P. aeruginosa and other resistant gram-
negative bacilli, and Candida.32,35,42,43 Moreover, the inci-
dence of infection caused by organisms with acquired

resistance, especially methicillin-resistant S. aureus
(MRSA); enterococci resistant to vancomycin (VRE), 
ampicillin, or both drugs; and gram-negative bacilli resis-
tant to extended-spectrum beta-lactams and fl uoroquino-
lones, has increased even more sharply (Fig. 51-2).44

Nosocomial infections acquired in the ICU clearly 
differ from infections acquired in non-ICU patient 
care units within the same institutions. Overall rates 
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because the intensive antimicrobial therapy characteristic 
of modern-day ICUs grossly distorts patients’ microfl ora. 
Moreover, more than half of all nosocomial epidemics 
now occur among the 10% of hospitalized patients con-
fi ned to an ICU.19,32 Finally, the risk of occupationally 

Table 51-2. Rates of Device-Related Nosocomial Infection in U.S. Hospital ICUs, Expressed per 1000 Device-Days*

 Rate (No. of Cases Per 1000 Device-Days)

Type of Infection Type of ICU Median 25th to 75th Percentile of Hospitals

Catheter-associated urinary tract infection PICUs 3.6 1.6-6.1
 MICUs 4.7 2.5-7.1
 SICUs 3.8 2.3-6.5

Ventilator-associated pneumonia PICUs 2.3 0.9-4.8
 MICUs 3.7 2.1-6.2
 SICUs 8.3 4.7-12.2

Central line–associated bloodstream infections PICUs 5.2 3.0-8.1
 MICUs 3.9 2.4-6.4
 SICUs 3.4 2.0-5.9

*From the nearly 300 hospitals in the Centers for Disease Control and Prevention’s National Nosocomial Infections Surveillance System (NNIS) study, 
1992-2004.
ICU, intensive care unit; MICU, medical ICU; PICU, pediatric ICU; SICU, surgical ICU.
From National Nosocomial Infections Surveillance (NNIS) System Report: Data Summary from January 1992 through June 2004, issued October 
2004. Am J Infect Control 2004;32:470-485.

Enterobacteriaceae
31%

Pseudomonas aeruginosa
15%

Escherichia coli
12%

Citrobacter species
1%

Proteus species
2%

Enterobacter species
7%

Serratia marcescens
2%

Coagulase-negative staphylococci
13%

Candida albicans
13%

Enterococci
12%

Staphylococcus aureus
11%

Other candida
3%

Acinetobacter species
2%

Klebsiella pneumoniae
7%

Figure 51-1. Microbiology of nosocomial infection in the intensive care unit (ICU). Based on 13,317 infections occurring in ICU 
patients in 97 participating U.S. hospitals in the Centers for Disease Control’s National Nosocomial Infections Surveillance 
System (NNIS), January 1992 through July 1997. (Data from Richards MJ, Edwards JR, Culver DH, Gaynes RP: Nosocomial 
infections in medical intensive care units in the United States. National Nosocomial Infections Surveillance System. Crit Care 
Med 1999;27:887-892.)
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Figure 51-2. Temporal trends in the proportion of isolates 
resistant to antibiotics among pathogenically important 
bacteria in U.S. intensive care units (ICUs), National 
Nosocomial Infections Surveillance System (NNIS) 1989-
2004. FQRPA, Pseudomonas aeruginosa resistant to 
fl uoroquinolones; MRSA, methicillin-resistant 
Staphylococcus aureus; 3CRKP, Klebsiella pneumoniae 
resistant to third-generation cephalosporins; VRE, 
vancomycin-resistant enterococcus. (From Centers for 
Disease Control and Prevention: Trends in antibiotic 
resistance in National Nosocomial Infections Surveillance 
(NNIS) system hospitals, 1989-2004. http://www.cdc.gov/
ncidod/dhqp/pdf/ar/ICU_RESTrend1995-2004.pdf Accessed 
January 15, 2007.)

are two to three times higher, and rates of ventilator-
associated pneumonia (VAP) and primary bacteremia—
most of which originate from intravascular devices—are 
10 times higher. A far greater proportion of ICU-acquired 
infections are caused by antibiotic-resistant bacteria 
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acquired infection among health care workers (HCWs), 
particularly by bloodborne viruses and herpes simplex 
virus (HSV), is highest among ICU personnel, as con-
trasted with those who work in non-ICU patient care units 
(see Protection of Health Care Workers in the Intensive 
Care Unit later).

MORBIDITY AND ECONOMIC IMPACT
Nosocomial infections have a considerable impact on 
morbidity and mortality and are estimated to affect more 

than 2 million patients in U.S. hospitals annually.45 Table 
51-4 summarizes major studies that have examined 
mortality, length of stay, and costs associated with the 
major nosocomial infections in U.S. hospitals.2-18 Nosoco-
mial infections have been ascribed by the National Insti-
tute of Medicine to be responsible for more than 80,000 
hospital deaths each year and in 1995 resulted in more 
than $5 billion in excess health care costs.45 Considering 
that nosocomial infections acquired by ICU patients 
account for nearly half of all infections in most hospitals, 
progress in reducing the incidence of infection acquired 
within ICUs could produce substantial economic 
benefi ts.

Table 51-3. Profi le of Nosocomial Infection in the ICU

Infection Major Pathogen Risk Factors

Urinary tract Pseudomonas aeruginosa Urinary catheter
 Klebsiella and Enterobacter spp. Monitoring of urine output
 Enterococci Other urologic manipulation or 
   bladder irrigations
 Staphylococcus epidermidis Renal transplantation
 Candida spp. Diabetes
  Female > male

Pneumonia P. aeruginosa Tracheostomy
 Klebsiella and Enterobacter spp. Endotracheal tube, reintubation
 Serratia marcescens Nasogastric tube
 Acinetobacter spp. Intracranial pressure monitoring
 Staphylococcus aureus Stress ulcer prophylaxis with H2 
   blocker or antacids
 Oral anaerobes Immunosuppression
 Immunosuppression Granulocytopenia

Postsurgical wound  Staphylococcus aureus Trauma, especially penetrating 
   abdominal injury
 Escherichia coli and other gram-negative bacilli Gastrointestinal or radical 
   gynecologic surgery
 Enterococci Prolonged operation
 Bacteroides fragilis and other bowel anaerobes Immunosuppressive therapy
  Granulocytopenia
  Hepatic transplantation
  Central venous catheter in place
   >5 days

Bacteremia from intravascular devices   
 Catheter related Coagulase-negative staphylococci Heavy colonization of insertion
   site skin
 S. aureus Femoral vein insertions
 Candida spp. Catheter guidewire exchanges

Contaminated infusate Enterobacter spp.
 S. marcescens
 Citrobacter spp.
 Pseudomonas cepacia or Xanthomonas 
  maltophilia

Antibiotic-associated diarrhea or colitis Clostridium diffi cile Prolonged antibiotic therapy, 
   especially with clindamycin or 
   broad-spectrum β-lactams
  Enteral tube feeding

Candidemia Candida spp. Broad-spectrum, prolonged 
   antimicrobial therapy
  Mucosal or urinary colonization
  Central venous catheter
  Hyperalimentation
  Renal failure

Modifi ed from Maki DG: Nosocomial infection. In Parrillo JE (ed): Current Therapy in Critical Care Medicine, 2nd ed. Philadelphia, BC Decker, 1991.
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PATHOGENESIS AND EPIDEMIOLOGY

Pathogenesis
The occurrence of nosocomial infection refl ects the con-
junction in space and time of a pathogenic microbe and 
a vulnerable patient, catalyzed by events associated with 
hospitalization and the patient’s care. Many patients 
admitted to an ICU are intrinsically more susceptible to 
infection because of underlying diseases or conditions 
associated with impaired immunity such as cancer, 
trauma,46 or advanced age47 or because of immunosup-
pression associated with malnutrition48 or therapy with 
corticosteroids,49 cancer chemotherapeutic agents,50 or 
other immunosuppressive drugs.51 Moreover, many drugs 
have indirect effects that increase susceptibility to infec-
tion, such as narcotics or sedatives that impair the capac-
ity to protect the airway, or antacids or H2-histamine 
receptor antagonists that neutralize gastric acidity, pro-
ducing gastric overgrowth by gram-negative bacilli,52 

increasing the risk of nosocomial pneumonia.53 Even 
transfusion therapy produces immunosuppression and 
increases the risk of nosocomial infection.54

Moreover, most nosocomial pathogens exhibit resistance 
to antibiotics (see Figs. 51-1 and 51-2),42,43,55-58 and many 
are also more virulent because of (1) their capacity to 
subsist or even multiply in aqueous reservoirs for prolonged 
periods (e.g., pseudomonads59 or Legionella pneumoph-
ila60); (2) the elaboration of endotoxins (e.g., all of the gram-
negative bacilli) or exotoxins (P. aeruginosa,61 C. diffi cile,62 
or S. aureus63); or (3) the production of adhesions64 or exo-
glycocalyx65 (e.g., coagulase-negative staphylococci), con-
ferring the capacity to adhere avidly and form biofi lms on 
biologic and prosthetic surfaces resistant to host defenses66 
and even antibiotics.67 Because most patients in ICUs 
receive broad-spectrum antibiotics, resistant nosocomial 
organisms have an enormous ecologic advantage and, in 
Darwinian fashion, predictably supplant the normal 
cutaneous, respiratory, and gastrointestinal fl ora.

Table 51-4. Estimated Extra Days, Extra Charges, and Deaths Associated with Nosocomial Infections in U.S. Hospitals as 
Reported in Recent Major Studies

  Average Extra Average Extra
  Days in  Charges or Excess Mortality
  Hospital or ICU  Costs per
Infection Description Per Infection Infection ($) Unadjusted Attributable

Postoperative Surgical Wound Infection

Kirkland et al, 1999600 CABG, vascular surgery,   6.5  3,089 NR  4.3%
 abdominal surgery, 
 orthopedic surgery

Whitehouse et al, 2002601 Orthopedic surgery 14 17,708 NR  0.0%

Hollenbeak et al, 2000602 Deep chest infection  20 20,012 NR 19.4%
 following CABG

McGarry et al, 2004603 All major surgical procedures;  13 53,625 NR 16.8%
 only S. aureus infections 
 included

Herwaldt et al, 2006604 All major surgical procedures NR  3,021 1.2%  0%

Ventilator-Associated Pneumonia

Fagon et al, 1993605 Medical and surgical patients 13 NR NR 27.1%

Heyland et al, 1999606 Medical and surgical patients  4.3 NR NR  5.8%

Bercault et al, 2001607 Medical and surgical patients  5 NR NR 27.4%

Rello et al, 2002608 Medical and surgical patients 11 40,000 NR  0%

Warren et al, 2003609 Medical and surgical patients 25 11,897 16% NR

Cocanour et al, 2005610 Trauma patients 15 57,158 NR  0%

Bloodstream Infection

Pittet et al, 1994264 Surgical ICU 24 40,000 NR 35%

Digiovine et al, 1999265 Adult ICU 10 34,508 NR  4%

Slonim et al, 2001611 Pediatric ICU 22 35,000 NR 13%

Warren et al, 2006612 Adults  7.5 11,971 23% NR

Catheter-Associated Urinary Tract Infection

Bryan et al, 1984469 Medical and surgical patients NR NR NR 12%

Tambyah et al, 2002472 Medical and surgical patients NR    589 NR NR
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In most cases, colonization is the fi rst step in the pro-
gression to nosocomial infection,68 especially if the patient 
is already vulnerable because of underlying disease, if the 
organism is more virulent or resistant to antibiotics, or if 
the patient has invasive medical devices that assist inva-
sion by colonizing organisms, bypassing or further impair-
ing host defenses.

Reservoirs and Transmission
The epidemiology of an infection consists of the reservoirs 
and mode or modes of transmission of the pathogen or 
pathogens and those factors associated with an increased 
(or decreased) risk of infection. Understanding the epide-
miology of an infection is essential to developing effective 
strategies for its prevention.

In the ICU the major reservoir of nosocomial organisms 
is the infected or colonized patient (Fig. 51-3).28 Whereas 
Streptococcus pneumoniae,69 Mycobacterium tuberculo-

sis,70-72 Legionella,41 Aspergillus and Zygomycetes,36-38 
measles,73 rubella,74 and infl uenza A75 are transmitted 
by the airborne route, the best evidence suggests that 
most aerobic bacteria—particularly S. aureus,76 entero-
cocci,29 and the enteric gram-negative bacilli77; many 
viruses such as hepatitis A, RSV,78 and rotaviruses79; C. 
diffi cile80; and even Candida81—are spread in the ICU 
on the hands of medical personnel, who themselves 
are not infected or even permanently colonized. Surgery 
and exposure to invasive devices of all types greatly 
amplify transmission, colonization, and susceptibility to 
infection.28,82

Outbreaks of S. aureus83 or group A streptococcal infec-
tion84 usually indicate a health care provider who is a 
carrier of the epidemic strain. Airborne spread of gram-
negative bacilli is probably rare unless unusual environ-
mental circumstances generate massively contaminated 
aerosols.85

NONCOLONIZED PATIENT

NOSOCOMIAL
COLONIZED PATIENT

NOSOCOMIAL COLONIZATION BY
ANTIBIOTIC-RESISTANT ORGANISMS

Antibiotic Exposure

NOSOCOMIAL INFECTION BY
ANTIBIOTIC-RESISTANT ORGANISMS

Contaminated
Hospital Environment
   Fluid-containing apparatus
   Instruments
   Medications, parenterals
   Food
   Air

Medical Personnel
   Colonized
   Infected
   Transient hand carriers

Exogenous Transmission
   Contact
   Air

CONTROL: Reservoirs
   Hand hygiene
   Decolonization of MRSA
   colonized patients
   Environmental decontamination
CONTROL: Transmission
   Hand hygiene
   Isolation of
   colonized patients

CONTROL: 
   Safer use of devices
   Surgical asepsis and prophylaxis
   New technology
   Restrictive use of anti-infectives

Patients’ Own
Community-Acquired 
Flora
   Cutaneous
   Respiratory
   Gastrointestinal
   Genitourinary

Pharyngeal aspiration
Surgical wounds
Invasive devices
   Urinary catheters, vascular cannulas
   Endotracheal tubes, endoscopes
   Wound drains
Immunosuppression

Endogenous Transmission
   (Autoinfection; by contact)

Figure 51-3. The epidemiology of nosocomial infection. Transmission occurs mainly by contact spread and, to a much lesser 
extent, the airborne route. Aspiration, surgical wounds, and exposure to invasive medical devices enormously amplify 
transmission, colonization, and susceptibility to infection. (From Maki DG: Control of colonization and transmission of 
pathogenic bacteria in the hospital. Ann Intern Med 1978;89[Suppl]:777-780.)
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Increasing evidence suggests that many nosocomial 
infections acquired in the ICU derive from resistant organ-
isms of enteric origin86-89 or present on skin86,87 or in the 
lower respiratory tract88 on admission to the ICU. This 
explains the failure of conventional infection control prac-
tices, based on the use of barriers, to prevent extrinsically 
acquired infection.90 Whereas food91 and even enteral 
feeding preparations92 are often heavily contaminated by 
microorganisms, studies have not conclusively linked such 
contamination to disease.

Nosocomial organisms originating from colonized or 
infected patients are readily perpetuated and spread in 
contaminated medical apparatus or devices28 such as 
urine-collection receptacles,93 respiratory therapy equip-
ment,94,95 transducers used for hemodynamic monitor-
ing,96 dialysis machines,97,98 and fi beroptic bronchoscopes 
and endoscopes.95,99-101 Given the implicit close proximity 
of vulnerable ICU patients and the HCWs who have 
repeated contact with them each day, it is almost predict-
able that the ICU is a milieu within the hospital uniquely 
conducive to the epidemic infection, especially infections 
caused by antibiotic-resistant pathogens.

Although successful immune enhancement could in 
theory create a protective fi nal barrier against infection 
by nosocomial organisms, the unique features of noso-
comial infection—enormous microbial heterogeneity, 
pervasive effects of invasive devices and procedures, 
and often large infecting inocula—can overwhelm the 
healthiest patient’s immune defenses. Measures to eradi-
cate reservoirs of nosocomial pathogens and to block 
transmission, based on a thorough understanding of epi-
demiology, seem much more likely to be protective at 
present.

Risk Factors
Risk factor analysis using powerful statistical techniques 
of multivariable analysis can identify the circumstances 
that put a patient at increased risk for nosocomial infec-
tion and further guide the development of preventive 
strategies. Risk factors based on prospectively collected 
data and, in most cases, the use of multivariable analysis 
are listed in Table 51-3 for urinary tract infection,102,103 
pneumonia,104,105 postoperative surgical infection,106 
intravascular device-related bloodstream infection,107 
ventriculostomy-associated meningitis,108 antibiotic-
associated colitis,34,109 and deep Candida infection.110-112

Critical care medicine is synonymous with cutting-edge, 
high-tech medicine; mechanical ventilatory support; hemo-
dynamic monitoring; total parenteral nutrition; hemodi-
alysis; intracranial pressure monitoring; innovative forms 
of surgery; and a huge arsenal of drugs, especially anti-
infectives of every genre. This technology, more than any-
thing else, has forced critical care medicine to accept the 
necessity for nosocomial infection control. In general, 
invasive devices of all types are far more important in 
determining susceptibility to nosocomial infection than 
underlying diseases (see Tables 51-3 and 51-5). However, 
this should be viewed as welcome news: There is far more 
hope for reducing nosocomial infections in the coming 
decade by innovative improvements in aseptic technique 

and advances in the technology of invasive devices than 
by breakthroughs that will reverse the ravages of chronic 
organ failure or degenerative diseases such as type 1 dia-
betes mellitus.

GENERAL CONTROL MEASURES

Hospital Infection Control Programs
Beginning in the late 1960s, scattered U.S. hospitals began 
to establish infection control programs to conduct surveil-
lance, to develop infection control policies, and especially 
to try to implement control measures more consistently.113 
In 1976 JCAHO added to its requirements for hospital 
accreditation the establishment of a formal infection 
control program.

In the early 1970s the CDC undertook determining the 
effectiveness of nosocomial infection surveillance and 
control programs in the United States through the aus-
pices of the Study of the Effi cacy of Nosocomial Infection 
Control (SENIC). The goals of SENIC were to determine 
the extent to which infection control programs had been 
adopted by U.S. hospitals and to ascertain how much 
these programs had reduced rates of nosocomial infection. 
SENIC was launched by a survey of all U.S. hospitals to 
determine the characteristics of infection control pro-
grams and was completed in 1975-1976 by a review of 
more than 339,000 patient medical records in 338 ran-
domly selected hospitals.114

The SENIC found that hospitals reduced their nosoco-
mial infection rates by approximately 32% if their surveil-

Table 51-5. Signifi cant Risk Factors for Nosocomial 
Infection in the ICU as Determined by Multivariate 
Analysis of Prospectively Collected Databases

  Approximate
Type of ICU  Magnitude of
(Investigators) Risk Factors Increased Risk*

Pediatric ICU23,613 Patent ductus arteriosus 28.2
 Low birth weight —†

 Endotracheal tube  7
 Hyperalimentation  5.9
 Surgery —
 High fraction inspired —
  oxygen 
 Umbilical catheter —
 Blood product therapy —
 Central venous catheter —
 Mechanical ventilatory —
  support

Adult medical  Urinary catheter   3.2
 and surgical  >10 days
 ICUs5 ICU confi nement   2.5
  >3 days
 Intracranial pressure   2.5
  monitor
 Arterial line  1.5
 Shock  2.5

*Relative risk or odds ratio: values >1 denote signifi cantly increased risk 
of infection, and ratios <1, decreased risk, vis-à-vis a protective effect.
†Not reported or indeterminant (e.g., zero denominator).
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lance and infection control program included four 
components: (1) emphasis on both surveillance and an 
infection control program, (2) at least one full-time infec-
tion control practitioner for every 250 beds, (3) a trained 
hospital epidemiologist, and (4) surveillance of surgical 
wound infections with feedback of wound infection rates 
to practicing surgeons.115 However, the relative impor-
tance of each component varied for the four major types 
of nosocomial infections (surgical wound infections, 
urinary tract infections, bloodstream infections, and pneu-
monia).115,116 SENIC suggests that nearly one third 
of all nosocomial infections are in theory preventable, 
whereas a 1983 survey of surveillance and control 
programs in a random sample of U.S. hospitals found that 
failure to implement all essentials of the program, 
particularly to have an adequate number of infection 
control practitioners or a trained hospital epidemiologist 
or to disseminate wound infection rates to surgeons, was 
greatly limiting the potential for prevention: U.S. hospi-
tals were estimated to be preventing only 9% of all 
infections.117

It is hoped that surveillance and control programs will 
continue to evolve. Prevention of nosocomial infections 
is a major priority of the U.S. Public Health Service,118 
JCAHO,31 and the Institute of Medicine.119 With the shift 
to prospective-payment reimbursement, hospitals now 
have a powerful fi nancial incentive to reduce their rates 
of nosocomial infection,120 and it can be anticipated that 
efforts to prevent hospital-acquired infections will assume 
ever greater importance.

JCAHO now mandates that all hospitals have an active 
program for surveillance, prevention, and control of 
hospital-acquired infections, which begins with an institu-
tional infection control committee with representation 
from the major clinical services and hospital departments 
including the institution’s ICUs. The most essential mem-
bers of the infection control program are the infection 
control practitioner(s), usually registered nurse(s), and the 
hospital epidemiologist, usually a physician with training 
in infectious diseases or microbiology, who implement the 
policies developed by the committee, educate hospital 
personnel about nosocomial infection control, and inves-
tigate suspected outbreaks (Box 51-2).

Surveillance of nosocomial infections is the cornerstone 
of an effective infection control program and offers numer-
ous potential benefi ts116,121: (1) It permits determination 
of baseline (expected) infection rates, assisting recogni-
tion of outbreaks and evaluation of new policies and 
control measures; (2) it identifi es institutional problems 
that require attention, permitting focused infection control 
efforts and education; (3) it provides reliable data that can 
be disseminated to individual departments, increasing 
awareness and involvement of individual staff members; 
(4) it increases the visibility of the infection control staff 
on patient care units, providing an opportunity for con-
sultation and ad hoc education; and (5) it facilitates the 
earliest discovery of patients with communicable infec-
tions, permitting timely institution of isolation precau-
tions to limit spread. Because total surveillance (of all 
infections) is labor intensive, most hospitals now focus 

their surveillance efforts on infections that are associated 
with high morbidity (e.g., nosocomial pneumonia), that 
greatly increase health care costs (e.g., postcardiac surgery 
sternotomy infections), that are caused by antibiotic-
resistant organisms with potential for spread (e.g., MRSA, 

Box 51-2

Facets of a Hospital Infection Control Program

■ Active infection control committee, with representa-
tion from major departments and services including 
the intensive care units (ICUs)

■ Surveillance of nosocomial infections, especially in 
each ICU

■ Comprehensive and regularly updated institutional 
policies and procedures for prevention of nosoco-
mial infection:
■ Surveillance of nosocomial infections
■ Isolation and universal precautions
■ Sterilization and disinfection
■ Indications for and management of invasive pro-

cedures and devices
■ All types of intravascular catheters
■ Hemodynamic monitoring
■ Tracheostomy and endotracheal intubation
■ Mechanical ventilation and other respiratory 

therapy
■ Bronchoscopy and gastrointestinal endoscopy
■ Anesthesia and the operating room
■ Hemodialysis
■ Intra-aortic balloon pumps
■ Cardiopulmonary bypass
■ Intracranial pressure monitoring

■ Antimicrobial stewardship program
■ Guideline for investigation of an epidemic
■ Strong liaison with clinical microbiology laboratory

■ Representation on the Infection Control 
Committee

■ Laboratory-based surveillance
■ Monitoring and reporting of trends in antimicro-

bial susceptibility
■ Retaining important isolates
■ Microbiologic support of all infection control 

activities
■ Subtyping of isolates for investigations or 

studies
■ Educational programs for new employees, periodic 

updates dealing with nosocomial infection control
■ Active employee health department:

■ Free immunizations (hepatitis B, measles, mumps, 
rubella, varicella, pertussis, infl uenza A)

■ Tuberculin screening
■ Postexposure protocols

■ Quality assurance review of implementation of 
infection control policies and practices

Modifi ed from Maki DG: Nosocomial infection. In Parrillo JE 
(ed): Current Therapy in Critical Care Medicine, 2nd ed. 
Philadelphia, BC Decker, 1991.
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C. diffi cile), or that are highly preventable (e.g., intravas-
cular device-related bloodstream infections).116,122

The 1990s were characterized by major efforts by hos-
pitals to apply to the numerous facets of health care 
principles of quality improvement developed by industry. 
Hospital infection control programs have been working 
on quality improvement for 20 years123 but, infl uenced by 
JCAHO, were probably too heavily focused on process, 
namely, policies and procedures, rather than document-
ing outcome vis-à-vis reduced infection rates. Infection 
control programs in most U.S. hospitals are now closely 
allied with their institutional quality improvement 
departments.123,124

Hospital infection control programs are also regulated 
by the Occupational Safety and Health Administration 
(OSHA) in terms of institutional standards and programs 
to protect HCWs from bloodborne pathogens125 and 
tuberculosis126; the Environmental Protection Agency127 
has also published regulations in terms of disposal and 
tracking of medical waste—only a small fraction of which 
is truly biohazardous.128

Finally, it is essential that all health care personnel 
working in an ICU receive training in the epidemiology 
and control of nosocomial infections. This may be most 
important for house offi cers in teaching hospitals, who 
commonly enter the ICU with only the most rudimentary 
knowledge of asepsis but have hands-on contact with 
numerous patients each day. ICU physicians and nurses 
must be especially familiar with their hospitals’ guidelines 
for the management of invasive devices, particularly intra-
vascular catheters of all types,129 urinary catheters,130 
endotracheal tubes,131 and tracheostomies.131 Moreover, 
all physicians need to be made aware that broad-spectrum 
antimicrobial therapy greatly increases the risks of super-
infection by antibiotic-resistant bacteria and Candida, as 
well as antibiotic-associated colitis caused by C. diffi cile.

Role of the Microbiology Laboratory
Accurate and timely diagnostic microbiology is as essen-
tial for nosocomial infection control as it is for the clinical 
management of patients’ infections. Although many infec-
tions can be diagnosed on the basis of clinical criteria 
alone, cultures and other laboratory tests allow infections 
to be diagnosed with much greater certainty, and certain 
infections such as bacteriuria, bacteremia, and fungal and 
viral infections cannot be diagnosed without cultures or 
other laboratory tests (see Box 51-1).16 Moreover, accu-
rate antimicrobial susceptibility testing of clinical isolates 
is the only means of monitoring trends in antibiotic resis-
tance of hospital organisms.132,133 Most importantly, iden-
tifying the microbial cause of nosocomial infections allows 
epidemiologic tracking of individual pathogens within the 
hospital, especially those that are commonly spread from 
patient to patient such as S. aureus, beta-hemolytic strep-
tococci, enterococci, and the numerous gram-negative 
bacilli.

From an organizational standpoint, the institutional 
infection control program and clinical microbiology labo-
ratory must have a close working relationship (see Box 
51-2) to assist surveillance, which must be strongly labora-

tory based,116,134 and to permit the detection and resolu-
tion of potential problems. The laboratory director or a 
senior member of the laboratory staff should be a perma-
nent member of the infection control committee.

The primary role of the clinical microbiology laboratory 
in any infection control program is to provide up-to-date 
clinical microbiologic data for use in the surveillance of 
nosocomial infections and identifi cation of potential out-
breaks.134 Protocols should be developed to ensure that 
laboratory staff immediately contact infection control per-
sonnel after the isolation of certain important pathogens 
such as MRSA or vancomycin-resistant enterococci (VRE) 
or the appearance of new resistance patterns in endemic 
organisms such as resistance of Klebsiella species to third-
generation cephalosporins or P. aeruginosa to amino-
glycosides, fl uoroquinolones, and carbapenems. Sifting 
through these data can be time consuming, and develop-
ing electronic information systems that streamline this 
process is essential to improving the effi ciency of the 
infection control program. Commercial software programs 
that can automate this process are now available. Many 
of these programs automatically collate microbiologic 
data, provide rudimentary geographic information, and 
perform basic statistical analyses that can assist in the 
surveillance of nosocomial infections and identifi cation of 
potential outbreaks.135,136

Reporting cumulative summaries of antimicrobial sus-
ceptibility data (antibiograms) is another essential respon-
sibility of the clinical microbiology laboratory.137,138 When 
implemented appropriately, the timely dissemination of 
antibiograms helps guide the choice of empiric anti-
microbials, pending the results of clinical cultures, and 
provides valuable data to help the infection control 
department monitor institutional antimicrobial resistance 
trends and identify potential outbreaks.139 The Clinical 
and Laboratory Standards Institute—formerly the National 
Committee for Clinical Laboratory Standards—recom-
mends that institutional antibiograms be updated at least 
annually and has recently published standards for their 
content and format.140 Automated electronic systems 
for collating and disseminating nearly real-time antibio-
grams along with antibiotic-use decision support exist 
and, when implemented properly, have been effective in 
improving antimicrobial utilization within the hospital 
setting.141,142

Monitoring of sterilizers with spore tests, environmen-
tal sampling, and advanced microbiologic support for epi-
demiologic investigations are additional responsibilities 
expected of most clinical microbiology laboratories, 
although some university hospital programs have dedi-
cated personnel within their infection control programs 
who perform these activities.134

The clinical microbiology laboratory is a key resource 
in the investigation of a suspected outbreak. One of the 
fi rst and foremost actions when a nosocomial outbreak is 
suspected is to immediately retrieve all available isolates 
of the putative epidemic pathogen for possible subtyp-
ing.143 The need to move rapidly becomes apparent when 
it is realized that most hospital laboratories discard cul-
tures as soon as the isolates have been fully characterized. 
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All blood isolates should be routinely saved for at least 
1 year.143 Laboratory personnel must be requested to save 
clinical isolates of any unusual organisms that are encoun-
tered for the fi rst time or clusters of any organism and to 
inform infection control personnel of the fi ndings and 
availability of the isolates.

The rapid evolution of molecular microbiology has 
revolutionized epidemiologic investigation of nosocomial 
outbreaks. Molecular-based tests for the rapid diagnosis 
of bacterial,144 viral,75,145 and fungal146 infections are now 
routinely available in most hospital-based and reference 
laboratories. Modern molecular tests can reliably detect 
minute numbers of organisms, allowing direct testing of 
clinical samples without the need for culture. In modern-
day clinical virology, molecular tests based on polymerase 
chain reaction (PCR) for amplifi cation of the pathogen’s 
DNA or RNA have supplanted tissue cultures and now 
allow rapid diagnosis of infections that would otherwise 
often not be identifi able by classic methods.

The availability of molecular subtyping systems has 
greatly strengthened investigations of outbreaks, as well 
as research on the epidemiology of nosocomial infec-
tions.147,148 The antimicrobial susceptibility pattern (anti-
biogram) or the detailed biochemical profi le (biotype) is 
often useful for the initial epidemiologic subtyping of 
many bacteria and may be adequate for identifying an 
epidemic caused by an unusual pathogen. However, if an 
epidemic organism is a common species such as S. aureus, 
it can be diffi cult or even impossible to know with cer-
tainty that an outbreak derives from a common source 
using these techniques because they lack suffi cient dis-
criminatory power.147

The new molecular techniques of subtyping such as 
plasmid profi le typing by agarose gel electrophoresis or 
the use of restriction endonuclease digests with pulsed-
fi eld electrophoresis (Fig. 51-4) (DNA fi ngerprinting)147 
are now available in most infection control research labo-
ratories but should be adaptable by many hospital labo-
ratories. Genetic probes promise even more powerful 
tools for investigating outbreaks, particularly those caused 
by antibiotic-resistant organisms.144

Although molecular-based tests offer several advan-
tages over traditional microbiologic techniques, they are 
not a panacea. A number of molecular diagnostic assays 
(e.g., analyte specifi c reagents [ASRs]) marketed for clini-
cal practice do not require approval by the U.S. Food and 
Drug Administration.144 In the absence of published data 
on their accuracy and precision, the results of these tests 
must be interpreted with caution and should always 
undergo extensive in-house validation before widespread 
adoption. Moreover, the exquisite sensitivity of many of 
these tests renders them more susceptible to false-positive 
results as a consequence of environmental contamina-
tion149,150 and mandates stringent quality control practices 
and procedures.

Architectural and Environmental Issues
The role of the inanimate environment on the transmis-
sion of nosocomial infections has been a subject of intense 
debate for decades. It has been shown that hospital sur-

faces are almost universally contaminated by potentially 
pathogenic bacteria such S. aureus,151 enterococcus,152 
and gram-negative bacilli such as Acinetobacter bauma-
nii.153 Prior to the 1970s, infection control personnel rou-
tinely sampled hospital surfaces. Despite this level of 
surface colonization, early studies found that the inani-
mate environment—surfaces, walls, and even air—does 
not contribute materially to the occurrence of most noso-
comial infections,154 other than invasive infections caused 
by airborne Aspergillus and other fi lamentous fungi in 
seriously immunocompromised patients.36,37

Although inanimate surfaces may rarely be involved in 
the direct transmission of infection to patients, more 
recent evidence suggests that surfaces may well play an 
important role in the nosocomial acquisition of patho-

Figure 51-4. Pulse-fi eld electrophoresis patterns of 
chromosomal DNA of type 10 Pseudomonas aeruginosa. 
Isolates subjected to Dra1 endonuclease digestion from 
machines or endoscopes and from patients in three centers 
using an Olympus automated Endoscope Washer. Lanes 1 and 
2, from the University of Wisconsin Hospital and Clinics, 
3 and 4 from Center B, and 5 and 6 from Center C also 
show concordance between each institution’s machine or 
endoscope isolate and patient isolate. Lanes 7 and 8 contain 
unrelated (control) strains of P. aeruginosa. The use of 
molecular subtyping strongly supported the epidemiologic 
studies, causally implicating contaminated endoscope washers 
in the genesis of endoscopy-associated nosocomial 
P. aeruginosa infections in U.S. centers using the fl awed 
washer. (From Alvarado CJ, Stolz SM, Maki DG: Nosocomial 
infections from contaminated endoscopes: A fl awed 
automated endoscope washer. An investigation using 
molecular epidemiology. Am J Med 1991;91:272S-280S.)
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genic bacteria, indirectly, through contact with HCWs’ 
hands and equipment (see Fig. 51-3). This indirect route 
of infection is of particular importance in the ICU, where 
all patients are heavily exposed to invasive devices and 
have a high risk of infection. In the ICU the inanimate 
environment may become a reservoir for the transmission 
of resistant nosocomial organisms such as MRSA,155,156 
C. diffi cile,80,157 VRE152,158 and gram-negative bacilli such 
as Klebsiella spp., Acinetobacter spp., and Enterobacter 
organisms.159,160 Studies have shown that enhanced surface 
decontamination with hypochlorite-containing cleaning 
solutions has been necessary to terminate outbreaks 
caused by C. diffi cile161 and Acinetobacter baumanii.153

Although the ICU environment cannot be made microbe 
free, certain organizational, architectural, and environ-
mental issues must be addressed with the design or 
remodeling of an ICU. The capacity to systematically 
improve the care of critically ill patients and prevent 
nosocomial infection requires a structural foundation on 
which the processes of care can be optimized (i.e., make 
it easy for HCWs to do it right and diffi cult to do it 
wrong). Accountability for compliance with critical poli-
cies and procedures and ongoing assessment of outcomes 
needs to be built into the administrative structure of 
the ICU.

An ICU must be adequately staffed to allow the proc-
esses of care to be carried out but also assure a high level 
of compliance with essential infection control measures 
such as hand hygiene and barrier isolation. Adequate 
staffi ng cannot be overemphasized; numerous studies 
have found greatly increased rates of nosocomial infection 
when ICUs are staffed suboptimally or when staffi ng 
requirements are met with temporary personnel who are 
unfamiliar with ICU infection control policies and proce-
dures.162,163 In a large nosocomial outbreak of Enterobac-
ter cloacae infection in a neonatal ICU, Harbarth and 
colleagues164 found that infection rates during periods of 
understaffi ng were strikingly higher than during periods 
with adequate levels of staffi ng (RR = 6, 95% CI = 2.2 to 
16.4). The effects of understaffi ng are likely multiple; 
however, erosion of basic hygienic practices with exces-
sive patient-to-staff ratios likely explains much of this 
phenomenon.165

Many of the published recommendations for ICU archi-
tectural design166 are empiric, and evidence that they 
reduce rates of nosocomial infection is, by and large, 
lacking. Although more research is necessary before spe-
cifi c features of ICU design achieve a level of evidence 
suffi cient for an evidence-based guideline, certain facets 
of the ICU layout deserve attention:

■ ICUs should be located in areas that limit traffi c fl ow 
to essential ICU personnel.

■ ICU facilities should be designed with ICU profession-
als in mind, ensuring appropriate space, resources, and 
environment for day-to-day operations.166 Recognizing 
the growing variety and complexity of life support 
equipment required for the care of many patients, each 
cubicle or room should provide a minimum of 11  m2 
per bed.167 The area should be large enough to accom-

modate the bed and all equipment yet allow immediate 
access to the patient at all times from both sides of the 
bed. Adequate space must also be provided for storage 
of nursing supplies. Facilities for disposal of biohazard-
ous waste (e.g., bedpan fl ushers); for cleaning, reproc-
essing, and storage of ICU equipment; and for storage 
of housekeeping supplies should be separate from 
patient care areas. Single-patient rooms may increase 
the likelihood of handwashing being done and improve 
compliance with isolation practices, reducing the risk 
of cross-infection. For example, Mulin and colleagues168 
found that converting from an open unit to single 
rooms in their ICU greatly reduced rates of patient 
colonization with A. baumanii, and Shirani and col-
leagues169 found that renovation of their burn unit to 
include separate bed enclosures reduced rates of noso-
comial infection by 48%.169

■ Materials used for fi xtures, furniture, and other 
surfaces should be smooth and easy to clean; sur-
faces made of porous materials foster bacterial 
colonization.170

■ An adequate number of sinks must be available for 
convenient handwashing by ICU personnel. Ideally, a 
sink should be located at the entrance of each cubicle 
or patient room to encourage handwashing by all 
entering personnel who will have contact with the 
patient or the immediate environment.171,172 Separate 
sinks should be used for cleaning and reprocessing 
contaminated equipment. Sinks and sink drains are 
normally contaminated by pseudomonads,173 although 
their role in the epidemiology of nosocomial infection 
is as yet unclear. However, sinks should be designed to 
minimize aerosol formation and splashback.

■ All ICUs should be equipped with one or more class 
A isolation rooms,200 which include an anteroom for 
gowning and handwashing and the necessary modifi ca-
tions (negative pressure, roofl ine exhaust) to permit it 
to be used for patients with tuberculosis or other air-
borne infections such as chickenpox, measles, dissemi-
nated HSV infection or a highly contagious emerging 
pathogen such as the severe acute respiratory syn-
drome (SARS) human coronavirus. If an ICU treats 
bone marrow transplant patients or other patients with 
prolonged severe granulocytopenia, positive-pressure 
isolation rooms using high-effi ciency particle-arrest 
(HEPA) fi lters should be available. Isolation rooms for 
patients with infections transmitted by the respiratory 
route or to protect profoundly granulocytopenic 
patients must be kept closed to maintain control over 
the direction of airfl ow.

■ A centralized, fi ltered air-handling system that pro-
vides at least six room-exchanges per hour is essen-
tial.167,174 Ideally, each patient’s room should have the 
capacity of being set at positive or negative pressure 
with respect to the rest of the unit; if it cannot be, the 
room should be maintained permanently at positive 
pressure.

A variety of microorganisms including bacteria, myco-
bacteria, fungi, and parasites can be isolated from hospital 
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water and have been implicated in endemic and epidemic 
nosocomial infections.175 Many of these outbreaks were 
caused by bacteria typically thought of as “water” organ-
isms such as P. aeruginosa,173 Stenotrophomonas malto-
philia,176 and A. baumanii153,177,178; however, the most 
important and epidemiologically linked hospital water 
pathogen is the Legionella group.179

Nosocomial legionellosis was fi rst described in 1979,180 
and it is estimated that up to 50% of cases of legionellosis 
are acquired in the health care setting,181 with a mortality 
rate that approaches 30%.182 Contamination of hospital 
potable water remains underappreciated despite studies 
showing that Legionella species can be recovered from 
12% to 70% of hospital water systems,183 and a number 
of studies in which nosocomial cases were identifi ed only 
when specifi c diagnostic and surveillance methods were 
employed.184,185 Characteristics of hospital water systems 
that are associated with Legionella contamination include 
piping systems with dead-ends that facilitate stagnation, 
large-volume water heaters that result in ineffi cient heating 
of hospital water, sediment build-up, water heater tem-
peratures < 60° C and tap water temperatures < 50° C, 
maintaining water pH > 8 and receiving municipal water 
untreated with monochloramine.186-188

Despite the ubiquity of water systems colonized with 
Legionella species and studies demonstrating a correla-
tion between the level of colonization and risk of infec-
tion, the CDC does not recommend routine surveillance 
of hospital water systems,181 although this stance is con-
troversial.183 Researchers from Pittsburgh, Pennsylvania, 
and the Allegheny County Health Department have 
recommended a more proactive stepwise approach 
that involves initial surveillance of hospital water 
for Legionella contamination, regardless of the presence 
or absence of institutional nosocomial legionellosis, 
followed by continued surveillance based on the level of 
water contamination found or the presence of institu-
tional legionellosis.183

Legionella species are resistant to chlorine and heat, 
making it challenging to eradicate them from contami-
nated hospital water systems.188 Attempts to hyperchlori-
nate hospital water have been partially successful if 
chlorine levels are continuously maintained between 2 
and 6 parts per million at all times but produce rapidly 
accelerated corrosion of water pipes and are expensive.189 
Thermal eradication is feasible, using a “heat-and-fl ush” 
method to raise water tank temperatures to greater than 
70° C and distal water sites to >60° C for short periods of 
time.190 Although effective, super-heating is labor inten-
sive and there is the constant fear that patients or health 
care personnel may sustain scald injuries if they wash or 
shower with tap water during a fl ushing period. The use 
of technologies such as instantaneous steam heat for 
incoming water190 and ultraviolet light191 are technically 
feasible with newer hospital water systems but may be 
incompatible with older hospital water systems.

Perhaps the most attractive, effective, safe, and cost-
effi cient method for Legionella eradication may be the 
use of continuous copper-silver ionization systems to ster-
ilize hospital water systems. These systems have been well 

studied over the past decade and have proved to be highly 
effective for reliably eradicating Legionella contamination 
of hospital water and, most importantly, for eliminating 
nosocomial legionellosis in institutions when other inter-
ventions have failed.192 In our own institution, two clus-
ters of nosocomial legionellosis prompted a retrospective 
review that identifi ed 10 cases over a 11-year period. 
Surveillance of the hospital water system found that 75% 
of all samples contained low levels of L. pneumophila, 
which were shown to be clonally related to the 10 cases 
of nosocomial legionellosis. Installation of a continuous 
copper-silver ionization system led to complete eradica-
tion of Legionella from water samples, and no further 
cases of nosocomial legionellosis have been identifi ed 
at our institution since 1995, among 255,000 patients 
hospitalized.

Reliable Sterilization Procedures, 
Chemical Disinfectants, and Antiseptics
Reliable sterilization, disinfection, and antisepsis embrace 
virtually all measures aimed at prevention of nosocomial 
infection. Critical objects, which are introduced directly 
into the bloodstream or into other normally sterile areas 
of the body, such as surgical instruments, cardiac catheters, 
and implanted devices, must be reliably sterile and steri-
lized with steam, gas, hydrogen peroxide gas, or chemical 
sterilization. Semicritical items, which come into contact 
with intact mucous membranes, such as fi beroptic endo-
scopes, endotracheal tubes, or ventilator circuit tubing, 
can be decontaminated between patients by pasteuriza-
tion or the use of high-level chemical disinfection with 
glutaraldehyde, peracetic acid, hydrogen peroxide, ethyl 
alcohol, or hypochlorite. Noncritical items, which nor-
mally come into contact only with intact skin, such as 
blood pressure cuffs or electrocardiograph electrodes, 
require hygienic cleansing or low-level disinfection with 
an iodophor, hypochlorite, quaternary ammonium or phe-
nolic disinfectants, or alcohol.193,194 The lone exception to 
this classifi cation scheme is devices that pose a risk of 
transmitting prion-related diseases. Transmissible spongi-
form encephalopathies such as Creutzfeldt-Jakob disease 
(CJD) and variant CJD (vCJD) have gained considerable 
attention over the past decade and have only recently 
been addressed in published disinfection and sterilization 
guidelines.195 Prions are not readily inactivated by conven-
tional disinfection and sterilization procedures.193 As a 
result, devices that pose a risk for transmission of prion-
related diseases should undergo special sterilization proce-
dures after cleaning that involve sodium hydroxide 
followed by low-temperature autoclaving (121° C) or high-
temperature autoclaving (132° C for 1 hour or 134° C for 
18 minutes).194 Despite concerns that procedures involv-
ing semicritical items such as endoscopes and broncho-
scopes may pose a risk for transmission of prion-related 
infections, there has not been a single report of CJD or 
vCJD associated with these devices. As a result, current 
guidelines recommend that only critical items and semi-
critical items that have come in contact with neurologic 
tissue (e.g., brain, spinal cord, eye tissue) should undergo 
special prion inactivation sterilization procedures.194,196
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Numerous epidemics of gram-negative infection have 
been described in association with respiratory therapy 
equipment,94,95 diagnostic equipment such as broncho-
scopes and endoscopes,95,99-101 and solutions used for cuta-
neous antisepsis.197,198 Most of these outbreaks were 
traced to improper procedures or malfunction of auto-
mated systems used for the disinfection and sterilization 
of medical devices, although a number of epidemics in 
years past arose as a result of extrinsic contamination of 
solutions used for cutaneous antisepsis.197,198 For these 
reasons, the importance of strict adherence to recom-
mended policies and procedures for cleaning and reproc-
essing medical equipment used in the ICU cannot be 
overemphasized.

Endoscopes and bronchoscopes are essential diagnostic 
and therapeutic instruments in the ICU. Although most 
postendoscopy nosocomial infections are caused by inoc-
ulation of colonizing mucosal fl ora into normally sterile, 
vulnerable anatomic sites during the procedure, numerous 
epidemics have been traced to contaminated endo-
scopes.95,99-101 Following use for bronchoscopy, endoscopes 
are typically contaminated with 6 × 104 colony-forming 
units (CFUs/mL).199 All endoscopes are considered semi-
critical medical devices by the Spaulding classifi cation 
and therefore require high-level disinfection following 
use.196 In order to ensure their safe use, fl exible endo-
scopes should be reprocessed with the following proce-
dures: (1) physical cleaning to reduce microbial bioburden 
and remove organic debris; (2) high-level disinfection—
glutaraldehyde and automated chemical sterilizing 
systems that use peracetic acid are most commonly used 
in the United States—with adequate contact time between 
the disinfectant and device surface; (3) following disinfec-
tion, rinsing with sterile or fi ltered tap water to remove 
dis-infectant residue; (4) fl ushing of all channels with 70% 
to 90% ethyl or isopropyl alcohol; and (5) drying with 
forced air.196 Devices used with endoscopes that violate 
mucosal barriers, such as biopsy forceps, need to be repro-
cessed as critical medical items with full sterilization.196 
Other devices used in the delivery of respiratory care are 
also considered semicritical under the Spaulding classifi -
cation and therefore should be reprocessed in a manner 
similar to endoscopes prior to reuse.131

Iodophors (e.g., 10% povidone-iodine), until recently, 
have been the most common agents used for cutaneous 
disinfection in North America. However, a large, prospec-

tive, randomized trial of cutaneous antiseptics used for 
drawing blood cultures recently showed that chlorhexi-
dine was superior to 10% povidone-iodine and was 
associated with a more than twofold reduced rate of con-
taminated blood cultures (OR = 0.40, 95% CI 0.21 to 
0.75, P = .004).200 Moreover, a recent meta-analysis exam-
ining the impact of different cutaneous antiseptic agents 
found that chlorhexidine was superior to povidone-iodine 
for both the prevention of intravascular catheter coloniza-
tion and catheter-related bloodstream infection.201 On the 
basis of these and other recent studies,202,203 chlorhexi-
dine-containing solutions are the preferred cutaneous 
antiseptics for insertion of intravascular devices in the 
ICU.129 Whatever agent is used, it is essential that it be 
applied with vigorous scrubbing for a minimum of 1 
minute to allow adequate time for germicidal activity.

Hand Hygiene
The major reservoir of nosocomial infection in the ICU is 
infected or colonized patients, and the major mode of 
spread of most nosocomial bacterial pathogens, many 
viruses, and even Candida from patient to patient is by 
transient carriage on the hands of medical personnel (see 
Fig. 51-3). Studies in our center of hand carriage of noso-
comial pathogens by ICU personnel, using a simple rinse 
technique to quantify the transient fl ora,204 have shown 
that, on average, approximately 60,000 CFUs (or 4.6 logs) 
are recovered from the hands of ICU personnel randomly 
sampled (Table 51-6). Nearly half of persons cultured at 
any point in time will be found to be carrying gram-nega-
tive bacilli, and 10% will be carrying S. aureus.205 Serial 
culturing has shown that all ICU personnel, at various 
times, carry gram-negative bacilli and that nearly two 
thirds carry S. aureus. Carriage of both gram-negative 
bacilli and S. aureus is typically transient: sampling 
persons every other day over a prolonged period has 
shown S. aureus or the same gram-negative species in 
consecutive cultures only 16% of the time; prolonged 
carriage of a single gram-negative species seems to be 
rare—but has been reported.206

Hygienic handwashing before undertaking invasive 
procedures, handling open wounds, or having manual 
contact with high-risk patients (e.g., newborns or patients 
in ICUs) or after touching a source or object likely to be 
contaminated has been recognized since the time of 
Semmelweis and Lister as one of the most basic and 

Table 51-6. Studies of Microorganisms Carried on the Hands of Hospital Personnel Working in a Neurosurgery Unit, 
University of Wisconsin Hospital

 All Microorganisms Gram-Negative Bacilli Staphylococcus aureus

Mean log10  CFU ± SD, recovered from persons’ hands*  4.59 ± 0.69 1.04 ± 0.44 0.44 ± 0.44
(range of individuals’ means) (3.31-5.76) (0.29-1.93) (0-1.45)

% All cultures positive 100  44.5 11.2

% All individuals positive at least once* 100 100 64

*Based on 6 to 34 cultures obtained at random times from each of 25 employees working in the unit over a 4-month period.
CFU, colony-forming units; SD, standard deviation.
From Maki DG: Control of colonization and transmission of pathogenic bacteria in the hospital. Ann Intern Med 1978;89:777-780.
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important infection control measures. Despite universal 
acknowledgement of handwashing as a cornerstone of 
nosocomial infection control programs, compliance rates 
much above 50% have been diffi cult to achieve and hand-
washing rates among HCWs have ranged from 9% to 
50% in numerous observational studies.165,207,208 Recent 
investigations have undertaken to better understand the 
reasons for poor compliance in the face of the compelling 
evidence that hand hygiene is essential for prevention of 
nosocomial infection,165 identifying cutaneous irritation, 
inconvenient sink location, time constraints, high work-
load, and understaffi ng. Of concern, risk factors for non-
compliance with hand hygiene include being a physician 
(rather than a nurse); working in an ICU; and, paradoxi-
cally, engaging in patient-care activities with a high risk 
of cross-transmission.165 Interventions to redress these 
defi ciencies have included targeted education; feedback; 
convenient location of sinks and hand hygiene agents; use 
of alternative, less irritative hand hygiene agents; hand 
care lotions or creams209; and patient education.210

Studies done with working hospital staff have shown 
that hygienic handwashing with an antiseptic-containing 
agent reduces the count of microorganisms on the hands 
of the user far more effectively than handwashing with a 
nonmedicated soap.204 Repeated use of some antiseptics 
such as chlorhexidine has a cumulative suppressive effect 
on the transient hand fl ora. Routine use of an antiseptic-
containing handwashing agent could, in theory, enhance 
the effectiveness of the handwashing that is done. More-
over, if an agent that exhibits prolonged antimicrobial 
activity, such as chlorhexidine, is used, it might also confer 
protection against contaminants acquired between hand-
washings.204 However, antiseptic-containing handwashing 
agents are more expensive and often more irritating to the 
skin. Irritation can result in dermatitis and, paradoxically, 
increased colonization by gram-negative bacilli.211

Clearly, antiseptic-containing soaps are more effective 
in removing microorganisms from the hands of users, but 
will routine use of these agents for hygienic handwashing 
reduce the incidence of nosocomial infection in patients? 
Discontinuation of hexachlorophene for handwashing by 
personnel and bathing of infants in the United States in 
1973 was followed by a marked upsurge in S. aureus 
infections in nurseries,212 and use of chlorhexidine-
containing handwashing agents was considered an essen-
tial measure for control of hospital outbreaks caused by 
multiply resistant Klebsiella213 and MRSA.214,215 How-
ever, since Semmelweis’ study, few studies have pro-
spectively evaluated the effi cacy of antiseptic-containing 
handwashing agents for reducing endemic nosocomial 
infections, particularly infections caused by gram-negative 
bacilli.211,216

In 1982 a comparative sequential trial of three hand-
washing agents—a nonmedicated tissue soap, 10% 
povidone-iodine (Betadine Scrub), and 4% chlorhexidine 
(Hibiclens)—was undertaken in the trauma-surgical ICU 
of the University of Wisconsin Hospital.211 Each agent was 
used exclusively for approximately 6 weeks, during which 
time hand cultures of ICU personnel were done at random 
and surveillance of infection in patients was carried out. 

Risk factors for infection in patients hospitalized during 
the use of each agent were comparable: Nearly two thirds 
of the patients in each period required ventilatory support 
and hemodynamic monitoring, and almost all had urinary 
catheters. The incidence of nosocomial infection in all 
groups was expectedly high, but it was 30% lower during 
the use of the two antiseptic-containing handwashing 
agents than during the use of the nonmedicated soap 
(P < .001). Povidone-iodine was irritating to the hands of 
most staff, and chlorhexidine had a slightly drying effect 
but was well tolerated, comparable with the nonmedi-
cated soap.

In a similar study at the University of Iowa Hospital, 
Massanari and Heirholzer216 did not fi nd signifi cant 
differences in the rates of nosocomial infection when 
nonmedicated soap was used exclusively as compared 
with alternating cycles during which 4% chlorhexidine 
(Hibiclens) was used in surgical ICUs; however, the inci-
dence of infection in the medical ICU was 50% lower 
during use of chlorhexidine (P < .05).

In the largest multiple-crossover prospective study—
1894 adult patients in three ICUs—of the relative effi cacy 
of antiseptic-containing handwashing agents used by per-
sonnel in ICUs, Doebbeling and colleagues217 found that 
the use of 4% chlorhexidine (Hibiclens) was associated 
with a 30% reduction in nosocomial infections (OR = 0.73), 
as contrasted with rates when a 60% alcohol hand-rinsing 
agent (Cal-Stat) was used. Both regimens were well 
tolerated.

Recently, alcohol-based, waterless hand rubs have 
become the agents of choice for hand hygiene and are 
now universally used in U.S. hospitals because of their 
convenience and broad-spectrum activity.210 Alcohols 
have the most rapid and pronounced bactericidal action 
and greatly reduce the time needed for hand disinfection. 
A vigorous 1-minute rubbing with a suffi cient volume of 
alcohol to wet the hands completely has been shown to 
be highly effective at reducing the density of skin fl ora.218 
Ethanol, iso- and n-propanol are the constituents of most 
commercially available alcohol-based hand rubs; at equal 
concentrations, n-propanol is most effective and ethanol, 
the least. However, all have limited effi cacy with gross 
soilage so that visibly soiled hands should always be 
washed with antiseptic soap and water.171 Moreover, at 
least 3  mL of an alcohol-based rub is necessary to com-
pletely coat the hands and achieve optimal degerming. 
The use of alcohol hand rubs or gels will be augmented 
by making conveniently located calibrated dispensers 
widely available. However, many HCWs prefer individual 
containers that can be carried in a pocket, which makes 
it diffi cult to ensure that an adequate volume is used with 
each application.

Few trials have been conducted to evaluate the effi cacy 
of alcohol-containing hand rubs for reducing nosocomial 
infection. Most are quasi-experimental before-after 
studies, and most have shown a short-term reduction in 
nosocomial infection rates with use of alcohol-containing 
hand rubs.172,219,220

The major factor limiting acceptance of alcohol prod-
ucts for hand antisepsis in the past was desiccation and 
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irritation of skin. This is now obviated by incorporating 
emollients into alcohol-based hand rubs, which has 
enhanced acceptance by HCWs and may augment anti-
bacterial activity by slowing the evaporation of alcohol.221 
A recent randomized clinical trial in 50  ICU HCWs com-
pared a conventional 2% chlorhexidine gluconate wash 
with water to a waterless alcohol-based hand rub (61% 
ethanol with emollients) and showed that use of the 
waterless alcohol-based product produced signifi cantly 
less skin scaling and irritation222; unfortunately, degerm-
ing was not assessed.

A recent review describes in detail the various hand 
hygiene agents available and their spectrum of activity.210 
Recommendations for hand hygiene by the CDC have 
recently been published (Table 51-7),171 emphasizing hand 
antisepsis with an antiseptic-containing soap or detergent 
or an alcohol-based hand rub: (1) before and after direct 
contact with patients or the environment and equipment 
in the immediate vicinity of the patient and (2) before 
performing invasive procedures such as insertion of an intra-
vascular device or urinary catheter. Use of skin care 
products—lotions or creams—to minimize irritant contact 
dermatitis associated with frequent handwashing and 
improve compliance with hand hygiene practices is highly 
recommended.

Institutional commitment is essential to improve com-
pliance with recommended hand hygiene practices. The 
CDC guideline recommends that institutions (1) monitor 
and record adherence to hand hygiene by ward or service; 
(2) provide feedback to HCWs about their performance 
and (3) monitor the volume of alcohol hand rubs used per 
1000 patient-days.171

Clearly, further studies are necessary, particularly large 
comparative trials in which rates of nosocomial infection, 
rather than levels of cutaneous colonization, are used 
as the index of comparison. In the meantime the avail-
able data indicate that routine use of a chlorhexidine-
containing product or alcohol-containing product will be 
more effective than use of a nonmedicated soap for hand 
hygiene in the high-risk areas of the hospital, such as 
ICUs, where cross-infection is most likely to occur.

Isolation Precautions for 
Communicable Infections
Isolation, the use of special precautions in the care of 
infected patients, is the only means of curtailing the 
spread of contagious microorganisms and preventing 
epidemics, especially in ICUs, where the risk of cross-
infection is highest. Although requiring all persons enter-
ing an infected patient’s room to wear gloves and a gown, 
possibly even a mask, may seem ritualistic and almost 
archaic, each aspect of the isolation procedure is directed 
at interrupting a potential mode of spread and is based on 
the known epidemiology of the infecting organism.223 
To be maximally effective, however, isolation procedures 
require compliance by each person coming into contact 
with the patient, including physicians. Isolation is also 
indicated, usually for the entirety of hospitalization, for all 
patients infected or known to be colonized by antibiotic-
resistant nosocomial pathogens such as MRSA, gram-nega-

Table 51-7. Recommendations for Routine Hand 
Hygiene from the Centers for Disease Control and 
Prevention Guideline

Recommendation Level of Evidence*

■ When hands are visibly dirty or  IA
contaminated with proteinaceous 
material or are visibly soiled with 
blood or other body fl uids, wash 
hands with either a nonantimicrobial 
soap and water or an antimicrobial 
soap and water

■ If hands are not visibly soiled, use an  IB
alcohol-based hand rub or, 
alternatively, wash hands with an 
antimicrobial soap and water for the 
following situations: 

  Before direct contact with patients
  Before putting on sterile gloves 
   when inserting a central vascular 
   catheter
  Before inserting urinary catheter, 
   peripheral vascular catheter, or 
   other invasive procedure not 
   requiring surgery
  After contact with patient’s intact 
   skin
  After contact with body fl uids, 
   mucous membranes, and wound 
   dressings if hands are not visibly 
   soiled
  Moving from a contaminated body 
   site to a clean body site during 
   patient care
  After contact with inanimate 
   objects in the immediate vicinity 
   of the patient
  After removing gloves

■ Before eating and after using a  IB
 restroom, wash hands with a 
 nonantimicrobial soap and water 
 or with an antimicrobial soap and 
 water

■ Antimicrobial-impregnated wipes are  IB
not a substitute for using an 
alcohol-based hand rub or 
antimicrobial soap

■ If exposure to Bacillus anthracis, wash  II
hands with nonantimicrobial soap 
and water or antimicrobial soap 
and water

*Categorization of recommendations: IA: strongly supported for 
implementation and strongly supported by well-designed 
experimental, clinical or epidemiologic studies. IB: strongly 
recommended for implementation and supported by certain clinical or 
epidemiologic studies and by strong theoretical rationale. IC: required 
for implementation, as mandated by federal or state regulation or 
standard. II: suggested for implementation and supported by 
suggestive clinical or epidemiologic studies or by strong theoretical 
rationale. No recommendation: unresolved issue: practices for which 
insuffi cient evidence or no consensus exists about effi cacy.
Modifi ed from Boyce JM, Pittet D: Recommendations of the Healthcare 
Infection Control Practices Advisory Committee and the HICPAC/SHEA/
APIC/IDSA Hand Hygiene Task Force. MMWR Recommend Rep 
2002;16:1-45.
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tive bacilli resistant to aminoglycosides or third-generation 
cephalosporins, or VRE; in such cases, isolation has been 
shown to be effective in reducing endemic infections224,225 
(Figs. 51-5 and 51-6) and in controlling outbreaks.225

Isolation Systems
Most U.S. hospitals subscribe to one of two CDC isolation 
systems developed by panels of experts. The simplest 
system, category-specifi c isolation precautions, issued by 
the CDC in 1970,223 groups diseases in seven categories 
by infections for which similar precautions are indicated: 
wound and skin precautions, enteric precautions, dis-
charge precautions, blood precautions, respiration isola-
tion, strict isolation, and protective isolation. Guidelines 
for disease-specifi c isolation precautions, issued in 1983,226 
consider each infectious disease individually, so only 
those precautions indicated to interrupt transmission of 

that specifi c disease are used. Disease-specifi c precautions 
minimize unnecessary isolation procedures; however, they 
are more complicated and may be implemented most 
effectively by a computerized system.

An alternative, simpler system, body substance isola-
tion, has gained adherents and focuses on the isolation of 
potentially infectious body substances, such as blood, 
feces, urine, sputum, wound drainage, and other body 
fl uids, of all patients through the use of simple barrier 
precautions—primarily gloves, gowns, plastic aprons, and 
masks or goggles. These barriers should be used when 
potentially infectious secretions are likely to soil or splash 
the clothing, skin, or face of the HCW.227 Body substance 
isolation provides suffi cient fl exibility to augment the 
basic precautions taken with each patient, as needed, and 
adds private rooms with masks for infections transmitted 
by the airborne route. A criticism of this simpler system 
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has been the reduced emphasis on handwashing when 
gloves are removed.228

The most recent CDC guideline, currently in draft 
form,174 separates basic precautions into (1) standard pre-
cautions designed for the care of all patients in hospitals, 
regardless of their diagnosis or presumed infection status, 
and (2) additional transmission-based precautions de-
signed for the care of specifi ed patients who are known 
or suspected to be infected with highly transmissible or 
epidemiologically important pathogens. Standard precau-
tions synthesize the major features of universal blood and 
body fl uid precautions and are designed to reduce the 
risk of transmission of microorganisms from patient to 
patient and from patient to HCW, from both recognized 
and unrecognized sources of infection in the hospital. 
Transmission-based precautions are divided into three 
subgroups on the basis of the mode of transmission: 
contact precautions, droplet precautions, and airborne 
precautions. Contact precautions are recommended with 
multidrug-resistant bacteria that can be acquired by 
contact with the colonized patient or environmental sur-
faces or objects. Droplet precautions provide additional 
measures for transmission by large-particle droplets, such 
as during suctioning or bronchoscopy. Airborne precau-
tions are added to standard precautions for care of patients 
with tuberculosis and other microorganisms transmitted 
by the airborne route. In general, transmission-based pre-
cautions usually specify a private room—always for air-
borne precautions.

Special Issues in the ICU
An environmental issue pertaining to isolation may be 
most relevant in the ICU, namely, the greater potential for 
fomites or environmental surfaces to contribute to the 
spread of nosocomial infection, especially with antibiotic-
resistant microorganisms. Although previous studies have 
not been able to demonstrate that the inanimate hospital 
environment, particularly surfaces, walls, or fl oors, con-
tribute materially to the occurrence of nosocomial infec-
tion,154,155 accumulating evidence suggests that this may 
not necessarily be true for ICUs, where uniform exposure 
to invasive devices makes patients unduly susceptible. A 
number of careful studies of the epidemiology of ICU-
acquired infection with resistant organisms such as 
MRSA,155,156 C. diffi cile,80,157 and VRE152,158,229 have shown 
heavy contamination of the inanimate environment 
immediately contiguous to the patient by strains impli-
cated in nosocomial infections occurring in patients. Even 
if gloves are being worn as part of protective isolation or 
universal precautions, the possibility of transmission of 
microorganisms from the environment to patients on the 
gloved hands of HCWs is real. Prolonged wearing of 
gloves in the ICU, which is common, may increase the risk 
of nosocomial cross-infection, expanding the epidemio-
logic role of the inanimate environment with certain 
pathogens such as MRSA or VRE.229

Similarly, the use of common stethoscopes, sphygmo-
manometers, or electronic thermometers with multiple 
patients provides further opportunity for organisms to 
spread. Although stethoscopes are commonly contami-

nated by nosocomial organisms,230 their role in cross-
infection is less clear.230 On the other hand, spread of 
VRE231 and C. diffi cile232 has been traced to contamina-
tion of electronic thermometers. All surfaces contiguous 
to the ICU patient should be wiped down with the general 
hospital disinfectant at least daily, and each ICU patient 
should have a dedicated stethoscope and sphygmoma-
nometer. The use of electronic temperature measuring 
devices on multiple patients within an ICU bears reevalu-
ation, unless stringent efforts are made to assure reliable 
decontamination of the device after each use.

As discussed, many nosocomial infections appear to 
derive from organisms carried on the hands of ICU per-
sonnel, who during the working day have contact with 
multiple patients. To improve nursing care and reduce the 
risk of cross-infection, ICUs must have an adequate 
number of staff. Although the optimal nurse/patient ratio 
for patients in an ICU is not known, increased rates of 
infection and outbreaks have occurred when nurses 
have been assigned to multiple critically ill patients who 
require complicated nursing care.163 One-to-one nurse/
patient ratios may signifi cantly reduce the risk of cross-
infection.

To contain the spread of certain resistant organisms in 
the ICU (e.g., MRSA, VRE), cohort nursing is strongly 
recommended. In cohort nursing, the care of patients 
known to be infected (or colonized) by the organism is 
provided by nurses (and respiratory therapists) who will 
not provide care during that shift for noninfected patients, 
and the nursing care of noninfected patients is restricted 
to personnel who will not have contact with infected 
patients, except in an emergency. Cohorting of patients 
known to be colonized or infected with MRSA is widely 
practiced but has not been adequately studied. In one 
recent prospective study, the authors found that there was 
no evidence of increased transmission of MRSA when 
patients were not cohorted.233

Tuberculosis
The upsurge in tuberculosis since 1985, particularly the 
numerous nosocomial outbreaks caused by multidrug-
resistant strains,70-72,234,235 demonstrates the importance of 
isolation precautions to prevent the spread of tuberculosis 
within hospitals, especially within ICUs.126 New guide-
lines126 reemphasize the importance of air control by man-
dating the use of private negative-pressure rooms, 
combined with the use of ultraviolet lights or ventilatory 
modifi cations in which all air exiting the room is either 
fi ltered or exhausted directly to the roofl ine, away from 
hospital intake vents. Isolation room doors must be kept 
closed to maintain control over the direction of airfl ow, 
and all persons who enter a room in which tuberculosis 
isolation precautions are in effect must wear a disposable 
particulate respirator such as a dust-mist mask or a HEPA-
fi lter mask. Gowns and gloves usually are not indicated. 
All ICUs should have one or more negative-pressure isola-
tion rooms for the care of patients requiring respiratory 
isolation for tuberculosis and other airborne infections 
such as chickenpox or disseminated herpes zoster, dis-
seminated HSV infection or emerging, highly contagious 
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airborne infections such as SARS. To reduce the risk of 
contaminating a ventilator or discharging M. tuberculosis 
into the environment, when mechanically ventilating a 
patient with suspected or confi rmed pulmonary tubercu-
losis, a bacterial fi lter capable of fi ltering particles ≥0.3  µm 
in size, with a fi lter effi cacy of greater than 95%, should 
be placed on the patient’s endotracheal tube or at the 
expiratory side of the breathing circuit of a ventilator.126  
ICU patients with tuberculosis not requiring mechanical 
ventilation should wear a surgical mask if leaving the 
negative-pressure isolation rooms for radiographic or 
other procedures.126

Standard Precautions
The world epidemic of AIDS and evidence that more than 
1 million persons in the United States are silent carriers 
of the human immunodefi ciency virus (HIV) have engen-
dered great concern among HCWs regarding the risk of 
exposure to HIV in the workplace. In 1987 the CDC and 
the Department of Labor issued detailed guidelines for 
Universal Blood and Body Fluid Precautions236,237 to 
prevent exposure of HCW workers and patients to poten-
tially hazardous blood or body fl uids. Universal precau-
tions were based on the concept that all blood and body 
fl uids that might be contaminated with blood should be 
treated as infectious because patients with bloodborne 
infections can be asymptomatic or unaware they are 
infected. The relevance of universal precautions to other 
aspects of disease transmission was recognized, and in 
1996 the CDC expanded the concept and changed the 
term to Standard Precautions.238 Standard precautions 
integrate and expand the elements of universal precau-
tions into a standard of care designed to protect health 
care personnel and patients from pathogens that can be 
spread by blood or any other body fl uid, excretion, or 
secretion. Standard precautions apply to contact with (1) 
blood; (2) all body fl uids, secretions, and excretions 
(except sweat), regardless of whether they contain blood; 
(3) nonintact skin; and (4) mucous membranes.

Gloves are recommended for venipunctures, insertion 
of intravascular devices, and whenever it can be antici-
pated that the hands could become contaminated by 
blood or another high-risk body fl uid. If there is potential 
for splatter or contamination of clothing, a gown is added. 
When there is potential for aerosolization of body fl uids, 
such as during surgery, intubation, endoscopy, or insertion 
of an arterial catheter, a mask and eye shielding are 
included. Because the vast majority of occupationally 
related HIV infections have involved needle sticks or 
other sharps injuries, every effort must be made to avert 
such injuries that could result in percutaneous inoculation 
of HIV or other bloodborne viruses.236,239

Because prophylactic use of barrier precautions appears 
to be of some benefi t for prevention of nosocomial infec-
tion169,240,241 and all U.S. hospitals are currently mandated 
to follow standard precautions, it has been suggested that 
the use of gloves for all patient contacts, as is now common 
in many U.S. hospitals, should implicitly reduce the risk 
of nosocomial infection in general. However, this has not 
been demonstrated and there is concern that standard 

precautions might paradoxically increase the risk of noso-
comial cross-infection.242 In most U.S. hospitals it is still 
common to observe ICU personnel, many of whom rou-
tinely wear gloves for all patient contacts to protect them-
selves, put on gloves, touch heavily contaminated areas 
(e.g., an open wound or tracheostomy), and then, without 
removing the gloves, proceed to write in the patient’s 
chart, answer the telephone, or care for another patient. 
This occurs because the health care providers have forgot-
ten that although the gloves may protect themselves, the 
gloves must be immediately discarded after use to prevent 
cross-contamination of hazardous pathogens to other vul-
nerable sites on the same patient or transmission to other 
patients or the ICU environment. Before the era of AIDS 
and universal precautions, health care professionals were 
oriented toward protecting the patient and likely to wash 
their hands when exposed to potential contamination. 
Now the focus is centripetal, and many HCWs 
unfortunately view all precautions as measures to protect 
themselves. Thus prolonged wearing of gloves can result 
in heavy contamination of the gloves243 and increase the 
risk of nosocomial cross-infection among patients.229,244 It 
also puts the HCW worker at increased risk of dermatitis 
and allergic reactions to glove material.245 Standard pre-
cautions do not obviate the need for designated isolation 
precautions for patients with communicable infections. 
The greatly expanded use of gloves as part of standard 
precautions in hospitals must now be accompanied 
by educational programs on how to use gloves effectively 
and in a manner that will not jeopardize patients. Staff 
must be strongly encouraged to wash their hands after 
removing gloves, especially after performing a bloody 
procedure, because blood often penetrates defects in 
gloves and can be found on the hands of the wearer.246 
Moreover, if the gloved HCW has had hands-on contact 
with a patient colonized by MRSA or VRE, the process of 
removing the gloves will result in contamination of the 
hands of the HCW by these organisms up to one third of 
the time.

Antibiotic Stewardship
There is a world crisis in antibiotic resistance 
(Fig. 51-2),247,248 which refl ects in greatest measure the 
heavy use of systemic antibiotics worldwide over the past 
30 years, especially in hospitals. Antimicrobial therapy has 
its greatest ecologic impact in the close confi nes of the 
ICU. Most nosocomial outbreaks caused by antibiotic-
resistant microorganisms249,250 have occurred in patients 
hospitalized in an ICU. Antibiotic pressure, which pro-
motes the exchange of genes encoding drug resistance by 
a variety of transfer mechanisms (Fig. 51-7),251 has been 
shown to be the single most important factor predisposing 
patients to nosocomial infection with resistant organisms. 
Modern-day ICUs are the breeding grounds for the mul-
tiply resistant bacteria that are now being encountered in 
hospitals throughout the world: methicillin-resistant 
staphylococci; VRE; Enterobacter, Serratia, Citrobacter, 
Proteus-Providencia, and P. aeruginosa resistant to fl uo-
roquinolones, aminoglycosides, or extended-spectrum 
beta-lactams.55-58,247 Broad-spectrum antimicrobial therapy 
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is the root cause of antibiotic-associated diarrhea and 
colitis caused by C. diffi cile.80

Clearly, antimicrobials are widely overused and misused; 
more than 75% of patients in U.S. ICUs, other than coro-
nary care units, receive antimicrobial agents, whereas 
studies indicate that more than half of hospitalized patients 
receiving antimicrobial therapy have no evidence of infec-
tion or clear justifi cation to be receiving antibiotics.252 
Moreover, within ICUs, a high proportion of the anti-
biotics used are broad-spectrum–extended-spectrum peni-
cillins, third-generation cephalosporins, carbapenems, 
aminoglycosides, or fl uoroquinolones. Greater efforts 
must be directed to improving the use of systemic antibi-
otics, especially within ICUs.

JCAHO now mandates that hospitals periodically 
review their use of antimicrobial agents through the use 
of antimicrobial audits.31 Such audits should scrutinize the 
need for antimicrobial therapy—clear evidence of infec-
tion or clear justifi cation for prophylactic use, the appro-
priateness of the regimen selected, and monitoring for 
therapeutic effi cacy and side effects during therapy.253 
Educational programs and institutional guidelines for anti-
microbial use that permit the hospital staff to construct 
guidelines and policies based on local needs and judg-
ments, aided by published criteria, have been shown to 
materially improve antimicrobial use within the hospi-

tal.252,254 Other important methods for controlling anti-
microbial use include a restricted formulary, the policies 
of the clinical microbiology laboratory on reporting of 
susceptibility testing, and automatic stop orders for surgi-
cal prophylaxis.252 Many institutions also place expensive 
or the most broad-spectrum drugs (e.g., third-generation 
cephalosporins, carbapenems, amikacin, ciprofl oxacin, 
fl uconazole, ganciclovir, lipid-associated amphotericin B) 
on a restricted list, requiring physicians who wish to use 
the agents to justify their use to a representative of the 
institutional antibiotic review committee.255 Such pro-
grams greatly reduce use of restricted antibiotics and are 
gaining ever-wider acceptance.

Excellent resources,256,257 including other chapters in 
this book (Chapters 21, 52), are available to guide the 
selection and use of anti-infective drugs in critically ill 
patients. However, several principles can reduce unneces-
sary antimicrobial therapy and improve the use of the 
drugs that are given:

1. Fever without other indications of infection should not 
mandate automatically beginning antimicrobial therapy 
in an ICU patient.

2. Unless antimicrobial therapy is being given for surgical 
prophylaxis, it is most likely being given for treatment 
of suspected or proved infection. Gram-stained smears, 
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Figure 51-7. Schematic depicting 
the route by which antibiotic-
resistant genes are acquired by 
bacteria in response to selection 
pressure of antibiotic use. The 
resistance gene pool represents all 
potential sources of DNA encoding 
antibiotic-resistant determinants in 
the environment; this includes 
hospitals, farms, or other 
microenvironments where 
antibiotics are used to control 
bacterial development. After uptake 
of single- or double-stranded DNA 
by the bacterial host, the 
incorporation of the resistance 
genes into stable replicons (DNA 
elements capable of autonomous 
replication) may occur by several 
different pathways that have not 
yet been identifi ed. The 
involvement of integrins, as shown 
here, has been demonstrated for a 
large class of transposable elements 
in the Enterobacteriaceae. The 
resulting resistance plasmids could 
exist in linear or circular form in 
bacterial hosts. The fi nal step in the 
cycle, dissemination, is brought 
about by one or more gene transfer 
mechanisms. (From Davies J: 
Inactivation of antibiotics and the 
dissemination of resistance genes. 
Science 1994;264:375-382.)
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cultures, and other appropriate diagnostic tests, as indi-
cated, should be done without fail before beginning 
antimicrobial therapy for treatment of presumed infec-
tion in an ICU patient.

3. Whenever antimicrobial therapy is begun, the reason 
should be documented in the patient’s record (e.g., “for 
treatment of pneumonia,” “for surgical prophylaxis”).

4. When possible, a single drug and the most narrow-
spectrum drug or drugs should be used, especially if 
the infecting organism or organisms are known at the 
outset.

5. The need for continued antimicrobial therapy should 
be reassessed daily. If cultures identify the infecting 
microorganism or microorganisms, therapy should be 
modifi ed, aiming for the most narrow-spectrum drug 
or drugs likely to be effective. If diagnostic studies are 
negative after 48 to 72 hours and the patient is not 
exhibiting signs of sepsis, antibiotic therapy should 
be discontinued, unless the patient is profoundly 
granulocytopenic.

6. Beyond monitoring for effi cacy and adverse drug 
effects such as hypersensitivity or organ toxicity, it is 
essential that monitoring include surveillance for 
superinfection by resistant bacteria or Candida and for 
C. diffi cile diarrhea.

7. Surgical antimicrobial prophylaxis should not extend 
beyond 24 hours postoperatively258,259 and in most 
operations can be limited to a single dose.258

SPECIFIC CONTROL MEASURES
As noted earlier, most nosocomial infections, especially 
in immunologically competent patients and in ICUs, are 
causally related to surgical operations or exposure to inva-
sive devices of various types (see Tables 51-2 and 51-3). 
Comprehensive guidelines for the prevention of infec-
tion with procedures or devices that pose the greatest 
risk (urinary catheters,130,260 endotracheal intubation and 
mechanical ventilatory support,131 intravascular catheters 
and infusion therapy,129 hemodialysis261 and surgery258) 
have been published and can form the basis for institu-
tional policies and procedures. Health care professionals 
working in ICUs are obligated to be informed about pre-
vention of infection associated with the procedures they 
perform and the devices with which they work daily.

Intravascular Device–Related 
Bloodstream Infection
Impact
Obtaining and maintaining reliable vascular access has 
become one of the most essential features of modern-day 
intensive care. Unfortunately, vascular access is associated 
with substantial and generally underappreciated potential 
for producing iatrogenic disease, particularly bloodstream 
infection (BSI) originating from infection of the percuta-
neous intravascular device (IVD) used for vascular access-
IVD-related (IVDR) BSI, often referred to as “line sepsis.” 
Nearly 60% of all nosocomial bacteremias derive from 
vascular access in some form,17 and it is estimated that 

more than 500,000 IVD-related bloodstream infections 
occur in the United States each year.262,263 Studies per-
formed a decade ago found that IVD-related BSIs are 
associated with excess attributable mortality ranging up 
to 35%264; however, more recent case-control studies have 
not consistently found excess mortality, especially of this 
magnitude.265-267 This controversy aside, all studies exam-
ining the impact of IVD-related BSI on patient outcomes 
has found that IVD-related BSIs are associated with 
increased length of hospitalization and excess health care 
costs, averaging $30,000 per case.264-267

IVD-related BSIs are largely preventable. The goal must 
not be simply to identify and treat these infections, but 
rather to prevent them. Over the past decade, much has 
been learned about the pathogenesis and epidemiology of 
infections associated with IVDs. By drawing on existent 
knowledge of the pathogenesis and epidemiology of IVD-
related BSI, rational and effective guidelines for preven-
tion can be formulated.

Defi nitions
IVDs are associated with both local and systemic infection. 
The CDC has published defi nitions for IVD-related infec-
tion (see Box 51-1).16 These defi nitions are useful for the 
purposes of surveillance but rely heavily on the construct, 
central venous catheter–associated BSI, which implicitly 
assumes that each primary BSI (i.e., a BSI without an 
identifi able local infection) originates from a central venous 
catheter (CVC). This practice results in an over-estimation 
of the true risk of CVC-related infection because not all 
primary BSIs originate from a central venous device; some 
are secondary BSIs deriving from unrecognized postoper-
ative surgical site or intra-abdominal infections or nosoco-
mial pneumonias or originate from other vascular devices 
such as peripheral venous catheters or arterial catheters 
used for hemodynamic monitoring.

By applying molecular subtyping techniques107,268,269 to 
the results of semiquantitative or quantitative cultures of 
the removed IVD and blood cultures or the results of 
cultures of blood drawn through the IVD and a separate 
concomitant percutaneous peripheral blood culture, it is 
now possible to reliably determine whether an IVD was 
the source of a nosocomial BSI. Using these new diagnos-
tic techniques allows formulation of simple but more rig-
orous defi nitions for IVD-related infection (Table 51-8), 
which we believe bear consideration as the standard for 
randomized trials and epidemiologic studies of IVD-
related infection.17

Recognition and Diagnosis

Clinical Features
Recent evidence-based guidelines provide the best current 
information on the evaluation of the ICU patient with 
fever or other signs of sepsis.270 Before any decision 
regarding initiation of antimicrobial therapy or removal 
of an IVD, the patient must be thoroughly examined to 
identify all plausible sites of infection including VAP, cath-
eter-associated urinary tract infection, surgical site infec-
tion, antibiotic-associated colitis, and line sepsis.
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Despite the challenge of identifying the source of a 
patient’s signs of sepsis,270 several clinical, epidemiologic, 
and microbiologic fi ndings point strongly toward an IVD 
as the source of a septic episode (Table 51-9).262,271 Patients 
with an abrupt onset of signs and symptoms of sepsis 
without any identifi able local infection such as pneumonia 
or surgical site infection should prompt suspicion of infec-
tion of an IVD. The presence of infl ammation or purulence 
at the catheter insertion site is now uncommon in patients 
with IVD-related BSI.272 However, if infl ammation, espe-
cially any purulence, is seen in combination with signs and 

symptoms of sepsis, it is highly likely the patient has IVD-
related BSI and should prompt removal of the device. 
Finally, recovery of certain microorganisms in multiple 
blood cultures, such as staphylococci, Corynebacterium 
or Bacillus species, or Candida or Malassezia strongly 
suggests infection of an IVD.

Blood Cultures
Starting anti-infective drugs for suspected or presumed 
infection in the critically ill patient without fi rst obtaining 
blood cultures from two separate sites, at least one of 

Table 51-8. Proposed Defi nitions for Intravascular Device-Related (IVDR) Colonization, Local Infection, and Bloodstream 
Infection (BSI) Based on Microbiologic Confi rmation of the IVD as the Source

IVD colonization (i)  A positive semiquantitative* (or quantitative†) culture of the implanted portion or portions of the IVD; 
(ii) absence of signs of local or systemic infection.

Local IVD infection (i)  A positive semiquantitative* (or quantitative†) culture of the removed IVD or a positive microscopic 
examination or culture of pus or thrombus from the cannulated vessel; (ii) clinical evidence of infection 
of the insertion site (i.e., erythema, induration or purulence); but (iii) absence of systemic signs of 
infection and negative blood cultures, if done.

IVDR BSI If the IVD is removed:
 (i)  A positive semiquantitative* (or quantitative†) culture of the IVD or a positive culture of the catheter 

hub or infusate (or positive microscopic examination or culture of pus or thrombus from the 
cannulated vessel) and one or more positive blood cultures, ideally percutaneously drawn, concordant 
for the same species, ideally by molecular subtyping methods; (ii) clinical and microbiologic data 
disclose no other clear-cut source for the BSI.

 If the IVD is retained:
 (i)  If quantitative blood cultures are available, cultures drawn both from the suspect IVD and a peripheral 

vein (or another IVD) are both positive and show a marked step-up in quantitative positivity (≥fi vefold) 
in the IVD-drawn culture; (ii) clinical and microbiologic data disclose no other clear-cut source for the 
BSI.

 or
 (i)  If automated monitoring of incubating blood cultures is available, blood cultures drawn concomitantly 

from the suspect IVD and a peripheral vein (or another IVD) show both are positive, but the IVD-
drawn blood culture turns positive more than 2  hr before the peripherally drawn culture; (ii) clinical 
and microbiologic data disclose no other clear-cut source for the BSI.

*Roll plate of cannula segment(s) >15 colony-forming units (CFUs).
†Sonication culture of cannula segment(s) ≥103  CFUs.
Modifi ed from Crnich CJ, Maki DG: The role of intravascular devices in sepsis. Curr Infect Dis Rep 2001;3:497-506.

Table 51-9. Clinical, Epidemiologic, and Microbiologic Features of Intravascular Device-Related Bloodstream Infection

Nonspecifi c Suggestive of Device-Related Etiology

Fever Patient unlikely candidate for sepsis (e.g., young, no underlying diseases)
Chills, shaking rigors* Source of sepsis inapparent, no identifi able local infection
Hypotension, shock* Intravascular device in place, especially central venous catheter
Hyperventilation, respiratory failure Infl ammation or purulence at insertion site
Gastrointestinal* Abrupt onset, associated with shock
Abdominal pain  Bloodstream infection caused by staphylococci (especially coagulase-negative 
Vomiting  staphylococci), Corynebacterium spp., Candida, Trichophyton, Fusarium, or Malassezia 
Diarrhea  species†

Neurologic* Very high-grade (>25  CFU/mL) candidemia
Confusion  Cluster of cryptogenic infusion-associated bloodstream infections caused by Enterobacter 
Seizures  cloacae, Pantoea agglomerans, or Serratia marcescens*†

  Sepsis refractory to antimicrobial therapy or dramatic improvement with removal of 
 cannula and infusion*

*Commonly seen in overwhelming gram-negative sepsis originating from contaminated infusate, peripheral suppurative phlebitis, or septic 
thrombosis of a central vein.
†Conversely, bacteremia caused by streptococci, aerobic gram-negative bacilli, or anaerobes is unlikely to derive from an intravascular device.
Modifi ed from Maki DG, Mermel LA: Infections due to infusion therapy. In Bennett JV, Brachman PS (eds): Hospital Infections, 4th ed. Boston, 
Lippincott-Raven, 1998.

Ch051-A04841.indd   1025Ch051-A04841.indd   1025 9/13/2007   10:33:54 AM9/13/2007   10:33:54 AM



PART

IV

C
RITIC

A
L C

A
RE IN

FEC
TIO

U
S D

ISEA
SE

1026

which is drawn from a peripheral vein by percutaneous 
venipuncture, is indefensible. The volume of blood cul-
tured is essential to maximize the sensitivity of blood 
cultures for diagnosis of bacteremia or candidemia: in 
adults, obtaining at least 20  mL, ideally 30  mL, per 
drawing (each specimen containing 10  mL or 15  mL, 
inoculated into aerobic and anaerobic media) signifi cantly 
improves the yield as compared with obtaining only 5  mL 
at each drawing and culturing a smaller total volume.273,274 
In adults, if at least 30 mL of blood is cultured, 99% of 
detectable bacteremias should be identifi ed.273,275 Similar 
operating characteristics are achieved in the pediatric 
population using a weight-based graduated volume 
approach to blood cultures.276 Standard blood cultures 
drawn through CVCs provide excellent sensitivity for 
diagnosis of BSI but are less specifi c than cultures obtained 
from a peripheral vein.277,278 If the patient has a long-term 
multilumen catheter, it may be reasonable to obtain a 
specimen from each lumen of the catheter because studies 
have found discordance (≈30%) among cultures obtained 
from different lumens of the same catheter.279

Every effort must be made to prevent introduced con-
tamination when drawing blood cultures because a single 
contaminated blood culture has been shown to prolong 
hospitalization by 4 days and increase the costs of hospi-
talization by $4100 to $4400.280,281 Tincture of iodine, 
isopropyl alcohol, chlorhexidine, or povidone-iodine 
combined with alcohol rather than povidone-iodine alone 
should be used for skin antisepsis prior to venipuncture 
for blood cultures, recognizing that studies have shown 
signifi cantly reduced rates of contamination with use of 
these agents.200,281,282 Up to 30% of blood cultures positive 
for coagulase-negative staphylococcus (CNS) represent 
true infection283,284; however, the majority of single posi-
tive cultures represent contamination,284 a fi nding that 
should reemphasize the need to obtain cultures from two 
separate sites whenever BSI is suspected.

Cultures of Removed Intravascular Devices
Removal and direct culture of the IVD has historically 
been the gold standard for confi rming the presence of 
IVD-related BSI, particularly with short-term IVDs. 
Studies have shown that culturing catheter segments 
semiquantitatively on solid media285 or quantitatively in 
liquid media (e.g., removing the adherent organisms by 
sonication286) provides superior sensitivity and specifi city 
for diagnosis of IVD-related BSI, with a strong correlation 
between high colony counts and line sepsis. Growth of 
greater than or equal to 15  CFUs from a catheter segment 
by semiquantitative culture or growth of greater than or 
equal to 103  CFUs from a catheter cultured after sonica-
tion with accompanying local infl ammation or signs of 
sepsis indicates local catheter infection. Signifi cant growth 
in the absence of local or systemic infl ammation suggests 
colonization of the device; if continued vascular access is 
necessary, a new device should be placed in a new loca-
tion rather than replacing it with a new one in the same 
location by guidewire exchange.

Although recent studies287 have suggested that quanti-
tative methods (e.g., sonication) are superior to the semi-

quantitative methods (e.g., roll plate), other studies have 
shown them to be equivalent.288,289 Because hub contami-
nation progressing to intraluminal colonization is the 
primary route of infection for long-term devices (e.g., 
devices in place >10 days), quantitative techniques may 
be superior to semiquantitative techniques in detecting 
infections from these types of devices because they 
remove organisms from both the internal and external 
surface of catheters.289 In contrast, semiquantitative 
methods may be preferred over quantitative methods in 
cases of suspected infection related to a short-term device 
(e.g., devices in place <10 days) because the primary route 
of infection in this setting is caused by extraluminal ingress 
of skin organisms at the catheter insertion site and the 
semiquantitative method is simple, less expensive, and 
allows identifi cation of the infecting organisms a day 
earlier.

Direct and impression Gram stains290 or acridine orange 
stains289 of intravascular segments of removed catheters 
have shown excellent correlation with quantitative tech-
niques for culturing catheters and can permit rapid diag-
nosis of catheter-related infection.

To rigorously identify the mechanism of IVD-related 
BSI in prospective studies, it is necessary to culture all 
potential sources of microorganisms at the time of catheter 
removal (Fig. 51-8): skin of the insertion site, each catheter 
hub, infusate from each lumen, as well as implanted cath-
eter segments. If the results of these cultures appear to link 
a BSI with microorganisms isolated from one or more por-
tions of the device by phenotypic criteria, efforts then 
need to be made to conclusively establish concordance, 
beyond speciation and antimicrobial susceptibility pattern, 
using one or more molecular subtyping systems such as 
multi-locus enzyme electrophoresis, plasmid profi le, or 
restriction-enzyme digestion of genomic DNA analyzed 
by pulsed-fi eld electrophoresis.268,269,274,291

Contaminated
Catheter Hub
  Endogenous
    Skin flora
  Extrinsic
    HCW hands

Hematogenous
  from distant infection

Skin Organisms
  Endogenous
    Skin flora
  Extrinsic
    HCW hands
    Contaminated 
    disinfectant

Contaminated
Infusate
  Extrinsic
    Fluid
    Medication
  Intrinsic
    ManufacturerSkinFibrin sheath,

thrombus

Vein

Figure 51-8. Potential sources of infection of a percutaneous 
IVD: the contiguous skin fl ora, contamination of the catheter 
hub and lumen, contamination of infusate, and 
hematogenous colonization of the IVD from distant, unrelated 
sites of infection. HCW, health care worker. (From Crnich CJ, 
Maki DG: The promise of novel technology for the prevention 
of intravascular device-related bloodstream infection. I. 
Pathogenesis and short-term devices. Clin Infect Dis 
2002;34:1232-1242.)
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Diagnosis of Infection with Implanted Long-Term 
Intravascular Devices
The methods described earlier require removal of the 
device for confi rmation of IVD-related BSI. This can pose 
formidable challenges to management with long-term, sur-
gically implanted IVDs such as Hickman and Broviac 
catheters, cuffed and tunneled hemodialysis catheters, and 
subcutaneous central venous ports. Only 15% to 45% of 
long-term IVDs that are removed for suspected infection 
are truly colonized or infected at the time of removal.292-295 
To avoid unnecessary removal of IVDs, methods have 
been developed to diagnose IVD-related BSI while allow-
ing the device to remain in place: (1) paired quantitative 
blood cultures drawn from the IVD and percutaneously 
from a peripheral vein289 and (2) differential time to posi-
tivity (DTP) of paired standard blood cultures, one drawn 
from the IVD and the other from a peripheral vein.296

If a laboratory has available an automated quantita-
tive system for culturing blood (e.g., Isolator lysis-
centrifugation system, Wampole Laboratories, Cranbury, 
NJ), quantitative blood cultures drawn through the IVD 
and concomitantly by venipuncture from a peripheral vein 
(or another IVD) can permit the diagnosis of IVD-related 
bacteremia or fungemia to be made with sensitivity and 
specifi city in the range of 80% to 95%,289 without removal 
of the catheter, if empiric antimicrobial therapy has not yet 
been initiated. IVD-drawn cultures demonstrating 5- to 
10-fold higher concentrations of microorganisms per mil-
liliter, as compared with counts of the same micro-organ-
ism obtained in a culture drawn from a peripheral vein, 
confi rm the presence of IVD-related BSI.

The differential-time-to-positivity (DTP) of paired 
blood cultures, one drawn through the IVD and the 
second, concomitantly from a peripheral vein, has also 
been shown to reliably identify IVD-related BSI of long-
term IVDs if the blood culture drawn from the IVD turns 
positive 2 or more hours before the culture drawn periph-
erally. In studies of patients with long-term IVDs, the 
sensitivity and specifi city of DTP ranged from 82% to 
94% and 88% to 91%, respectively.289,296 The perfor-
mance of DTP in short-term IVDs has recently been 
examined, with disappointing results,297 a fi nding that 
is not entirely unexpected given the predominant 
extraluminal route of infection with these devices.

Detection of Contaminated Infusate
To diagnose infection caused by contaminated infusate, a 
sample of IV fl uid, aspirated from the line, should be cul-
tured quantitatively and qualitatively285; concordance 
with positive peripheral blood cultures, without another 
identifi able source for the patient’s BSI, defi nitively impli-
cates infected infusate as the cause of the BSI. Anaerobic 
culture techniques are not necessary unless blood or 
another biologic product is involved.

Incidence
Prospective studies, in which every attempt was made to 
conclusively identify the presence of an IVD-related BSI, 
show that every type of IVD carries some risk of causing 
BSI; however, the magnitude of risk varies greatly, depend-
ing on the type of device (Table 51-10).298 The device that 
poses the greatest risk of IVD-related BSI today is the 

Table 51-10. Rates of Intravascular Device–Related Bloodstream Infection Caused by Various Types of Devices Used for 
Vascular Access in Adults

 Rates of IVD-Related Bloodstream 
 Infection

  Per 1000
 Per 100 Devices IVD-days

 Studies,  Catheters,  IVD-days,  BSIs,  Pooled  Pooled
Device n n n n mean 95% CI mean 95% CI

Peripheral IV catheters 11 10,910 28,720   13  0.1  0.1-0.2 0.5 0.2-0.7

Arterial catheters 14 4366 21,397   37  0.8  0.6-1.1 1.7 1.2-2.3

Short-term, nonmedicated  79 20,226 322,283  883  4.4  4.1-4.6 2.7 2.6-2.9
central venous catheters

Pulmonary artery catheters 13 2057 8143   30  1.5  0.9-2.0 3.7 2.4-5

Hemodialysis catheters:
 Temporary, noncuffed 16 3066 51,840  246  8    7-9 4.8 4.2-5.3
 Long-term, cuffed, and  16 2806 373,563  596 21.2 19.7-22.8 1.6 1.5-1.7
  tunneled

Peripherally inserted central  15 3566 105,839  112  3.1  2.6-3.7 1.1 0.9-1.3
catheters (PICCS):
Long-term tunneled and  29 4512 622,535 1013 22.5 21.2-23.7 1.6 1.5-1.7
 cuffed central venous 
 catheters
Subcutaneous venous ports 14 3007 983,480   81  3.6  2.9-4.3 0.1 0-0.1

BSI, bloodstream infection; TPN, total parenteral nutrition.
Modifi ed from Maki DG, Kluger DM, Crnich CJ: The risk of bloodstream infection in adults with different intravascular devices: A systematic review 
of 200 published prospective studies. Mayo Clin Proc 2006;81:1159-1171.
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CVC in its many forms (see Table 51-10): short-term, 
noncuffed, single-lumen or multilumen catheters inserted 
percutaneously into the subclavian or internal jugular 
vein have shown rates of catheter-related BSI in the range 
of 3% to 5% (2 to 3 per 1000 IVD-days).298 Far lower 
rates of infection have been encountered with surgically 
implanted cuffed Hickman or Broviac catheters and 
subcutaneous central venous ports (1 and 0.2 per 1000 
IVD-days, respectively).298 Contrary to popular belief, 
peripherally inserted central catheters (PICCs) used in 
inpatients and arterial catheters are associated with rates 
of catheter-related BSI approaching those seen with 
short-term, noncuffed, and nontunnelled, multilumen 
CVCs—up to 2.1299 and 3.4300 BSIs per 1000 IVD-
days, respectively.

Pathogenesis and Risk Factors
Two major sources of IVD-related BSI exist: (1) coloniza-
tion of the IVD, catheter-related infection and (2) con-
tamination of the fl uid administered through the device, 
infusate-related infection.262 Contaminated infusate is the 
cause of most epidemic IVD-related BSIs; in contrast, 
catheter-related infections are responsible for most 
endemic IVD-related BSIs.17

In order for microorganisms to cause catheter-related 
infection, they must fi rst gain access to the extraluminal 
or intraluminal surface of the device, where they can 
adhere and become incorporated into a biofi lm that allows 
sustained infection and hematogenous dissemination.301 
Microorganisms gain access to the bloodstream by one of 
three mechanisms (see Fig. 51-8): (1) skin organisms 
invade the percutaneous tract, probably assisted by capil-
lary action, at the time of insertion or in the days follow-
ing; (2) microorganisms contaminate the catheter hub 
(and lumen) when the catheter is inserted over a percu-
taneous guidewire or later manipulated; or (3) organisms 
are carried hematogenously to the implanted IVD from 
remote sources of local infection such as pneumonia.

With short-term IVDs (e.g., in place <10 days) such as 
peripheral IV catheters; arterial catheters; and noncuffed, 
nontunneled CVCs, most device-related BSIs are of cuta-
neous origin, from the insertion site, and gain access 
extraluminally, occasionally intraluminally at insertion 
with the guidewire.302,303 In contrast, contamination of the 
catheter hub and luminal fl uid is the predominant mode 
of invasive infection with long-term IVDs (e.g., in place 
>10 days) such as cuffed Hickman- and Broviac-type cath-
eters, subcutaneous central ports, and PICCs.304,305

Also important is recognizing that infusate (parenteral 
fl uid, blood products, or IV medications) administered 
through an IVD can also occasionally become contami-
nated and produce device-related BSI. Contaminated fl uid 
is fortunately an infrequent cause of endemic infusion-
related infection with most short-term IVDs; it is, however, 
an important cause of BSIs with arterial catheters used 
for hemodynamic monitoring and long-term IVDs such as 
Hickman or Broviac catheters, cuffed hemodialysis CVCs, 
and subcutaneous central venous ports.303,306,307

Most nosocomial epidemics of infusion-related BSI 
have been traced to contamination of infusate by gram-
negative bacilli, introduced during its manufacture (intrin-

sic contamination) or during its preparation and 
administration in the hospital (extrinsic contamina-
tion).143,308 If an epidemic is suspected, the epidemiologic 
approach must be methodical and thorough yet expedi-
tious, directed toward establishing the bona fi de nature of 
the putative epidemic infections (i.e., ruling out “pseu-
doinfections”)242 and confi rming the existence of an epi-
demic; defi ning the reservoirs and modes of transmission 
of the epidemic pathogens; and, most importantly, con-
trolling the epidemic, quickly and completely. Control 
measures are predicated on accurate delineation of the 
epidemiology of the epidemic pathogen. The essential 
steps in dealing with a suspected nosocomial outbreak 
have recently been reviewed (and are discussed later).262

In recent years the factors associated with an increased 
risk of IVD-related BSI have become better delineated 
(Table 51-11). Prolonged hospitalization and severity of 
illness clearly infl uence the risk, and clinical states such 
as granulocytopenia, AIDS, and bone marrow transplanta-

Table 51-11. Risk Factors for Intravascular 
Device–Related Bloodstream Infection with Short-Term 
Intravascular Devices

 Relative Risk or
Risk Factors (No. of Studies) Odds Ratio

Underlying Disease:
AIDS (2)  4.8
Neutropenia (2)  1-15.1
GI disease (1)  2.4
Surgical service (1)  4.4
ICU/CCU placement (3)  0.4-6.7
Extended hospitalization (3)  1-6.7
Other intravascular devices (2)  1-3.8
Systemic antibiotics (3)  0.1-0.5
Active infection at another site (2)  8.7-9.2
High APACHE III score (1)  4.2
Mechanical ventilation (1)  2-2.5
Transplant patient (1)  2.6

Features of Insertion:
Diffi cult insertion (1)  5.4
Maximal sterile barriers (1)  0.2
Tunneling (2)  0.3-1
Insertion over a guidewire (8)  1-3.3

Insertion Site:
Internal jugular vein (6)  1-3.3
Subclavian vein (5)  0.4-1
Femoral vein (2)  3.3-4.8
Defatting insertion site (1)  1
Use a multilumen catheter (8) −6.5

Catheter Management:
Routine change of IV set (2)  1
Staffi ng in SICU (nurse-to-patient ratio) (1)
1 : 2 61.5
1 : 1.5 15.6
1 : 1.28  4
1 : 1  1
Inappropriate catheter usage (1)  5.3
Duration of catheterization >7 days (5)  1-8.7
Colonization of catheter hub (3) 17.9-44.1
Parenteral nutrition (2) −4.8

Modifi ed from Safdar NS, Kluger DM, Maki DG: A review of risk factors 
for catheter-related infection caused by percutaneously inserted, 
noncuffed central venous catheters: Implications for preventive 
strategies. Medicine 2002;81:466-479.
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tion have been associated with fourfold to sixfold increased 
rates of IVD-related BSI.309,310 However, the features of 
the IVD, its insertion, and its maintenance appear to have 
far greater impact on the overall risk of infection. In 289 
patients, Merrer and colleagues311 found that insertion of 
an IVD in the femoral versus the subclavian vein 
was associated with a greatly increased risk of infection 
(20 versus 3.7 BSIs per 1000 IVD-days, P<.001) and 
thrombotic complications (21.5% versus 1.9%, P <.001).311

Moreover, Robert and colleagues312 found that patients 
with primary BSI were more likely to have received care 
during times when there was a lower nursing-to-patient 
ratio and a higher proportion of temporary (“fl oat”) 
nurses rather than the fulltime nursing staff.312

Microbiology
Figure 51-9 summarizes the microbial profi le of IVD-
related BSI from 159 published prospective studies.313 As 
might be expected from knowledge of the pathogenesis 
of these infections, skin microorganisms account for the 
largest proportion of these infections.

Strategies for Prevention
Recommendations for the prevention of IVD-related BSIs 
were published by the Hospital Infection Control Prac-
tices Advisory Committee (HICPAC) several years ago.129

Table 51-12 summarizes the recommendations of the 
2001 HICPAC guideline for the prevention of IVD-related 
BSI and scores each recommendation on the basis of the 
quality of the available scientifi c evidence. It must be 
reaffi rmed that measures for prevention of any nosoco-
mial infection must, wherever possible, be based on the 
best understanding of pathophysiology and epidemiology 
and, whenever possible, controlled clinical trials.

At-Device Insertion
1. Choice of catheter and site of device insertion: Obvi-

ously, the choice of IVD inserted into a patient will 
be guided primarily by that patient’s particular 
needs (e.g., hemodialysis versus fl uid administration). 
However, the astute clinician can mitigate much of the 
risk associated with vascular access by choosing the 
best device for the task at hand and inserting the IVD 
in a location associated with the least risk of infection. 
Studies suggest that multilumen IVDs are associated 
with a higher risk of infection than single-lumen cath-
eters.314 That said, if a patient has need for multiple 

infusions, inserting several single lumen catheters will 
pose greater risks than a single multilumen catheter.

To date, there have been no randomized studies 
designed to evaluate the optimal location for place-
ment of short-term CVCs. However, the data accumu-
lated from numerous observational studies suggest that 
the lowest risk of IVD-related BSI is seen with subcla-
vian vein insertion and the highest risk with femoral 
vein insertion, with an intermediate level of risk associ-
ated with jugular vein insertions.303,311

The femoral vein is often used for central venous 
access, especially on nonsurgical services, because of 
the ease of cannulation and the lower risk of mechani-
cal complications from insertion (i.e., bleeding or 
pneumothorax). Unfortunately, prospective studies 
evaluating the risk of femoral vein device placement 
have shown that CVCs placed in the femoral vein are 
more likely to be colonized at the time of removal than 
catheters placed in the internal jugular vein (RR = 4.7, 
CI= 2 to 8.8, P= .0001)315 and are associated with an 
increased risk of IVD-related BSI when compared with 
CVCs placed in the subclavian vein (4.4% versus 
1.5%, P= .07).311 Furthermore, recent prospective 
studies have found higher rates of catheter-related 
deep vein thrombosis with femoral catheters, in the 
range of 7% to 25%.310,311 In general, we believe 
femoral access should be used only if emergent access 
is required, the inexperience of the operator limits 
placement in the upper body, or there is a contraindica-
tion to placement in the upper body (no available sites, 
an extensive burn, or severe coagulopathy). If a short-
term CVC must be placed in the femoral vein or artery, 
we believe it is important that the catheter insertion 
site be located at least 2 inches (5  cm) below the ingui-
nal crease or an intertriginous area, which is heavily 
colonized with bowel organisms and yeasts; this also 
allows a more secure protective dressing to be 
affi xed.

In contrast to short-term CVCs, observational studies 
of hemodialysis catheters have not been able to confi rm 
a lower rate of infection with catheters inserted in the 
subclavian vein as compared with those inserted in the 
internal jugular vein,316 although there is still excess 
risk associated with femoral vein placement.317 More 
importantly, prospective studies of catheters used for 
hemodialysis have demonstrated a signifi cant risk of 
great vein thrombosis and stenosis in catheters inserted 
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Figure 51-9. Microbial profi le of 
intravascular device–related bloodstream 
infection based on an analysis of 159 
published prospective studies. (Modifi ed 
from Maki DG, Kluger DM, Crnich CJ: The 
microbiology of intravascular device-related 
(IVDR) infection in adults: An analysis of 
159 prospective studies and implications for 
prevention and treatment. In Abstracts and 
Proceedings from the 40th Annual Meeting 
of the Infectious Disease Society of America. 
Chicago, Infectious Disease Society of 
America, 2002.)
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Table 51-12. Summary of CDC/HICPAC Guideline for Prevention of IVD-Related Bloodstream Infection

Recommendation Strength of Evidence*

General measures
■ Educate all health care workers involved with IVD care and maintenance IA
■ Ensure adequate nursing staffi ng levels in ICUs IB

Surveillance
■ Monitor institutional IVD infection rates of IVD-related BSI IA
■ Express rates of CVC-related BSI per 1000 CVC-days IB

At-catheter insertion
■ Aseptic technique:
 Hygienic hand care before insertion or manipulation of any IVD IA
 Clean or sterile gloves during insertion and manipulation of noncentral IVDs IC

Maximal barrier precautions during insertion of CVCs: mask, cap, sterile gown, gloves, drapes IA
■ Dedicated IVD team strongly recommended IA
■  Cutaneous antisepsis: fi rst choice, chlorhexidine; however, tincture of iodine, an iodophor, or  IA

70% alcohol are acceptable (no recommendations for use of chlorhexidine in infants younger 
than 2 months, unresolved issue) 

■  In adults, other than hemodialysis catheters (jugular site preference), use a subclavian site rather  IA
than a jugular or femoral site for CVC access (in pediatric patients, no recommendations for 
preferred site, unresolved issue) 

■ Use of sutureless securement device NR
■ Sterile gauze or a semipermeable polyurethane dressing to cover site IA
■ No systemic or topical antibiotics at insertion IA

Maintenance
■ Remove IVD as soon as no longer required IA
■ Monitor IVD site daily IB
■ Change dressing of CVC insertion site at least weekly II
■ Do not use topical antibiotic ointments IA
■  Change needless IV systems at least as frequently as the administration set; replace caps no more  II

frequently than every 3 days or per manufacturer’s recommendations
■ Complete lipid infusions within 12  hr IB
■  Replace administration sets no more frequently than every 72  hr. When lipid-containing  IA

admixtures or blood products are given, sets should be replaced every 24  hr; with propofol, 
every 6-12  hr

■ Replace peripheral IVs every 72-96  hr IB
■ Do not routinely replace CVCs or PICCs solely for prevention of infection IB
■  Do not remove CVCs or PICCs solely because of fever unless IVD infection is suspected, but  II

replace catheter if there is purulence at the exit site, especially if the patient is hemodynamically 
unstable and IVD-related BSI is suspected

Technology
■  Use antimicrobial-coated or antiseptic-impregnated CVC in adult patients if institutional rate of  IB

BSI is high despite consistent application of preventive measures and catheter likely to remain in 
place >5 days (no data or recommendations for pediatric patients) 

■  Use chlorhexidine-impregnated sponge dressing for adolescent or adult patients with uncuffed  NR
CVCs or other catheters likely to remain in place >5 days (no recommendation for children, do 
not use in neonates younger than 7 days old or gestational age younger than 26  wk) 

■  Use prophylactic antibiotic lock solution only in patients with long-term IVDs who have  II
continued to experience IVD-related BSIs despite consistent application of infection control 
practices

*Taken from CDC/HICPAC system of weighting recommendations based on scientifi c evidence. IA, strongly recommended for implementation and 
supported by well-designed experimental, clinical, or epidemiological studies. IB, strongly recommended for implementation and supported by 
some experimental, clinical, or epidemiological studies and a strong theoretical rationale. IC, required by state or federal regulations, rules, or 
standards. II, suggested for implementation and supported by suggestive clinical or epidemiological trials or a theoretical rationale. Unresolved 
issue, an unresolved issue for which evidence is insuffi cient or no consensus regarding effi cacy exists. NR, no recommendation for or against at this 
time.
BSI, bloodstream infection; CVC, central venous catheter; ICU, intensive care unit; IV, intravenous; IVD, intravascular device.
Modifi ed from O’Grady NP, Alexander M, Dellinger EP, et al: Guidelines for the prevention of intravascular catheter-related infections. Clin Infect Dis 
2002;35:1281-1307.

into the subclavian vein that approaches 40% to 50% 
as compared with rates of 0% to 10% with catheters 
inserted into the internal jugular vein.318,319 On the 
basis of these data, internal jugular vein insertion is 
preferable to subclavian vein insertion for central 
access for hemodialysis.

2. Barrier precautions: Hand hygiene with an antiseptic-
containing preparation, either conventional handwash-
ing with chlorhexidine (2% to 4%) or with a waterless 
alcohol rub or gel,171 must always precede the insertion 
of an IVD and should also precede subsequent han-
dling of the device or its administration set.129 A new 
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pair of disposable, nonsterile gloves, using a “no-
touch” technique, is adequate for the placement of 
peripheral IV catheters in most patients; however, 
sterile gloves should be used during insertion in high-
risk patients such as those with granulocytopenia. 
Sterile gloves are strongly recommended for placement 
of all other types of IVDs that are associated with a 
1% or higher risk of associated bacteremia, specifi cally 
arterial catheters and all types of centrally placed 
devices including PICCs.129

Studies have shown that the use of maximal barriers
including a long-sleeved, sterile surgical gown, mask, 
cap and large sterile drape, and sterile gloves signifi -
cantly reduces the risk of CVC-related BSI (0.08 BSIs 
with maximal barriers versus 0.5 BSIs per 1000 IVD-
days without maximal barriers, P= .02).320 The use of 
maximal barriers has further been shown to be highly 
cost effective.320 Considering that of all IVDs, CVCs 
are most likely to produce nosocomial BSI, a strong 
case can be made for mandating maximal barrier pre-
cautions during the insertion of all central IVDs.129

They are not necessary, however, for arterial catheters 
used for hemodynamic monitoring, during which sterile 
gloves and a sterile fenestrated drape will suffi ce.321

3. IV teams: Good technique is also essential. Studies 
have shown that the use of special IV therapy teams, 
consisting of trained nurses or technicians who can 
assure a consistent and high level of aseptic technique 
during catheter insertion and in follow-up care of the 
catheter, have been associated with substantially lower 
rates of catheter-related BSI and are cost effective.322,323

But even if an institution does not have an IV team, it 
can greatly reduce its rate of IVD-related BSI by formal 
education of nurses and physicians and stringent adher-
ence to IVD care protocols.324,325

4. Cutaneous antisepsis: Given the evidence for the 
importance of cutaneous microorganisms in the patho-
genesis of short-term IVD-related infections, measures 
to reduce colonization of the insertion site would seem 
of the highest priority, particularly the choice of 
chemical antiseptics for disinfection of the site. Nine 
randomized, prospective trials comparing a chlorhexi-
dine-containing antiseptic to either povidone-iodine 
or alcohol for preparation of the skin prior to insertion 
of a short-term IVD have been reported.201-203,326 In the 
largest study to date, a randomized trial in 1050 CVCs 
and arterial catheters placed in a university hospital 
ICU, cutaneous antisepsis with 1% tincture of chlorhex-
idine showed a highly signifi cant reduction in IVD-
related BSIs compared with an iodophor (RR = 0.35, 
P< .01).326 More recently, a meta-analysis that exam-
ined results from eight of the nine aforementioned 
studies found that use of chlorhexidine was associated 
with a nearly 50% reduction in the risk of IVD-related 
compared with povidone-iodine (RR = 0.49, 95% 
CI= 0.28 to 0.88).201

Insertion Site Care and IVD Maintenance
1. IVD dressings: IVDs can be dressed with sterile gauze 

and tape or with a sterile transparent, semipermeable, 

polyurethane fi lm dressing. The available data suggest 
that the two types of dressings are equivalent in terms 
of their impact on IVD-related BSI with peripheral IVs 
and short-term CVCs.327-329 In contrast, results from 
studies of arterial catheters have found that polyure-
thane dressings greatly increase the risk of IVD-related 
BSI.327,330 As a result, polyurethane dressings should 
probably not be used on arterial catheters until future 
studies confi rm their safety.

2. Topical antimicrobial ointments: In theory, application 
of a topical antimicrobial agent to the catheter insertion 
site should confer some protection against microbial 
invasion. Clinical trials of a topical combination anti-
bacterial ointment containing polymyxin, neomycin, 
and bacitracin with peripheral IVs have shown mar-
ginal benefi t,331 but the use of polyantibiotic ointments 
has been associated with a fi vefold increased frequency 
of Candida infection, limiting their utility.331,332

The topical antibacterial mupirocin, which is active 
primarily against gram-positive organisms, was shown 
in one study to signifi cantly reduce colonization of 
internal jugular catheters without increasing coloniza-
tion by Candida spp.,333 and a more recent study by 
Sesso and colleagues334 showed signifi cant reductions 
in hemodialysis catheter colonization (3.17 versus 
14.27 per 1000 IVD-days, P = <.001) and S. aureus
IVD-related BSIs (0.71 versus 8.92 BSIs per 1000 IVD-
days, P = <.001).334 Unfortunately, resistance of S. 
aureus335 and coagulase-negative staphylococci336

rapidly emerges during wide-scale mupirocin use,337

which contravenes its use as a topical agent for the 
prevention of IVD-related BSI at this time.129

Three prospective studies of topical povidone-iodine 
ointment applied to central venous catheter sites have 
failed to show a statistical benefi t to its use,331,338,339 but 
a single comparative trial in subclavian hemodialysis 
catheters showed that the use of topical povidone-
iodine ointment was associated with a fourfold reduc-
tion in the incidence of IVD-related S. aureus BSI.340

Therefore if a topical agent is to be used with hemo-
dialysis catheters, an iodophor may be most desirable.

3. Replacement of the device: Studies have shown that 
peripheral IVs may be safely left in place for up to 96 
hours if the patient and the insertion site is monitored 
closely.341 Studies have suggested that the duration of 
peripheral catheterization may be prolonged even 
further,342 but, viewing reports of increasing nosoco-
mial S. aureus bacteremias linked to prolonged periph-
eral venous catheterization,343 more studies are required 
before this can become considered acceptable 
routinely.

Scheduled replacement of short-term, noncuffed, 
nontunneled CVCs has long been practiced in many 
centers; however, some studies have called this practice 
into question.344 Moreover, a meta-analysis found no 
benefi t to routine replacement of short-term CVCs.345

On the basis of these data, there appears to be no 
indication for scheduled replacement of short-term 
CVCs that are functioning well and show no clinical 
signs of infection.
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4. Guidewire exchanges of CVCs: The management of 
CVCs that must be replaced, either because of mechan-
ical malfunction or suspected infection, deserves special 
attention. Replacement of CVCs by guidewire exchange 
is associated with a reduced risk of mechanical com-
plications344,345; however, it is also associated with an 
increased risk of the newly placed CVC becoming 
infected and causing CVC-related BSI.344 As a result, if 
circumstances necessitate guidewire exchange for 
placement of a new catheter (e.g., the patient has 
limited sites for access, is morbidly obese, or is at 
high risk of mechanical complications because of 
underlying coagulopathy), the same strict aseptic tech-
nique, which includes full barrier precautions, must be 
used. However, the tip and/or intracutaneous segment(s) 
of the removed CVC should routinely be sent for 
culture to determine whether the insertion tract is 
colonized. If it is, the newly inserted CVC should be 
promptly removed and a new CVC placed percutane-
ously in a new site. If the tract is not colonized, the 
newly exchanged CVC can remain in the old insertion 
site.

Although small studies have found some utility of 
guidewire exchange in the management of CVCs sus-
pected of being infected,346,347 we believe that, in the 
absence of randomized studies demonstrating its safety, 
guidewire exchange generally should not be performed 
if there is suspicion of IVD-related BSI, especially if 
there are signs of local infection such as purulence or 
erythema at the insertion site or signs of systemic 
sepsis without a source. In these cases the old catheter 
should be removed and cultured, and a new catheter 
should be inserted in a new site.

5. Replacing the delivery system: Whereas most infusion-
related BSIs are caused by infection of the device used 
for vascular access, infusate can occasionally become 
contaminated and cause endemic BSIs.303,348 If an infu-
sion runs continuously for an extended period, the 
cumulative risk of contamination increases, and there 
is further risk that contaminants can grow to concen-
trations that could produce BSI in the recipient of the 
fl uid. For more than 25 years, most U.S. hospitals have 
routinely replaced the entire delivery system of 
patients’ IV infusions at 24- or 48-hour intervals349 to 
reduce the risk of BSI from extrinsically contaminated 
fl uid. Prospective studies indicate that IV delivery 
systems need not be replaced more frequently than 
every 72 to 96 hours, including infusions used for 
total parenteral nutrition or any infusions in ICU 
patients341,350; extending the duration of use can permit 
cost savings to hospitals.350

Four clinical settings might be regarded as excep-
tions to using 72 hours as an interval for routine set 
change350: (1) administration of blood products, (2) 
administration of lipid emulsion, (3) arterial pressure 
monitoring, and (4) suspicion of an epidemic of infu-
sion-related BSI. In these circumstances, it may be 
most prudent for administration sets to be changed 
routinely at 24- or 48-hour intervals.

Arterial infusions used for hemodynamic monitoring 
appear to be more vulnerable to becoming contami-
nated during use and producing endemic348 or epi-
demic septicemia,96 caused by gram-negative bacilli. If 
the infusion for hemodynamic monitoring is set up so 
that the fl uid fl ows continuously through the system, 
thus eliminating a blind stagnant column of fl uid, 
extrinsic contamination appears to be greatly reduced 
and may even eliminate the need to replace the admin-
istration set, transducer assembly, and other compo-
nents of the system at frequent intervals.351,352 If 
disposable transducers are used, there appears to be no 
need to replace the transducer assembly and other 
components of the delivery system more frequently 
than every 4 days,351 and it may be safe to replace them 
even less frequently.352

6. Anticoagulation: Thrombus formation on an intravas-
cular device is associated with an increased risk of 
infection.353,354 Two prospective studies have been per-
formed to examine the effi cacy of warfarin anticoagu-
lation for reducing rates of IVD-associated thrombosis 
with long-term IVDs.355,356 Both studies found that use 
of warfarin in a dose of 1  mg/day was associated with 
signifi cantly reduced rates of thrombosis with long-
term IVDs, although no data were provided on rates 
of IVD-related BSI.

The use of prophylactic heparin for reducing rates 
of IVD-related thrombosis and infection has been eval-
uated in a meta-analysis.357 Examining a variety of 
different administration techniques in 14 randomized 
controlled studies, Randolph and colleagues357 con-
cluded that systemic heparinization signifi cantly 
reduced the risk of IVD-associated thrombosis 
(RR= 0.43, CI = 0.23-0.78) and device colonization 
(RR= 0.18, CI = 0.06 to 0.6) but failed to show a reduc-
tion in IVD-related BSIs. Heparin-bonded pulmonary 
artery catheters may be less prone to IVD-related BSI 
than nonheparinized catheters.303,358,359

On the basis of these studies, low-level anticoagula-
tion with warfarin is warranted for long-term IVDs 
as long as there is no contraindication (bleeding dia-
thesis, brain tumor, or predilection to falls) and the INR 
is maintained below 1.6.355 For short-term IVDs, the 
use of low-dose subcutaneous heparin is more appro-
priate; it is commonly given to patients with CVCs 
or arterial lines as part of ICU thromboembolism 
prophylaxis.

Novel Technology
Despite compliance with recommended guidelines, many 
centers continue to have high rates of IVD-related BSI. 
Novel technology holds much promise (Table 51-13). 
Innovative technologies designed to reduce the risk of 
IVD-related BSI have proved to be not only effective but 
also to reduce health care costs, both with short-term and 
long-term IVDs.301,360

1. Novel securement devices: Recently, a novel sutureless 
device for securing noncuffed vascular catheters has 
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become available (StatLock, Venetec International). 
In a randomized trial of the device, premature loss 
of pediatric PICCs caused by accidental extrusion 
and PICC-associated thrombosis was signifi cantly 
reduced,361 and in two additional trials the incidence 
of catheter-related BSI was signifi cantly reduced with 
the use of the novel securement device, both in adults 
and children with PICCs.361,362

The promise of this device for reducing infection 
may derive from elimination of a festering skin suture 
wound contiguous to the newly inserted catheter and 
minimizing to-and-fro movement of the catheter, which 
may promote invasion of the tract by cutaneous micro-
organisms through capillary action.363

2. Novel dressings: Studies of polyurethane dressings, 
which contain antiseptics such as povidone-iodine or 

ionized silver, have been disappointing. However, on 
the basis of demonstrated superiority of chlorhexidine 
for cutaneous disinfection of access sites, a novel 
chlorhexidine-impregnated sponge dressing has been 
developed (Biopatch, Johnson and Johnson Medical, 
Inc.). It maintains a high concentration of the antiseptic 
on the insertion site under the dressing. The largest 
study to date found that use of the chlorhexidine-
impregnated sponge dressing was associated with a 
60% reduction in catheter-related BSI (RR = 0.37, 
P = .01).364 Although there were no adverse side 
effects associated with the use of this dressing in 
this trial in adults, a pediatric trial found that 
15% of low-birth-weight neonates developed local 
dermatotoxicity.365

3. Anti-infective impregnated catheters: Intravascular 
devices directly coated or impregnated with antimicro-
bials or antiseptics have been intensively studied over 
the past decade. Eighteen randomized trials evaluating 
the effi cacy of chlorhexidine-silver-sulfadiazine– or 
minocycline-rifampin–impregnated CVCs have been 
published in full article or abstract form since 
1994.268,269,291,366,367

Of the 16 published studies that examined the effect 
of antimicrobial-impregnated CVCs on rates of CVC-
related BSI, 12 found either a statistically signifi cant 
reduction or a strong trend toward a reduction in rates 
of CVC-related BSI.366,367 Aggregate analysis of the 
15 studies that compared antimicrobial-impregnated 
CVCs with nonimpregnated CVCs,366,367 encompass-
ing a total of 4250 CVCs, shows that antimicrobial-
impregnated CVCs are associated with a 40% reduction 
in CVC-related BSI (61 BSIs/2129 devices versus 101 
BSIs/2118 devices, OR 0.60, 95% CI = 0.44 to 0.82, 
P = .001), a result remarkably similar to the fi ndings of 
three published meta-analyses.301,368,369

Finally, two rigorous and sophisticated economic 
analyses have found that antimicrobial-impregnated 
CVCs are cost effective.370,371 Veenstra and colleagues 
showed that antimicrobial-impregnated CVCs remained 
cost effective even if the cost of a CVC-related BSI 
was as low as $687 per case; cost savings were $196 
per antimicrobial-impregnated CVC when a more 
realistic cost of a CVC-related BSI of $9738 was used 
in the analysis.370 Shorr and colleagues371 showed 
that use of antimicrobial-impregnated CVCs was asso-
ciated with a cost savings of $9600 per CVC-related 
BSI prevented and that $165 to $280 would be saved 
for every patient who received an antimicrobial-
impregnated CVC.

On the basis of this large body of data, two national 
advisory panels have recommended the use of antimi-
crobial-impregnated CVCs in clinical settings where, 
despite rigorous application of other preventive inter-
ventions, rates of IVD-related BSI remain unacceptably 
high (i.e., ≥ 3.3 BSIs per 1000 IVD-days).129,372

4. Antimicrobial lock solutions: Given the importance of 
hub contamination and intraluminal colonization in 
the genesis of IVD-related BSI with long-term IVDs, 

Table 51-13. Novel Technology for Prevention of 
IVD-Related Bloodstream Infection That Has Been 
Examined in Randomized Clinical Trials

Chlorhexidine For Cutaneous Antisepsis
Securement Devices

Topical anti-infective creams or ointments
Polymyxin, neomycin, bacitracin polyantibiotic ointment
Povidone-iodine ointment
Mupirocin ointment

Dressings
Transparent, polyurethane fi lm dressings
Hyperpermeable polyurethane dressings
Hydrocolloid dressings
Chlorhexidine-impregnated sponge dressings

Innovative IVD Design
Cuffed and tunneled CVCs
Subcutaneous central venous ports
Attachable silver-impregnated cuffs
Peripherally inserted central venous catheters (PICCs)

Anti-Infective–Coated Catheters
Benzalkonium chloride–impregnated catheters
Chlorhexidine–silver sulfadiazine–coated catheters
Cefazolin-coated catheters
Minocycline-rifampin–coated catheters
Silver-impregnated catheters

Anti-Infective Catheter Hubs
Iodinated chamber
External povidone-iodine-saturated sponge cap

Anti-Infective Lock Solutions for Long-Term IVDs
Gentamicin
Vancomycin
Vancomycin/ciprofl oxacin
Trisodium citrate/gentamicin
Minocycline/ethylenediaminetetraacetic acid (EDTA)
Ethanol
Taurolidine

Scheduled (Prophylactic) Thrombolysis with Urokinase

CVC, central venous catheter; IVD, intravascular device.
Modifi ed from Crnich CJ, Maki DG: The promise of novel technology 
for the prevention of intravascular device-related bloodstream 
infection. I. Pathogenesis and short-term devices. Clin Infect Dis 
2002;34:1232-1242 and 1362-1368.
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intraluminal instillation of an antibiotic or antiseptic 
solution has the potential to reduce the risk of BSI 
associated with these devices. Six randomized, pro-
spective trials have examined a vancomycin-containing 
antibiotic lock solution for the prevention of IVD-
related BSI, the largest of which found that use of a 
vancomycin or vancomycin/ciprofl oxacin lock solution 
reduced the risk of IVD-related BSI nearly 80% 
(P = .005), with no evidence that the use of the lock 
solution promoted colonization or infection by 
vancomycin-resistant bacteria or fungi.373,374 Yet 
concern about the emergence of resistance with pro-
phylactic antibiotic-containing lock solutions has 
limited their wider acceptance to date. However, the 
use of prophylactic antibiotic lock solution is 
considered acceptable in the 2001 HICPAC Guideline 
if a patient with an essential long-term IVD has con-
tinued to experience recurrent IVD-related BSIs 
despite consistent application of infection control 
practices.129

Various other prophylactic lock solutions have been 
studied as a means of preventing IVD-related BSI 
including trisodium citrate/gentamicin,375 minocycline/
ethylenediaminetetraacetic acid (EDTA),376 ethanol,377 
and taurolidine-containing solutions.378 Concerns 
about increased IVD complication rates378 and drug-
related toxicity375 associated with the use of certain 
types of lock solutions, combined with the limited 
number of patients who have been studied while 
receiving these agents, precludes their routine use at 
this time.

5. Catheter hubs: A novel catheter hub that contains a 
chamber fi lled with iodinated alcohol has been shown 
to be effective in preventing colonization of IVDs in 
an animal model.379 Use of this same hub model in 
some clinical studies has demonstrated signifi cantly 
lower rates of IVD colonization compared with IVDs 
with control hubs.380,381 One clinical trial has also dem-
onstrated reduced rates of IVD-related BSIs with use 
of this hub (4% versus 16%, P <.01). A subsequent 
study also showed a reduction in hub-related IVD-
related BSIs (1.7% versus 7%, P < .049), but overall 
rates of IVD-related BSIs in both groups were similar.381 
Another study was unable to fi nd any benefi t with 
regards to IVD colonization or IVD-related BSI with 
use of the novel hub.382 This device is not yet available 
in the United States and until further studies more 
conclusively demonstrate its benefi t, its use cannot be 
recommended at this time.

Ventilator-Associated Pneumonia
Incidence and Impact
Hospital-acquired pneumonia (HAP) is defi ned as pneu-
monia that develops more than 48 hours after hospitaliza-
tion.383 VAP is a subset of HAP and is defi ned as pneumonia 
that occurs more than 48 to 72 hours after initiating 
mechanical ventilation.383 Nearly 300,000 episodes of 
HAP occur in U.S. hospitals each year.384 More than 90% 

of HAPs occur in patients undergoing mechanical ventila-
tion, and 10% to 20% of mechanically ventilated patients 
will develop VAP.385 VAP is the second most common 
nosocomial infection in U.S. ICUs participating in the 
National Nosocomial Infection Surveillance (NNIS) 
program with median rates of VAP ranging from 2.3 cases 
per 1000 ventilator-days in pediatric units to 11.4 cases 
per 1000 ventilator-days in trauma units (Table 51-14).133 
VAP increases length of hospitalization by 6.1 days and 
health care costs by $10,019 when compared with matched 
controls who had not developed VAP.385 More importantly, 
VAP is associated with more nosocomial deaths than is 
infection at any other site386—at least 50,000 deaths in 
U.S. centers annually—and increases hospital mortality at 
least twofold in affected individuals.385

Pathogenesis
In the normal nonsmoking host, multiple host defense 
mechanisms contribute to protection against pneumo-
nia.387 The respiratory tract above the vocal cords is nor-
mally heavily colonized by bacteria, but unless the person 
has chronic bronchitis or has had respiratory tract instru-
mentation, the lower respiratory tract is normally sterile; 
although healthy adults aspirate frequently during sleep, 
the lower airways and pulmonary parenchyma of healthy, 
nonsmoking persons without lung disease are remarkably 
free of microbial colonization.388 The major defense mech-
anisms include anatomic airway barriers, the cough refl ex, 
mucus,389 and mucociliary clearance.390 Below the termi-
nal bronchioles, the cellular and humoral immune systems 
are essential components of host defense.391 Alveolar 
macrophages and leukocytes remove particulate matter 
and potential pathogens, elaborate cytokines that activate 
the systemic cellular immune response and act as antigen-
presenting cells to the humoral arm of immunity.392 
Immunoglobulins and complement opsonize bacteria 
and bacterial products within the respiratory tract, assist-
ing phagocytosis.

In the mechanically ventilated patient, numerous factors 
conspire to compromise host defenses: Critical illness, 
comorbidities, and malnutrition impair the immune 
system.393,394 Endotracheal intubation thwarts the cough 
refl ex; compromises mucociliary clearance; injures the 
tracheal epithelial surface; and provides a direct conduit 
for bacteria from the mouth, hypopharynx, and stomach 
to gain direct access to the lower respiratory tract.395 
Moreover, the cuff of the endotracheal tube allows pooling 
of oropharyngeal secretions in the subglottic region, 
forming an ideal medium for microbial growth, which 
periodically leaks around the cuff into the trachea. It 
would probably be more accurate pathogenically to 
rename VAP as “endotracheal intubation–related pneu-
monia.” This combination of impaired host defenses and 
continuous exposure of the lower respiratory tract to large 
numbers of potential pathogens through the endotracheal 
tube puts the mechanically ventilated patient at great 
jeopardy of developing VAP.

In order for microorganisms to cause VAP, they must 
fi rst gain access to the normally sterile lower respiratory 
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tract, where they can adhere to the mucosa and produce 
sustained infection. Microorganisms gain access by one of 
four mechanisms (Fig. 51-10): (1) aspiration of microbe-
laden secretions, either from the oropharynx directly or, 
secondarily, by refl ux from the stomach into the orophar-
ynx, then into the lower respiratory tract396-398; (2) inhala-
tion of contaminated air or medical aerosols399; (3) direct 
extension of a contiguous infection such as a pleural space 
infection400; or (4) hematogenous carriage of microorgan-
isms to the lung from remote sites of local infection such 
as an IVD-related BSI.401

Although numerous epidemics of VAP have been 
caused by contaminated aerosols or medical respiratory 
devices,94,95,100 the preponderance of evidence suggests 
that most endemic VAPs derive from aspiration of oropha-
ryngeal organisms395,402:

■ The oropharynx of critically ill patients is rapidly colo-
nized with the pathogens that cause VAP, especially 
aerobic gram-negative and S. aureus.393

■ Studies in which multiple anatomic sites are cultured 
simultaneously over time have shown that the patho-
genic microorganisms implicated in VAP are usually 
fi rst recovered from the oropharynx and later from the 
tracheobronchial tree and stomach.396-398,403 Moreover, 
heavy oropharyngeal colonization is a powerful inde-
pendent predictor of subsequent tracheobronchial 
colonization and VAP.398

■ Reducing oropharyngeal colonization with topical 
antimicrobials and antiseptics has been shown to sig-
nifi cantly reduce the risk of VAP.404-407

By this route, aspiration of oropharyngeal contents 
containing a large microbial inoculum overwhelms host 
defenses already compromised by critical illness and the 

presence of an endotracheal tube, readily leading to the 
development of VAP.

Microbiology
Pathogens causing VAP may be part of the host’s endoge-
nous fl ora at the time of hospitalization or may be acquired 
exogenously after admission to the health care institution, 
from the hands, apparel or equipment of HCWs, hospital 
environment, and use of invasive devices (see Fig. 51-10). 
The normal fl ora of the oropharynx in the nonintubated 
patient without critical illness is composed predominantly 
of viridans streptococci, Haemophilus species, and anaer-
obes. Salivary fl ow and proteins (immunoglobulin, fi bro-
nectin) are the major host factors maintaining the normal 
fl ora of the mouth (and dental plaque). Aerobic gram-
negative bacilli are rarely recovered from the oral secre-
tions of healthy patients.408 During critical illness, 
especially in ICU patients, the oral fl ora shifts dramati-
cally to a predominance of aerobic gram-negative bacilli 
and S. aureus.393 Bacterial adherence to the orotracheal 
mucosa of the mechanically ventilated patient is assisted 
by reduced mucosal IgA and increased protease produc-
tion, exposed and denuded mucous membranes, elevated 
airway pH, increased numbers of airway receptors for 
bacteria because of acute illness, and antimicrobial use.

Early-onset VAP, which manifests within the fi rst 4 days 
of hospitalization, is most often caused by community-
acquired pathogens, such as S. pneumoniae and Hae-
mophilus species (Fig. 51-11).409 However, the microbial 
spectrum of VAP shifts to typical nosocomial pathogens 
with increasing lengths of mechanical ventilation and 
exposure to broad-spectrum antimicrobials (see Fig. 
51-11).409 That the preponderance of episodes of VAP 
have a late onset is supported by the fact that the most 

Table 51-14. Ventilator-Associated Pneumonia Rates*

 Percentile

Type of ICU No. of Units Ventilator-days Pooled Mean 10% 25% 50% (Median) 75% 90%

Coronary  59  76,145  4.4 0 1.9  4  6.8  9.8

Cardiothoracic  47  98,358  7.2 1.2 2.9  6.3 12.6 15.5

Medical  92 268,518  4.9 0.5 2.1  3.7  6.2  8.9

Major teaching  99 320,916  5.4 1.2 2.6  4.6  7.2  9.9

All others 109 351,705  5.1 1.7 2.9  5.1  6.7  8.9

Neurosurgical  29  45,073 11.2 0 2.4  6.2 13.5 16.8

Pediatric  52 133,995  2.9 0 0.9  2.3  4.8  8.1

Surgical  98 253,900  9.3 2.2 4.7  8.3 12.2 17.9

Trauma  22  63,137 15.2 4.3 8 11.4 16.6 25.3

Burn  14  23,117 12 — — — — —

Respiratory   6  18,838  4.9 — — — — —

 *Number of ventilator–associated pneumonias  
× 1000

Number of ventilator–days
ICU, intensive care unit.
From National Nosocomial Infections Surveillance System Report, Data Summary from January 1992 through June 2004. Available at: www.cdc.gov/
ncidod/dhqp/pdf/nnis/2004NNISreport.pdf (Accessed May 10, 2007)
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Figure 51-10. Routes of colonization/infection in mechanically ventilated patients. Colonization of the aerodigestive tract may 
occur endogenously (A and B) or exogenously (C through F). Exogenous colonization may result in primary colonization of 
the oropharynx or may be the result of direct inoculation into the lower respiratory tract during manipulations of respiratory 
equipment (D), during use of respiratory devices (E), or from contaminated aerosols (F). (From Crnich CJ, Safdar NS, Maki 
DG: The role of the intensive care environment in the pathogenesis and prevention of ventilator-associated pneumonia. Respir 
Care 2005;50:813-836.)

Streptococcus pneumoniae
Haemophilus influenzae

MSSA

Enteric GNB
Commensals

Multiple-Drug-Resistant
Pathogens

(Resistant GNB and MRSA)

Unusual and
Opportunistic Pathogens

< 2 days
“Very Early”

VAP

Up to 4-7 days
“Early” VAP

After 5-8 days
“Late” VAP

Periods of Risk by Duration of Mechanical Ventilation

> 15-30 days
“Very Late” VAP

Figure 51-11. Microbial causes of 
ventilator-associated pneumonia based on 
increasing length of mechanical ventilation. 
The relative importance of each microbial 
category is indicated by the thickness of 
the bars as they progress through each 
stage from left to right. GNB, gram-
negative bacilli; MRSA, methicillin-resistant 
S. aureus; MSSA, methicillin-susceptible S. 
aureus; VAP, ventilator-associated 
pneumonia. (From Park DR: The 
microbiology of ventilator-assisted 
pneumonia. Respir Care 2005;50:742-765.)

common pathogens recovered from mechanically venti-
lated patients with pneumonia are P. aeruginosa, S. 
aureus, and the Enterobacteriaceae (Fig. 51-12).409,410 VAP 
is polymicrobial in up to 20% to 40% of cases. The role 
of anaerobic bacteria in VAP is not well defi ned.

Diagnosis
Hospitals participating in the CDC’s National Nosocomial 
Infection Surveillance system (NNIS) use a standardized 

defi nition for HAP16 (see Box 51-1) on the basis of three 
clinical criteria developed empirically more than 3 decades 
ago411: (1) systemic signs of infection—fever, tachycardia, 
and leukocytosis; (2) a new or worsening infi ltrate on chest 
radiograph; and (3) bacteriologic evidence of infection from 
positive qualitative cultures of endotracheal aspirates. 
Unfortunately, even when used in combination, the specifi c-
ity of clinical criteria is poor, with an overall diagnostic 
accuracy of approximately 60% in published studies.412,413
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For this reason, most experts have advocated routine 
use of invasive procedures when VAP is suspected—bron-
choalveolar lavage (BAL), cultures of protected specimen 
brush (PSB) samples obtained by bronchoscopy, or blind 
(mini)-BAL, on the grounds that these diagnostic tech-
niques have comparable sensitivity, greater specifi city, and 
superior accuracy than clinical criteria alone.410,414-417 
Whether more rigorous clinical criteria such as the clinical 
pneumonia infection score (CPIS),418 for example, or the 
use of quantitative cultures of endotracheal aspirates 
improve diagnostic accuracy without the need for invasive 
procedures is an unsettled issue.419

Although invasive procedures—BAL, PSB, and mini-
BAL—are clearly more specifi c than clinical criteria, their 
impact on patient outcomes is much less clear.420,421 Fagon 
and colleagues420 found that patients with suspected VAP 
who were managed using an invasive diagnostic approach—
bronchoscopic-guided PSB or BAL—had a signifi cantly 
reduced 14-day mortality, reduced antibiotic-days, and 
reduced 28-day mortality on multivariate analysis, com-
pared with patients managed using a clinical diagnostic 
approach (HR = 0.65, 95% CI = 0.46 to 0.91, P = .01).420 
Recently, however, Heyland and colleagues421 found 
in a large multicenter Canadian trial that 28-day 
mortality and targeted antimicrobial use was identical 
among patients randomized to an invasive versus a 
clinical diagnostic approach. This study has been criticized 
for its exclusion of subjects at high risk for infection 
with antimicrobial-resistant pathogens.422 In the absence 
of defi nitive data demonstrating the superiority of 
either approach, the recent American Thoracic Society–
Society of Critical Care Medicine–Infectious Disease 
Society of America joint guideline acknowledges that 
both diagnostic approaches are useful and acceptable 
when evaluating patients with suspected VAP. This puts 
great weight on an initial Gram stain of a deep tracheal 
aspirate, however, if no microorganisms are seen, it can 

be concluded that it is unlikely the patient has bacterial 
VAP.383

Risk Factors
A number of independent risk factors have been shown 
to increase the likelihood of developing VAP (Table 
51-15).131,410 In general, these risk factors can be catego-
rized as (1) factors that increase the likelihood or duration 
of mechanical ventilation, (2) factors that increase coloni-
zation of the oropharynx and gastric mucosa, (3) factors 
that increase the likelihood of aspiration, and (4) host 
factors that increase susceptibility to infection.

Prolonged mechanical ventilation or reintubation, or 
both, are the most powerful predictors of developing VAP. 
Cunnion and colleagues423 found that mechanical venti-
lation in excess of 24 hours was associated with a 12-
fold increased risk of developing VAP, and Trouillet found 
that ventilation longer than 7 days was associated with 
a sixfold increased risk.424 Emergent reintubation also 
carries a high risk of aspiration and was associated with 
a sixfold increased risk of VAP in a retrospective 
study.425

Poor dental hygiene increases the bacterial burden in 
the oropharynx and is an independent risk factor for 
nosocomial pneumonia.426 Likewise, a high gastric pH 
(>5) is associated with greatly increased bacterial coloni-
zation of the gastric contents,427 as well as an increased 
risk of VAP.428 A number of studies have found that expo-
sure to antacids or H2-blockers is associated with an 
increased risk of VAP,53 although this has not been a uni-
versal fi nding.429

Depressed levels of consciousness, nasogastric tubes, 
and endotracheal tubes are ubiquitous in the ICU and all 
increase a patient’s risk of aspiration. That an altered level 
of cognition is associated with an increased risk of aspira-
tion is supported by surveillance data showing increased 
rates of VAP in trauma and neurosurgical ICUs.133 Joshi 

Enterobacteriaceae 14%

Pseudomonas aeruginosa 24%

Escherichia coli 3%

Citrobacter species 1%
Hafnia alvei 0.4%

Proteus species 3%

Enterobacter species 3%

Serratia marcescans 2%

Coagulase-negative staphylococci 1%

Neisseria species 3%

Staphylococcus
aureus 20%

Haemophilus
species 10%

Streptococcus
species 8%

Acinetobacter
species 8%

Other 4%

Anaerobes 1%

Fungi 1% Klebsiella species 2%

Streptococcus pneumoniae 4%

Stenotrophomonas 2%

Figure 51-12. Microbial etiology of ventilator-associated pneumonia. The relative proportions of microbial causes of ventilator-
associated pneumonia from 1689 bronchoscopically confi rmed cases involving 2490 individual isolates reported in 24 published 
studies. (From Park DR: The microbiology of ventilator-assisted pneumonia. Respir Care 2005;50:742-765.)
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and colleagues430 found that the use of a nasogastric tube 
was an independent predictor of VAP in a multivariate 
analysis (OR 6.5, 95% CI 2.1 to 19.8). Finally, as noted, 
endotracheal tubes allow pooling of hypopharyngeal 
secretions that can leak around the cuff directly into the 
trachea, and a supine position appears to increase the risk 
of aspiration around the cuff.431

Host factors also contribute to an increased risk of 
developing VAP (see Table 51-15). Conditions such as 
advanced age, increased severity of illness, and the post-
surgical state are rarely modifi able. However, poor nutri-
tional status,397 oversedation,432 transfusion therapy,433 
and exposure to broad-spectrum antimicrobials424 are 
associated with an increased risk of VAP and are under 
the control of the clinician.

Prevention
With an understanding of pathogenesis and epidemiology 
in hand, clinicians caring for mechanically ventilated 
patients can implement preventive strategies that can 
materially reduce the risk of VAP (Table 51-16). Both the 
CDC HICPAC and Canadian Critical Care Trials Group 
offer evidence-based guidelines for the prevention of 
VAP.131,434 Their recommendations are very similar, with 
minor differences. The Canadian guideline focuses 
exclusively on specifi c interventions for the prevention of 
VAP,434 whereas the HICPAC guideline incorporates 
additional guidance for the prevention of nosocomial 
infl uenza, legionellosis, and invasive fi lamentous fungal 
infections in the hospital.131 Recommendations from 
both guidelines can be divided into general, nonpharma-
cologic, and pharmacologic preventive measures (see 
Table 51-16).435 The general measures employed to 
reduce VAP including education, infection control, hand 
hygiene, and reliable disinfection and sterilization of 
respiratory care equipment are discussed elsewhere in this 
chapter.

Nonpharmacologic Preventive Measures
Avoiding prolonged intubation and reintubation—if 
avoiding intubation altogether is not feasible—offers the 

greatest promise for reducing an individual patient’s risk 
of developing VAP.425 The use of noninvasive ventilation 
in order to avoid endotracheal intubation has been shown 
to be successful in reducing rates of nosocomial pneu-
monia in a number of studies436,437 and may abrogate the 
need for reintubation in selected patients who prema-
turely extubate themselves.131 The implementation of 
weaning protocols has also been shown to signifi cantly 
reduce the duration of mechanical ventilation,438,439 health 
care costs,438,439 and institutional rates of VAP.440,441 Early 
tracheostomy—within 1 week of intubation—has been 
advocated as a method for reducing the risk of VAP in 
patients likely to require prolonged mechanical ventila-
tion. However, randomized trials, admittedly of limited 
power, have not found signifi cant benefi t with this 
approach442 and early tracheostomy is not currently rec-
ommended by most authorities.131,434

As noted earlier, supine positioning of the mechanically 
ventilated patient’s head has been shown to increase the 
risk of gastro-esophageal-pharyngeal aspiration.431 A 
simple solution to this threat is to elevate the head of the 
patient’s bed 35 to 45 degrees. Drakulovic and col-
leagues443 found that patients whose torso and head were 
kept elevated at 45 degrees had much lower rates of 
microbiologically confi rmed pneumonia compared with 
patients cared for in a 0-degree supine position (5% 
versus 23%, P = .018).443 In reality, maintaining elevation 
of the head in excess of 45 degrees on a consistent basis 
is actually quite diffi cult and uncommonly achieved in 
practice. A recent randomized study that sought to main-
tain head elevation above 45 degrees for 85% of the study 
period found that head elevation in the intervention arm 
only averaged 28.1 degrees.444 Perhaps as a result of 
failure to successfully achieve adequate elevation, no 
reductions in the rate of VAP were seen.

Although data on the effect that comprehensive oral 
care has on risk of infection are limited,445 maintaining 
adequate dental hygiene is considered an important com-
ponent of VAP prevention.131 Binkley and colleagues446 
found that although a majority of nurses caring for patients 
undergoing mechanical ventilation appreciated the 

Table 51-15. Independent Risk Factors for Ventilator-Associated Pneumonia in Multivariate Analysis of Published Studies

Host Factors Intervention Factors

Serum albumin, <2.2  g/dL H2 blockers ± antacids
Age, ≥60  yr Paralytic agents, continuous intravenous sedation
Adult respiratory distress syndrome (ARDS) Receipt of >4 units of blood
Chronic obstructive pulmonary disease or other chronic pulmonary diseases Intracranial pressure monitoring
Coma or impaired consciousness Mechanical ventilation in excess of 48  hr
Burns, trauma Positive end-expiratory pressure
Organ failure Frequent ventilator circuit changes
Advanced severity of illness Reintubation
Large-volume gastric aspiration Nasogastric tube
Gastric colonization and gastric pH Supine head position
Upper respiratory tract colonization Transport out of the intensive care unit
Sinusitis Prior antibiotic therapy

Modifi ed from Chastre J, Fagon JY: Ventilator-associated pneumonia. Am J Resp Crit Care Med 2002;165:867-903.
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Table 51-16. Recommendations for the Prevention of Ventilator-Associated Pneumonia

Preventive Measures HICPAC Grade* CCCTG Recommendation

General Measures
■ Educate all health care workers involved with the care of mechanically  IA —
 ventilated patients on the risks and methods of preventing 
 ventilator-associated pneumonia
■ Perform adequate hand hygiene between patient contacts IA —
■ Use gloves for handling respiratory secretions or objects contaminated  IB —
 with respiratory secretions
■ Conduct surveillance for bacterial pneumonia in ICU patients using NNIS  IB —
 defi nitions. Include data on causative organisms and their antimicrobial 
 susceptibility patterns. Express data as rates to assist intrahospital 
 comparisons
■ Do not routinely perform cultures of patients, equipment, or environment  II —
 in the absence of an outbreak
■ Thoroughly clean all devices to be sterilized and disinfected IA —
■ Use steam sterilization or wet heat pasteurization for reprocessing of  IA —
 heat-stable semicritical devices and low-temperature sterilization for heat- 
 or moisture-sensitive devices
■ Use sterile water for rinsing reusable semicritical devices IB —
■ Change ventilator circuit only when they become soiled IA Recommended
■ Periodically drain and discard condensate from ventilator circuits IB —
■ Clean, disinfect, rinse with sterile water, and dry in-line nebulizers between  IB —
 treatments on the same patient
■ When possible, use aerosolized medications in single-use vials IB —

Nonpharmacologic Measures to Reduce Pneumonia
■ Oral (non-nasal) intubation IB Recommended
■ Remove nasogastric and endotracheal tubes as soon as clinically feasible IB —
■ Avoid unnecessary reintubation II —
■ When feasible, use noninvasive ventilation to avoid the need for intubation  II —
 or reintubation
■ Early tracheostomy — No recommendation
■ Semirecumbent positioning of the patient II Recommended
■ Implement a comprehensive oral-hygiene program for mechanically  II —
 ventilated patients
■ If feasible, use an endotracheal catheter that allows for continuous or  II Consider
 frequent subglottic suctioning
■ Humidifi cation with heat and moisture exchanger (HME) NR Recommended†

■ Closed multiuse catheters for airway secretion suctioning NR Recommended
■ Kinetic bed therapy NR Consider

Pharmacologic Measure to Reduce Pneumonia
■ Immunize all patients at risk for pneumococcal infection IA —
■ Immunize all patients at risk for infl uenza IA —
■ Routine use of chlorhexidine oral rinse NR —
■ Targeted use of chlorhexidine oral rinse in postcardiac surgery patients II —
■ Oral decontamination with topical antimicrobial agents NR —
■ Preferential use of sucralfate for stress bleeding prophylaxis NR Not recommended
■ Selective digestive decontamination NR Not recommended‡

■ Acidifi cation of gastric feedings NR —
■ Systemic antimicrobials to prevent development of pneumonia NR Not recommended‡

■ Cycling of antibiotic classes to reduce resistance in the ICU NR —

*Taken from CDC/HICPAC system of weighting recommendations based on scientifi c evidence. IA, strongly recommended for implementation and 
supported by well-designed experimental, clinical, or epidemiological studies. IB, strongly recommended for implementation and supported by 
some experimental, clinical, or epidemiological studies and a strong theoretical rationale. IC, required by state or federal regulations, rules or 
standards. II, suggested for implementation and supported by suggestive clinical or epidemiological trials or a theoretical rationale. Unresolved 
issue, an unresolved issue for which evidence is insuffi cient or no consensus regarding effi cacy exists. NR, no recommendation for or against at this 
time.
†Recommended in patients without hemoptysis or high minute ventilation. Exchanger should be replaced weekly.
‡Topical or systemic antimicrobial agents alone are not recommended. Insuffi cient evidence on antibiotic resistance and cost-effectiveness exists to 
recommend combination topical and systemic therapy.
CCCTG, Canadian Critical Care Trials Group; HICPAC, Healthcare Infection Control Practices Advisory Committee.
Modifi ed from Tablan OC, Anderson LJ, Besser R, et al: Guidelines for preventing health-care-associated pneumonia, 2003: Recommendations of 
CDC and the Healthcare Infection Control Practices Advisory Committee. MMWR Recomm Rep 2004;53(RR-3):1-36 and Dodek P, Keenan S, Cook 
D, et al: Evidence-based clinical practice guideline for the prevention of ventilator-associated pneumonia. Ann Intern Med 2004;141:305-313.
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importance of dental hygiene, the methods used to 
provide this varied considerably. Until more data are 
available on specifi c dental hygienic practices, it is recom-
mended that mechanically ventilated patients have their 
teeth brushed daily, undergo oral cleansing every 2 to 4 
hours, undergo routine suctioning to reduce accumulation 
of fl uids in the oropharynx, and have a mouth moisturizer 
applied to their lips to prevent cracking.447 The periodic 
instillation of a topical oral antiseptic solution is an addi-
tional promising intervention447 and is discussed under 
pharmacologic preventive measures later.

The use of a modifi ed endotracheal tube that has a 
separate ventral drainage tube for continuous or intermit-
tent suctioning of subglottic secretions has been evaluated 
in a number of studies.448,449 Subglottic suctioning reduced 
the rate of VAP signifi cantly in all but one of these 
studies.449 However, in this latter study, the time to onset 
of VAP was delayed signifi cantly (5.9 days versus 2.9 days, 
P= .006),449 and recent evidence-based guidelines have 
recommended the use of endotracheal tubes that allow 
for suctioning of subglottic secretions.131,434 Nevertheless, 
the use of an endotracheal tube that allows for subglottic 
suctioning did not reduce the duration of mechanical ven-
tilation or ICU mortality in the studies done, which, 
coupled with the increased cost of the tube and propen-
sity of the suction lumen to occlude, has limited wider 
adoption of this technology in practice.450

The evidence that heat and moisture exchangers (HMEs) 
are associated with a reduced risk of VAP is mixed. Only 
one of six published trials found a statistically signifi cant 
reduction in VAP with use of HMEs (RR 0.41, 95% CI 
0.20 to 0.86, P= .02).451 However, pooling data from a 
recent systematic review452 and a subsequently published 
randomized trial453 shows that HMEs reduce the risk of 
VAP by 38% (RR 0.62, 95% CI 0.43 to 0.89, P= .012). 
The use of HMEs has been recommended by authors of 
a systematic review454 and is currently recommended by 
the Canadian Critical Care Trials Group.434 However, 
HICPAC made no recommendation for the use of HMEs 
because fi ve of six published trials failed to demonstrate 
a statistically signifi cant reduction in the rate of VAP.131

Heat exchange moisturizers become readily occluded in 
patients with airway hemorrhage and can increase airway 
resistance. As a result, they should not be used in patients 
with hemoptysis or those requiring a high-minute ventila-
tion.434 Finally, the membranes of HMEs can become colo-
nized with bacteria and should be replaced weekly, 
according to current guidelines.434

The availability of in-line multiuse suction catheters 
abrogates the need to open and manipulate the endotra-
cheal circuit, theoretically reducing the risk of exogenous 
contamination.455 Despite their theoretical benefi t, pro-
spective studies have not consistently showed that in-line 
suction catheters are associated with a reduced risk of 
VAP.456-458 Although in-line suction catheters do not appear 
to increase the risk of VAP, they are more time effi cient 
for nursing personnel and respiratory therapists, and are 
more cost effective than open suction catheters.434 Kollef 
and colleagues459 found that rates of VAP were identical 

in patients randomized to as-needed changes of their in-
line suction catheter versus those who had their catheter 
changed every 24 hours (14.7% versus 14.8%). As a 
result, there is no compelling evidence that in-line suction 
catheters should be periodically changed, unless clinically 
indicated.

Pharmacologic Preventive Measures
Antacids and H2-blockers have been used extensively in 
the ICU setting to prevent stress ulcer bleeding but have 
been associated with an increased risk of developing of 
VAP because they lead to bacterial overgrowth of the 
gastric contents.53 Sucralfate prevents stress ulcer bleeding 
without reducing gastric pH but is more diffi cult to admin-
ister and is less effective than acid-reducing agents.429 The 
results of clinical trials examining these two competing 
strategies for preventing gastrointestinal hemorrhage in 
the ICU have been mixed, with earlier trials favoring the 
use of sucralfate.53 However, more recently published 
trials suggest only a small incremental increased risk of 
VAP with H2-blockers429,460,461 and most experts feel that 
this risk is more than offset by their superior capacity to 
prevent stress ulcer bleeding.131,434

Selective digestive decontamination (SDD) is one of 
the most extensively studied preventive interventions in 
critical care medicine, yet the role for SDD continues to 
generate vigorous debate as to its overall benefi t.462,463

A more detailed discussion on the risks and benefi ts 
of this intervention is provided later in this chapter. 
Most U.S. experts believe that SDD has the potential to 
increase infection caused by multiresistant bacteria, 
particularly in settings with high rates of endemic 
antimicrobial resistance.464,465 Until well-designed multi-
center trials are done, proving that SDD does not adversely 
effect the ICU ecology, it is likely that North 
American guidelines will continue to discourage its 
use.131,434

The isolated use of parenteral antimicrobials for pre-
vention of VAP has not met with much success,464 but 
selective antimicrobial decontamination of the orophar-
ynx, without the use of enteral or systemic agents, reduced 
the risk of VAP nearly 70% (RR = 0.33, 95% CI 0.16 
to 0.67, P= .001) in a recent trial.405 This study re-
emphasized the primary role of oropharyngeal coloniza-
tion in the pathogenesis of VAP but engenders the same 
concerns as SDD over its potential for promoting antimi-
crobial resistance. However, it has facilitated the idea that 
topical decolonization of the oropharynx with nonanti-
microbial agents might be able to materially reduce the 
risk of VAP without the potential for emergence of anti-
microbial resistance. A recent meta-analysis of seven ran-
domized trials that enrolled 914 mechanically ventilated 
patients found that topical chlorhexidine applied to the 
oropharynx reduced the risk of VAP by nearly 30% 
(RR= 0.74, 95% CI 0.56 to 0.96, P= .02), although there 
was no signifi cant impact on mortality.407 The benefi cial 
effects of chlorhexidine appear to be most pronounced 
in post–cardiac surgery patients,466,467 prompting HICPAC 
to recommend its use in this subpopulation.131
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Catheter-Associated Urinary 
Tract Infection
Incidence and Impact
Each year, urinary catheters are inserted in more than 5 
million patients in acute-care hospitals and extended-care 
facilities.468 Catheter-associated urinary tract infection 
(CAUTI) is the most common nosocomial infection in 
hospitals and nursing homes, comprising more than 40% 
of all institutionally acquired infections.133

Nosocomial bacteriuria or candiduria develops in up to 
25% of patients requiring a urinary catheter for more 
than 7 days, with a daily risk of 5%.468 CAUTI is the 
second most common cause of nosocomial bloodstream 
infection469; some studies have also found increased mor-
tality associated with CAUTI.470 Although most CAUTIs 
are asymptomatic,471 rarely extend hospitalization, and 
add only $500 to $1000 to the direct costs of acute-care 
hospitalization,472 asymptomatic infections commonly 
precipitate unnecessary antimicrobial-drug therapy.473 
CAUTIs comprise perhaps the largest institutional reser-
voir of nosocomial antibiotic-resistant pathogens, the 
most important of which are multidrug-resistant Entero-
bacteriaceae other than Escherichia coli such as Klebsi-
ella, Enterobacter, Proteus, and Citrobacter; Pseudomonas 
aeruginosa; enterococci and staphylococci; and Candida 
spp.474

Pathogenesis
Excluding rare hematogenously derived pyelonephritis, 
caused almost exclusively by S. aureus, most microorgan-
isms causing endemic CAUTI derive from the patient’s 
own colonic and perineal fl ora or from the hands of health 
care personnel and gain access to the patient’s urinary 
tract during catheter insertion or manipulation of the col-
lection system.260 Organisms gain access in one of two 
ways. Extraluminal contamination may occur early, by 
direct inoculation when the catheter is inserted, or later, 
by organisms ascending from the perineum by capillary 
action in the thin mucous fi lm between the external cath-
eter surface and the urethral wall. Intraluminal contami-
nation occurs by refl ux of microorganisms gaining access 
to the catheter lumen from failure of closed drainage or 
contamination of urine in the collection bag. Recent 
studies suggest that CAUTIs most frequently stem from 
microorganisms gaining access to the bladder extralumi-
nally,475 but both routes are important.

Most infected urinary catheters are covered by a thick 
biofi lm containing the infecting microorganisms embed-
ded in a matrix of host proteins and microbial exoglyco-
calyx.476 A biofi lm forms on the intraluminal or extraluminal 
surface of the implanted catheter, or both, usually advanc-
ing in a retrograde fashion. The role of the biofi lm in the 
pathogenesis of CAUTI has not been established. However, 
anti-infective–impregnated and silver-hydrogel catheters, 
which inhibit adherence of microorganisms to the catheter 
surface, signifi cantly reduce the risk of CAUTI,477 particu-
larly infections caused by gram-positive organisms or 
yeasts, which are most likely to be acquired extralumi-

nally from the periurethral fl ora. These data suggest that 
microbial adherence to the catheter surface is important 
in the pathogenesis of many, but not all, CAUTIs. Infec-
tions in which the biofi lm does not play a pathogenic role 
are probably caused by mass transport of intraluminal 
contaminants into the bladder by retrograde refl ux of 
microbe-laden urine when a catheter or collection system 
is moved or manipulated.

Prevention
Several catheter-care practices are universally recom-
mended to prevent or at least delay the onset of CAUTI260: 
most importantly, avoiding unnecessary catheterizations; 
considering using a condom catheter in a male or a 
suprapubic catheter; having trained professionals insert 
catheters aseptically; removing the catheter as soon as no 
longer needed; maintaining uncompromising closed 
drainage; ensuring dependent drainage as much as possi-
ble; minimizing manipulations of the system; and separat-
ing catheterized patients geographically on the patient 
care unit.

As noted earlier, technologic innovations to prevent 
nosocomial infection are most likely to be effective if they 
are based on a clear understanding of the pathogenesis 
and epidemiology of the infection. Novel technologies 
must be designed to block CAUTI by either the extra-
luminal or intraluminal routes, or both. Medicated cathe-
ters, which reduce adherence of microorganisms to the 
catheter surface, may confer the greatest benefi t for pre-
venting CAUTI. Two catheters impregnated with anti-
infective solutions have been studied in randomized 
trials, one impregnated with the urinary antiseptic nitro-
furazone478 and the other with a new broad-spectrum 
antimicrobial-drug combination, minocycline and 
rifampin.479 Both catheters showed a modest reduction in 
bacterial CAUTIs; however, the studies were small, and 
the risk of selection of antimicrobial drug–resistant uro-
pathogens was not satisfactorily resolved. Silver com-
pounds have also been studied for coating urinary 
catheters. A meta-analysis of eight randomized trials com-
paring silver oxide or silver alloy catheters with standard 
nonimpregnated catheters found that silver alloy, but not 
silver oxide, catheters were associated with a reduced risk 
of CAUTI.480 Recommendations for the prevention of 
CAUTI are summarized in Table 51-17.

Control of Antibiotic Resistance
During the past 55 years, more than 14 different classes 
of parenteral antimicrobials and several hundred anti-
microbial compounds have been introduced into clinical 
use. In the 1960s, public health offi cials confi dently 
declared that the war against infectious diseases was 
almost over. Unfortunately, it is not clear which side will 
be victorious. Although the greatest strides in our strug-
gles with infectious diseases have resulted from improve-
ments in hygiene and social conditions, the growing losses 
of our antibiotic armamentarium as a result of surging 
bacterial resistance could ultimately be disastrous for ICU 
patients if the tide is not stemmed.
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Evolution of Antibiotic Resistance in 
Intensive Care Units
Antimicrobial resistance has evolved through several 
phases. In the 1970s and 1980s, resistance of aerobic 
gram-negative bacilli was the major concern, and P. aeru-
ginosa, with its broad range of intrinsic and acquired 
resistances, was the quintessential nosocomial pathogen. 
By the 1990s, the availability of antibiotics from a variety 
of distinct classes—aminoglycosides, broad-spectrum 
penicillins (e.g., piperacillin), monobactams (e.g., aztreo-
nam), carbapenems (e.g., imipenem), β-lactam–beta-

lactamase inhibitors (e.g., piperacillin-tazobactam), 
trimethoprim-sulfamethoxazole, and fl uoroquinolones—
promised a respite from concerns about resistance in 
aerobic gram–negative bacilli. During this period, 
however, gram-positive cocci gained prominence, and 
MRSA β-lactam–resistant coagulase-negative staphylo-
cocci and VRE became the major problem nosocomial 
pathogens. Antibiotic pressure, deriving fi rst from the 
widespread use of third-generation cephalosporin antibi-
otics in hospitals, is often cited as a major factor in the 
emergence of MRSA. Co-emerging as nosocomial patho-
gens with MRSA have been methicillin-resistant coagu-
lase-negative staphylococci, which have become the 
leading cause of IVD-related BSI and prosthesis-related 
surgical site infections.

In the early 1990s VRE burst onto the hospital and ICU 
scene in the United States and within a few years became 
entrenched in most tertiary medical centers. Heavy use 
of vancomycin, often as empiric treatment in response to 
concerns about MRSA, was probably the initial factor 
driving the emergence of VRE. In most settings, however, 
exposure to cephalosporins and antimicrobials with 
antianaerobic activity have emerged as the greatest 
risk factors for nosocomial colonization or infection by 
VRE. The mid-1990s witnessed growing problems with 
resistance in fungi and shifts to non–Candida albicans
species, representing the effects of heavy empirical 
use of azoles such as fl uconazole in hospitals during this 
period.

The ICU component of the CDC’s NNIS system power-
fully reaffi rms the rapidly rising rates of bacterial resis-
tance in U.S. ICUs during the past 20 years (see Fig. 
51-2).133

Forces Driving Resistance
To a large extent, emergence of antimicrobial resistance 
refl ects the combined effects of genetic selection, anti-
biotic pressures, and the frequency of cross-infection in 
ICUs. For some resistance mechanisms (e.g., extended-
spectrum β-lactamases [ESBLs] that confer resistance to 
third-generation cephalosporins such as ceftazidime), a 
shift of single amino acid in existing resistance genes can 
lead to new, inactivating enzymes. For other resistant 
bacteria, such as penicillin-resistant pneumococci, 
multiple resistance genes must be cobbled together in a 
specifi c, exacting sequence, which may take years to 
evolve, emerge, and spread.

Antibiotic pressures provide the necessary Darwinian 
forces that amplify these genetic changes.481 Usually, resis-
tance emerges to a specifi c agent that is used most heavily 
and, hence, provides the greatest pressure. In some 
instances, genetic linkage of resistance mechanisms to 
unrelated classes of antimicrobials results in the capacity 
of heavy use of one drug class to select for resistance 
to a different class. For example, use of trimethoprim-
sulfamethoxazole has been associated statistically with 
emergence of ceftazidime-resistant E. coli and K.
pneumoniae as a result of linkage on a single plasmid of 
genes that encode production of ESBLs and trimethoprim-
sulfamethoxazole resistance. A large proportion of 

Table 51-17. Recommendations for Prevention of 
Catheter-Associated Urinary Tract Infection

  Strength of
Recommendation Recommendation*

■ Educate personnel in correct  I
 techniques of catheter insertion 
 and care.

■ Catheterize only when necessary. I

■ Emphasize hand hygiene. I

■ Insert catheter using aseptic  I
 technique and sterile equipment.

■ Secure catheter properly. I

■ Maintain closed sterile drainage. I

■ Obtain urine samples aseptically. I

■ Maintain unobstructed urine fl ow. I

■ Periodically re-educate personnel in  II
 catheter care.

■ Use smallest suitable bore catheter. II

■ Avoid irrigation unless needed to  II
 prevent or relieve obstruction.

■ Refrain from daily meatal care with  II
 either of the regimens discussed 
 in text.

■ Do not change catheters at  II
 arbitrary fi xed intervals.

■ Consider alternative techniques of  III
 urinary drainage before using an 
 indwelling urethral catheter.

■ Replace the collecting system when  III
 sterile closed drainage has been 
 violated.

■ Spatially separate infected and III
 uninfected patients with indwelling 
 catheters.

■ Avoid routine bacteriologic  III
 monitoring.

■ Consider the use of a  NR**
 nitrofurantoin or silver hydrogel 
 catheter.

*Novel technology was not addressed in this guideline.
Category I, strongly recommended for adoption; Category II, 
moderately recommended for adoption; Category III, weakly 
recommended for adoption.
Modifi ed from Wong ES: Guideline for prevention of catheter-
associated urinary tract infections. Am J Infect Control 1983;11:28-36.
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extended-spectrum β-lactamase producing gramnegative 
bacilli are also resistant to fl uoroquinolones.482,483

In epidemiologic and clinical studies of antibiotic resis-
tance, there is always a proportion of patients in whom 
resistance is found without exposure to the problem anti-
biotic. These patients usually have other important risk 
factors, such as increased severity of underlying disease, 
extremes of age, presence of invasive devices, recent 
surgery, or proximity to patients who are infected or colo-
nized with antibiotic-resistant bacteria. In these cases the 
presence of antibiotic-resistant strains is most often 
the consequence of patient-to-patient spread, usually on 
the contaminated hands of HCWs; occasionally, spread 
results from a contaminated common source, such as an 
inadequately cleaned piece of equipment. Studies of 
HCW hand hygiene show that rates of handwashing 
between patient contacts range from 25% to 50%, at best, 
and are inadequate to control resistance, especially in 
ICUs, where the staff are extremely busy and less likely 
to be attentive to hand hygiene.165

Controlling Antimicrobial Resistance in the 
Intensive Care Unit
Stemming the tide of antimicrobial resistance requires 
a multifaceted approach (see Box 51-3), especially in 
ICUs, where antibiotic pressures and lapses in hospital 
hygiene are usually greatest. First, active surveillance for 
resistant bacteria is essential to provide an understanding 
of local problems and needs. To support surveillance and 
treatment, cultures must be obtained from suspected sites 
of infection before empiric antibiotic therapy is initiated. 
The benefi t of routine surveillance cultures (e.g., periodic 
cultures of sputum specimens or rectal swabs) for assess-
ing rates of colonization by resistant bacteria in ICUs will 
depend on how such cultures are used.

Second, when rates of resistance begin to increase, 
molecular typing, such as by pulsed-fi eld gel electropho-
resis, can differentiate spread of a single strain (clonal 
expansion)—which suggests person-to-person or common 
source transmission—from spread of multiple strains 
(polyclonal expansion), which suggests emergence of 
resistance in individual patients as a result of antibiotic 
pressures or exogenous introduction of multiple resis-
tant strains. Often, these problems—clonal and 
polyclonal—coexist.

Third, the importance of hand hygiene must be stressed 
at all times. Aggressive hand hygiene campaigns, with 
adherence monitoring and feedback of ward and even 
individual results, may achieve compliance rates as high 
as 70%. For some situations (e.g., when there is a large 
resistance iceberg and extensive patient colonization by 
antibiotic resistant bacteria), these levels of adherence 
may not be suffi cient to control cross-infection. Response 
to this problem has been to encourage “universal gloving,” 
in addition to wider use of alcohol-based hand rubs (a 
“belt-and-suspender” approach) to bridge the gap left by 
incomplete attention to hand hygiene even in the best of 
circumstances. Use of universal gloving has been success-
ful in controlling spread of aminoglycoside-resistant 
gram-negative bacilli in ICUs and C. diffi cile-related diar-

rhea.224,241 Because patients’ intact skin and the environ-
ment in patient rooms may be a source of resistant 
bacteria, such as VRE, we recommend that disposable 
examination gloves be worn for all contact with ICU 
patients or their environment. Because gloves are not a 
total barrier, they must be removed and hands disinfected 
by an alcohol hand rub between patient contacts.

Fourth, antimicrobial stewardship is essential (see Table 
51-18).253 The primary goal of antimicrobial stewardship 
is to optimize clinical outcomes while minimizing unin-
tended consequences of antimicrobial use such as toxicity, 
emergence of resistance, and C. diffi cile-associated diar-
rhea. Because antimicrobial use drives antimicrobial resis-
tance, the frequency of inappropriate antimicrobial use 
can be used as a surrogate marker for antimicrobial resis-
tance. Both antimicrobial stewardship and a comprehen-
sive infection control program are essential to limiting the 
emergence and transmission of antimicrobial-resistant 
pathogens. Most studies assessing the utility of antimicro-
bial stewardship have focused on adults in ICUs, where 
the burden of antimicrobial resistance is greatest.

A comprehensive evidence-based stewardship program 
to combat antimicrobial resistance is typically a multi-
faceted, multidisciplinary program; the size and complex-
ity of the management team and the specifi c measures 
applied to optimize prescribing vary on the basis of local 
antimicrobial use patterns, resistance trends, and available 
resources. The two core strategies that provide the founda-
tion for a successful antimicrobial stewardship program are 
(1) prospective audits, with intervention and feedback; 
and (2) formulary restriction and preauthorization.253

Several studies have shown that prospective audits of 
antimicrobial use with intervention and feedback are an 
effective means of reducing inappropriate antimicrobial 
use.484,485 In a randomized trial conducted at a 600-bed 
tertiary teaching hospital, inpatients receiving parenteral 
antimicrobial therapy were randomized to an intervention 
group that received suggestions for optimal antimicrobial 
use from an infectious diseases physician or to no inter-
ventions. Physicians in the intervention group imple-
mented 85% of the suggestions they received, which 
resulted in 1.6 fewer days of parenteral therapy and $400 
savings per patient. Similar results have been noted in 
trials undertaken in community hospitals.484 If daily 
review of antimicrobial use is not feasible, review of anti-
microbial usage 3 days a week may still have a signifi cant 
impact. Effective audit with intervention and feedback 
can be undertaken most easily with automated computer 
surveillance of antimicrobial use, allowing the targeting of 
specifi c units where the problems are greatest.

Formulary restriction and preauthorization require-
ments for specifi c agents are now common in most hospi-
tals. Antimicrobial restriction is unequivocally the most 
effective method of controlling antimicrobial use.486,487 
However, it is unclear whether antimicrobial restriction 
achieves the more important outcome, reducing anti-
microbial resistance. Several studies of outbreaks of C. 
diffi cile-associated diarrhea have shown abrupt cessation 
of the outbreak following restriction (and greatly reduced 
use) of one or more key antimicrobials such as clindamy-
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cin or third-generation cephalosporins.486 However, other 
studies have documented inexorably rising resistance 
rates in nosocomial pathogens despite a rigorous program 
of antimicrobial restriction.488 One explanation for this 
increase in resistance may be the compensatory increase 
in usage of broad-spectrum antimicrobials other than the 
restricted agent, thus counteracting any benefi t of restric-
tion. Furthermore, restricting use of a single drug to 
reduce antimicrobial resistance may be ineffective because 
cross-resistance in bacterial species to more than one class 
of antimicrobials is the rule in nosocomial organisms.

One or both of the core strategies should be adopted 
and supplemented by close collaboration among a core 
antimicrobial stewardship team, infection control person-
nel, health care providers, and hospital administration.

Beyond the two major mechanisms of antimicrobial 
stewardship mentioned earlier, other elements that 
should be incorporated into an institutional antimicrobial 
stewardship program include education of health care 
pro-viders; however, passive educational efforts such 
as conference presentations, teaching sessions, and 
provision of guidelines are only marginally effective 
in the absence of other active interventions.489 
Clinical practice guidelines are being introduced with 
increasing frequency; however, the impact of these 
guidelines on provider behavior and clinical outcomes has 
been diffi cult to measure. Guidelines tailored to local 
antimicrobial resistance patterns and antimicrobial use 
trends may have more impact than a generic clinical 
pathway.

Table 51-18. Recommendations for Developing an Institutional Program to Enhance Antimicrobial Stewardship

Recommendation Level of Evidence

■ Create a multidisciplinary antimicrobial stewardship team, including an infectious disease physician  A-II
 and a clnical pharmacist with infectious disease training

■ Include, if possible, a clinical microbiologist, an information systems specialist, an infection control  A-III
 professional, and hospital epidemiologist

■ Foster collaboration between the antimicrobial stewardship team and the hospital infection control  A-III
 committee

■ Create a climate of support and collaboration between the antimicrobial stewardship team and the  A-III
 hospital administration and medical staff leadership

■ Develop infrastructure to measure antimicrobial use and track use on ongoing basis A-II

■ Employ a system of prospective audit of antimicrobial use with direct interaction and feedback to the  A-I
 prescriber by an infectious disease physician or a clinical pharmacist with infectious disease training

■ Use formulary restrictions and preauthorization requirement to reduce antimicrobial use and cost A-II

■ Provide education to health care providers regarding stewardship strategies A-III

■ Education must be combined with active interventions to improve antimicrobial prescribing practices B-II

■ Develop evidence-based multidisciplinary guidelines incorporating local microbiology and resistance  A-I
 patterns to improve antimicrobial utilization

■ No recommendation can be made regarding antimicrobial cycling as a means of preventing or  C-II
 reducing antimicrobial resistance

■ Use antimicrobial order forms as a component of antimicrobial stewardship B-II

■ No recommendation can be made regarding the routine use of combination therapy to prevent  C-II
 emergence of resistance

■ Streamline or de-escalate antimicrobial therapy on the basis of culture results A-II

■ Optimize antimicrobial dosing on the basis of individual patient characteristics, causative organisms,  A-II
 site of infection, and pharmacokinetic and pharmacodynamic characteristics of the drug

■ Use health care information technology such as electronic medical records, computerized physician  B-II
 order entry and clinical decision support to improve antimicrobial prescribing

■ Use computer-based surveillance for more effi cient targeting of antimicrobial interventions, tracking of  B-II
 resistance patterns, identifi cation of nosocomial infections and adverse drug reactions

■ Engage the clinical microbiology laboratory to participate in antimicrobial stewardship by providing  A-III
 patient-specifi c culture and susceptibility data and by assisting infection control efforts in the 
 surveillance of resistant organisms and in the molecular epidemiologic investigation of outbreaks

■ Determine the impact of antimicrobial stewardship by measuring process and outcomes B-III

Based on the Infectious Diseases Society of America grading system for ranking recommendations in clinical guidelines. A, good evidence to support 
a recommendation for use; B, moderate evidence to support a recommendation for use; C, poor evidence to support a recommendation for use; 
I, evidence from >1 properly randomized, controlled trial; II, evidence from >1 well-designed clinical trial, without randomization; from cohort or 
case-controlled analytic studies; from multiple time-series; III, evidence from expert opinion.
Modifi ed from Dellit TH, Owens RC, McGowan JE Jr, et al: Infectious Diseases Society of America and the Society for Healthcare Epidemiology of 
America guidelines for developing an institutional program to enhance antimicrobial stewardship. Clin Infect Dis 2007;44:159-177.
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Interest has been sparked in ICUs by the reborn concept 
of antibiotic cycling.490,491 The most recent experiences 
have evaluated switch therapy492 for empiric antibiotic 
use, rather than actual cycling, and have shown benefi cial 
reductions in resistance among gram-negative bacilli493 
and in the prevalence of VRE. Such approaches, as well 
as true cycling through different antimicrobial classes, 
may be effective over limited periods in closed environ-
ments such as ICUs, by transiently reducing selection 
pressure and thus resistance to the restricted agent. Yet 
studies have thus far not shown a consistent long-term 
benefi t with cycling, and mathematical models do not 
predict that cycling will be an effective measure to reduce 
antimicrobial resistance.494

Antimicrobial order forms reduce antimicrobial usage 
through the use of automatic stop orders and the require-
ment for physician justifi cation.495 Streamlining or de-
escalation of therapy based on culture data is an essential 
component of appropriate antimicrobial use, with studies 
showing substantial reductions in days of antimicrobial 
use and cost savings.496,497

Computer order entry provides needed information at 
the moment in a neutral, nonjudgmental, fact-based format; 
this system is effi cient, well accepted, and holds the promise 
to change prescribing behaviors materially.498,499

Effective antimicrobial stewardship programs can be 
fi nancially self-supporting and improve patient care. 
Studies have shown reductions in antimicrobial usage 
from 22% to 36%, with annual savings of $200,000 to 
$900,000 in larger teaching hospitals and community hos-
pitals. A recent guideline from the Infectious Diseases 
Society of America and the Society for Healthcare Epide-
miology of America provides detailed recommendations 
for developing institutional programs of antimicrobial 
stewardship, which are summarized in Table 51-18.253

AVANT GARDE CONTROL MEASURES

Selective Digestive Decontamination
Intense interest has arisen in Europe and the United 
States457-459 over the use of “selective digestive decontami-
nation” (SDD) for prevention of bacterial pneumonia and 
other nosocomial infections in mechanically ventilated 
ICU patients. This novel therapy is based on the premise 
that the upper respiratory tract fl ora exists in a continuum 
with the gastrointestinal fl ora and that these mucosal 
microorganisms make up the major reservoir of pathogens 
causing pneumonia and many other nosocomial infections, 
especially in mechanically ventilated patients. Most venti-
lated ICU patients have a nasogastric tube that provides a 
direct conduit for refl ux of microorganisms from the heavily 
colonized stomach to the oropharynx, from which organ-
isms gain access to the lower respiratory tract.

SDD consists of four components: (1) a broad-spectrum 
parenteral antibiotic given for approximately 3 days to 
treat infections incubating at the time of the admission to 
the ICU; (2) topical antimicrobials (usually polymyxin E, 
tobramycin, and amphotericin B) periodically applied to 
the oropharynx and instilled into the gut for a variable 

period, usually for the entire duration of ICU stay, to 
reduce the mucosal burden of gram-negative bacteria and 
yeasts while preserving the anaerobic fl ora; (3) a re-
emphasized adherence to hand hygiene to prevent noso-
comial transmission of bacteria, in some European centers, 
empiric barrier isolation; and (4) serial surveillance cul-
tures of the oropharynx and rectum to monitor the effi -
cacy of the treatment.500,501

Eleven meta-analyses assessing the effi cacy of SDD for 
reducing infection and mortality have been published 
(Table 51-19).502-512 All have found a reduction in pneu-
monia. Some, but not all, have found reduced mortality. 
However, a recent review showed that the results of the 
meta-analyses were inversely related to study design,513 
which in the case of SDD may overestimate its effi cacy. 
Most studies and meta-analyses of SDD did not make a 
distinction between parenteral and topical SDD; the few 
meta-analyses that undertook subgroup analyses found 
that topical antibiotics alone reduced infection but not 
mortality.507

The greatest deterrent to widespread acceptance of SDD 
is the fear that it will promote the emergence and spread 
of antimicrobial resistant microorganisms. Antibiotic pres-
sure is without question the single most powerful force 
driving the selection of resistant microorganisms and any 
strategy for prevention of infection in the ICU that has the 
potential to increase infections caused by multiresistant 
organisms must be approached very cautiously. A number 
of studies underlie the concern of promoting antimicrobial 
resistance with SDD. Numerous studies have documented 
major shifts in the microbial ecology of the ICU with the 
use of SDD.514-516 In a study by Lingnau and colleagues,514 
4.5 years of SDD with ciprofl oxacin led to a marked 
increase in MRSA infection from 17% to 81% and of cip-
rofl oxacin-resistant S. aureus from 33% to 80%. The 
number of infections caused by other multiresistant bacte-
ria such as Acinetobacter was also increased by SDD.514

A distinction must also be made between the risk to an 
individual receiving SDD of infection caused by a resis-
tant pathogen and the institutional risk of an increased 
prevalence of antimicrobial-resistant organisms related to 
the use of SDD. Although both consequences are undesir-
able, given the skyrocketing rates of endemic nosocomial 
MRSA and VRE infections worldwide, any—however 
small—potential for increased antimicrobial resistance 
must be taken seriously. In order to better address this 
issue, well-designed, cluster-randomized trials that employ 
multilevel modeling and specifi cally address the effects of 
SDD on antimicrobial resistance across the entire spec-
trum of microbial pathogens at the institutional level are 
necessary. Until such data are available, we believe that 
continued North American concerns about the effects of 
SDD on antimicrobial resistance are justifi ed, particularly 
in institutions where MRSA and VRE are endemic, which 
encompasses virtually all larger hospitals. Given that 
other effective measures for prevention of nosocomial 
infection exist, we believe that SDD should be restricted 
to select patients, such as certain trauma patients, or as a 
potential adjunctive control measure for a nosocomial 
outbreak caused by multiply resistant organisms.517
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Recent randomized trials have identifi ed several novel 
measures for prevention of VAP such as semi-recumbent 
positioning443 and subglottic suction endotracheal tubes.518 
We believe that these approaches are ecologically more 
attractive control measures for ventilated ICU patients 
than prophylactic topical and systemic antibiotics.

Pre-emptive Barrier Isolation
Having fewer patients in a room, improving the facilities for 
handwashing, and using cohort nursing (i.e., assigning each 
nurse to designated patients) have reduced the incidence of 
endemic nosocomial infection in neonatal and pediatric 
ICUs.169,519 Complicated forms of protective isolation have 
reduced the high rates of nosocomial infection in patients 
with profound granulocytopenia520 or full-thickness 
burns.169,240 Moreover, the routine use of gowns and gloves 
on a special pediatric unit was associated with a marked 
decline in the incidence of nosocomial infection with RSV,78 
and the routine use of gloves for all patient contacts was 
shown to reduce the incidence of nosocomial C. diffi cile 
infection nearly fi vefold in a large veterans hospital.241

Unfortunately, the few studies that have prospectively 
evaluated protective isolation of ICU patients have been 
performed in newborns and pediatric patients and 
have yielded confl icting and generally disappointing 
results521-524; however, most of these studies had major 
weaknesses in design.243 More recently, several studies 
have shown that pre-emptive use of barrier precautions 
can effectively reduce the spread of multiresistant organ-
isms such as MRSA or VRE in epidemic525,526 and endemic 
settings (Table 51-20).78,241,522,527-535 If colonization by nos-
ocomial organisms could be prevented or at least delayed 
until invasive devices are removed, the incidence of infec-
tion might be signifi cantly reduced.

One major prospective trial that assessed the effi cacy 
of simple protective isolation—which we prefer to call 
pre-emptive barrier precautions—to reduce the incidence 
of nosocomial infection during pediatric intensive care 
studied 70 high-risk children over 30 months who were 
not immunosuppressed but who required prolonged 
mechanical ventilatory support and exposure to invasive 
devices in a pediatric ICU and were randomized to receive 
standard care without any special precautions or pre-
emptive barrier isolation, with the use of disposable non-
woven polypropylene gowns and nonsterile latex gloves 
for all patient contacts.527 Risk factors predisposing 
patients to infection were comparable in the two groups. 
Nosocomial colonization occurred later among isolated 
patients (median 12 versus 7 days) and was associated 
with subsequent infection in 2 patients, as compared with 
12 patients given standard care. Among children who were 
isolated, the interval before the fi rst infection was signifi -
cantly longer (median, 20 versus 8 days), the daily infec-
tion rate was twofold lower (86 versus 44 infections per 
1000  ICU days), and there were 50% fewer days with 
fever. The benefi t of isolation was most notable after 7 
days of ICU care. Isolation was well tolerated by patients 
and their families. Unannounced monitoring showed that 
children in each group were touched and handled indis-
cernibly by hospital personnel and families.

The study concluded that the use of disposable high-
barrier gowns and gloves for the care of select high-risk 
children who require prolonged ICU care can substan-
tially reduce the incidence of nosocomial infection, is well 
tolerated, and does not compromise the delivery of care. 
Simple forms of protective isolation as a general control 
measure would also seem preferable to attempts to sup-
press nosocomial colonization with SDD. Further studies 

Table 51-19. Meta-Analyses of Randomized Controlled Trials of Selective Digestive Decontamination

   Pneumonia Point Mortality Point
 No. of RCTs  Estimate OR or Estimate OR or
Study, yr included Description RR (95% CI) RR (95% CI)

Vandenbroucke, 1991502  6 Medical and surgical patients 0.12 (0.08-0.19) 0.70 (0.45-1.09)

SDD Trialists Collaborative  22 Medical and surgical patients 0.37 (0.31-0.43) 0.90 (0.79-1.04)
 Group, 1993503

Kollef, 1994504 16 Medical and surgical patients 0.28 (0.21-0.38) 0.90 (0.74-1.1)

Heyland et al, 1994505 25 Medical and surgical patients 0.46 (0.39-0.56) 0.87 (0.79-0.97)

Hurley et al, 1995506 26 Medical and surgical patients 0.35 (0.30-0.42) 0.86 (0.74-0.99)

D’Amico et al, 1998507 33 Medical and surgical patients 0.35 (0.29-0.41) 0.88 (0.78-0.98)

Nathens et al, 1999508 21 Medical and surgical patients Medical: 0.45  Medical: 0.91
    (0.33-0.62)  (0.71-1.18)
   Surgical: 0.19  Surgical: 0.70
    (0.15-0.26)  (0.52-0.93)

Safdar et al, 2004509  4 Liver transplant patients 0.88 (0.73-1.09)* 0.82 (0.22-2.45)

Liberati et al, 2004510 36 Medical and surgical patients 0.35 (0.29-0.41) 0.78 (0.68-0.89)

Silvestri et al, 2005511 42 Medical and surgical patients 0.30 (0.17-0.53)† NR

Silvestri et al, 2007512 51 Medical and surgical patients 0.73 (0.59-0.90)‡ 0.80 (0.69-0.94)

*Overall infection.
†Fungal infections.
‡Bloodstream infection.
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are necessary to determine the cost effectiveness of pro-
phylactic barrier precautions in the ICU and especially 
the effi cacy of protective isolation in adult surgical ICUs, 
where the incidence of nosocomial infection is as high as 
35%. Studies should also determine the relative impor-
tance of wearing a gown, as compared with wearing 
gloves alone.

Patients with prolonged severe granulocytopenia or 
those who are receiving high dosages of corticosteroids, 
usually as part of immunosuppressive regimens to prevent 
transplant rejection, are at risk for invasive pulmonary 
infection caused by Aspergillus species, Zygomycetes, and 
other fi lamentous airborne fungi, which is associated with 
high mortality.36-38,536 The risk of invasive infection appears 
to be directly related to the counts of airborne fungi, and 
numerous outbreaks have been linked to building con-
struction or failure of air-control systems. Studies have 
shown that the isolation of vulnerable patients in positive-
pressure rooms with spore-free HEPA-fi ltered air greatly 
reduces the risk of invasive infection.36,38 HEPA-fi ltered 
ICU rooms should be available for the care of patients who 
have received bone marrow or solid organ transplants and 
who require intensive care, especially in the early post-
transplant period or during the treatment of rejection, 
when dosages of immunosuppressive drugs are high.

Pre-emptive use of barrier isolation precautions (gowns 
and gloves) and providing dedicated patient care items 
such as stethoscopes and sphygmomanometers in all high-
risk patients from the time of admission is a simple and 
effective strategy to prevent HCWs from acquiring hand 
contamination by multiresistant organisms when having 

contact with patients with unrecognized colonization or 
infection and to block transmission to other as yet uncolo-
nized patients.

APPROACH TO A NOSOCOMIAL 
EPIDEMIC
As noted earlier, most nosocomial epidemics now occur 
in ICUs. If an epidemic is suspected, the epidemiologic 
approach must be methodical and thorough yet expedi-
tious, directed toward establishing the bona fi de nature of 
the putative epidemic infections (i.e., ruling out “pseu-
doinfections”242); confi rming the existence of an epidemic 
(i.e., ruling out a “pseudoepidemic”242); defi ning the res-
ervoirs and modes of transmission of the epidemic patho-
gens; and, most importantly, controlling the epidemic 
quickly and completely. Control measures are predicated 
on accurate delineation of the epidemiology of the epi-
demic pathogen.

Each hospital, through its infection control committee, 
must be prepared administratively to carry out an inves-
tigation and implement needed control measures. The 
essential steps in dealing with a suspected outbreak of 
nosocomial bloodstream infection have been reviewed 
previously (Box 51-3).143 To illustrate the approach to a 
nosocomial epidemic, the epidemiologic investigation of 
an unusual and complicated outbreak of infusion-related 
bacteremia307 is reviewed:

During a 2-week period in late March 1985, three 
patients in a university hospital developed primary noso-
comial bacteremia with a similar nonfermentative gram-

Table 51-20. Studies of Pre-emptive Barrier Isolation to Contain Spread of Multiresistant Organisms

 Control of Control of Endemic Infections
 Epidemic Spread 

Before-After and 
 

Pre-emptive Barrier  No. (%)  Nonrandomized Trials Randomized Trials
Isolation Precautions for No. of Totally
All High-Risk Patients Outbreaks Controlled Author RR (95% CI) Author RR (95% CI)

Methicillin-resistant 2525 2 (100)525 Safdar532 0.36 (0.13-0.98)* No studies
Staphylococcus aureus

Vancomycin-resistant  2525,526 2 (100)525,526 Montecalvo534 0.22 (0.05-0.92)* No studies
Enterococcus   Slaughter531 2.66 (1.00-6.77)†

   Morris535 1.18 (NR)†

   Srinivasan533 0.47 (NR)*
   All studies 0.22-2.66

Resistant gram-negative  none  McManus614 0.38 (0.31-0.46)* No studies
bacilli

Clostridium diffi cile none  Johnson241 0.19 (NR)* No studies

Other

Necrotizing enterocolitis   Agbayani522 0.13 (0.02-0.84)*

Respiratory syncytial virus   Leclair78 0.34 (0.17-0.60)*

All nosocomial infections   Slaughter531 1.51 (0.74-3.12)† Slota528 0.48 (NR)*
     Klein 527 0.19 
      (0.05-0.70)*
     Koss530 1.86 
      (1.10-3.16)*

*P < 0.05
†P > 0.05
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negative bacillus. All three patients had had open-heart 
surgery between March 11 and March 25 (Fig. 51-13) and 
became bacteremic 48 to 148 hours after the operation.

The bloodstream pathogen in each case was shown to 
be Pseudomonas pickettii biovariant 1. The organism was 
also cultured from the intravenous fl uid of two of the 
patients at the time because, serendipitously, during the 
outbreak most adult patients in the hospital receiving 
intravenous fl uids were participating in a study of intra-
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Figure 51-13. Epidemic curve for an outbreak of Pseudomonas pickettii bacteremias and contaminated intravenous infusions 
traced to contaminated fentanyl given intravenously. Isolates from blood or intravenous fl uid of six defi nite cases (March 1985) 
were available for reconfi rmation and subtyping as P. pickettii biovariant 1; isolates from intravenous fl uid of three probable 
cases (January 1985) were not available for retesting but were considered likely to have also been P. pickettii biovariant 1 on 
review of the results of 20 biochemical tests common to these three and the six confi rmed isolates. (From Maki DG, Klein BS, 
McCormick RD, et al: Nosocomial Pseudomonas pickettii bacteremias traced to narcotic tampering. A case for selective drug 
screening of health care personnel. JAMA 1991;265:981-986.)

Box 51-3

Evaluation of a Suspected Epidemic of Nosocomial Infections

Administrative preparedness
Immediately retrieve putative epidemic isolates for 

confi rmation of identity through species and sub-
typing by one or more methods:

Biotyping
Antimicrobial susceptibility pattern (antibiogram)
Serotyping
Phage-typing
Bacteriocin typing
SDS-PAGE protein electrophoresis
Immunoblot pattern
Multifocus enzyme electrophoresis
Restriction enzyme digestion and restriction fragment 

polymorphism patterns
DNA probes

Preliminary evaluations and control measures

Identify and characterize individual cases in time, 
place, risk factors

Strive to identify source of infections
Ascertain whether cases represent true infections, 

rather than “pseudoinfections”

Ascertain whether cases represent a true epidemic, 
rather than a “pseudoepidemic”

Develop and implement provisional control 
measures

Intensify surveillance to detect each new case
Review general infection control policies and 

procedures
Determine the need for assistance, especially extra-

mural (local, state, CDC)

Epidemiologic investigations

Clinicoepidemiologic studies, especially case-control 
studies

Microbiologic studies

Develop and implement defi nitive control measures
Confi rm control of epidemic by intensifi ed follow-up 
 surveillance
Report the fi ndings

Intramurally
State Health Department, CDC

Publish the report

Modifi ed from Maki DG, Mermel LA: Infections due to infusion therapy. In Bennett JV, Brachman PS (eds): Hospital Infections, 4th 
ed. Boston, Lippincott-Raven, 1998.

venous catheter dressings:537 As part of the study protocol, 
specimens were routinely obtained from patients’ intra-
venous fl uid when the catheter was removed. Review of 
nearly 1000 cultures of intravenous fl uid from the infu-
sions of participants in the study since its outset 3 months 
earlier showed that three additional surgical patients 
operated on in March had had intravenous fl uid cultures 
positive for P. pickettii biovariant 1 (see Fig. 51-13), even 
though none had shown clinical signs of bacteremia. 
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Molecular subtyping by restriction enzyme digestion and 
pulsed-fi eld electrophoresis to delineate restriction poly-
morphism patterns showed all six isolates to be the clonal. 
Three more patients who had been operated on in January 
had had intravenous fl uid that cultured positive for a 
similar nonfermentative gram-negative bacillus; although 
the three isolates were no longer available, the results of 
screening by AP-20E biochemical panel (API Analytab, 
Inc.) at the time were identical to those of the six patients 
with P. pickettii contamination of intravenous fl uid, with 
or without associated bacteremia.

All three septic patients had had multiple positive blood 
cultures and were clinically in septic shock. P. pickettii had 
not been isolated from any local site of infection such as 
the urinary tract, lower respiratory tract, or surgical wound 
in any of the patients.

Review of nosocomial bacteremias over the past 7 years 
showed that P. pickettii had not previously been identifi ed 
in any positive blood cultures from the institution, indicat-
ing that the cluster of three cases and six instances of 
contaminated infusate without bacteremia represented a 
true epidemic and, with the results of the subtyping, a 
common source epidemic.

The CDC and the manufacturer were contacted: None 
of more than 70 NNIS hospitals had reported P. pickettii 
bacteremias in the past year, and the manufacturer had 
never identifi ed contamination with P. pickettii in quality 
control microbiologic sampling of its fentanyl before dis-
tribution or received any complaints from users about 
suspected contamination of their fentanyl. Moreover, a 
survey of surrounding Wisconsin hospitals that also used 
the manufacturer’s fentanyl revealed none experiencing 
nosocomial bacteremias with P. pickettii.

A case-control study comparing the 9 cases, all of whom 
had had recent surgery, with 19 operated patients who 
had had negative intravenous fl uid cultures in the intrave-
nous dressing study (Table 51-21), showed that all 9 cases 
but only 9 of the 19 operated control cases had received 
fentanyl intravenously in the operating room (P = .05; the 
mean total dose given to the 9 cases was far greater than 
that given to control patients who received the drug, 
3080  µg versus 840  µg, P < .001).

In the hospital at the time, fentanyl was used only in 
the operating rooms as part of balanced anesthesia. The 
drug was received in 20-mL ampules from the manufac-
turer, and each week one of three pharmacy technicians, 
by rotation, drew into sterile syringes all fentanyl likely 
to be needed the following week in the operating rooms. 
Each day, one of the technicians delivered enough pre-
drawn syringes to the operating rooms to meet the needs 
of the cases being done that day. Cultures of predrawn 
fentanyl in syringes in the central pharmacy, prompted by 
the fi ndings of the case-control study, showed that twenty 
(40%) of fi fty 30-mL syringes sampled were contami-
nated by P. pickettii, in a concentration of greater than 
104  CFU/mL; none of thirty-fi ve 5- or 2-mL syringes 
showed contamination (P = .001).

Extensive culturing within the central pharmacy was 
negative for evidence of environmental contamination by 
P. pickettii with one exception: P. pickettii biovariant 1, 

with an identical antimicrobial susceptibility pattern and 
restriction enzyme fragment pattern to the epidemic strain 
recovered from blood cultures or patients’ intravenous 
infusions, was cultured in a concentration of 28 to 80  CFU/
mL from fi ve specimens of distilled water drawn from a tap 
in the central pharmacy. The epidemic strain was shown to 
multiply well in the fentanyl solution, attaining concentra-
tions exceeding 104  CFU/mL within 48 hours.

A second case-control study suggested strongly that the 
epidemic was caused by theft of fentanyl from 30-mL 
syringes by one pharmacy staff member and replacement 
by distilled water that the individual thought was sterile 
but which, unfortunately, was contaminated by P. pickettii. 
The pharmacy member resigned early in the investigation 
and no longer works in the hospital. On April 29, 1985, 
the hospital’s system for providing fentanyl and other 
narcotics to the operating rooms was changed; narcotics 
are no longer predrawn into syringes in the central phar-
macy but are delivered to the operating rooms in unopened 
vials or ampules, and anesthesiologists’ orders for narcot-
ics are fi lled by a staff pharmacist assigned to the operat-
ing room. No further bacteremias with P. pickettii have 
occurred since March 25, 1985 (see Fig. 51-13), and cul-
tures of more than 6000 samples of hospitalized patients’ 

Table 51-21. Case-Control Analysis of Risk Factors for 
Bacteremia or Contaminated Intravenous Fluid with 
Pseudomonas Pickettii

 Cases Controls*
 (n = 9) (n = 19) P Value

Age, Mean 50  yr 46  yr NS†

Duration of Surgery, Mean  4.0  hr  3.7  hr NS

Type of Surgery
 Cardiovascular  5 (55)  3 (16) NS
 General  4 (45) 16 (84)

Intravenous Fluids
 Lactated Ringer’s  8 (89) 11 (58) NS
 Dextrose in Ringer’s  5 (55) 14 (74) NS
  lactate
 Saline 0.9%  6 (67)  4 (21) NS
 Blood products  7 (78)  4 (21) NS
 Albumin, fresh frozen   4 (44)  2 (10) NS
  plasma

Intraoperative Intravenous Medications
 Pentothal  4 (45) 13 (68) NS
 Lidocaine  5 (55)  5 (26) NS
 Pancuronium  5 (55)  4 (21) NS
 Heparin  5 (55)  0 (0) <.001
 Cefazolin  9 (100) 10 (53) NS
 Fentanyl  9 (100)  9 (47)  .05
 Volume of intravenous  61.6  mL 16.8  mL‡ <.001
  fentanyl, mean

*Patients randomly selected who had had surgery on the same day as 
cases but who had negative cultures of intravenous fl uid from their 
infusion begun in the operating room.
†Not signifi cant at P < .05.
‡For the nine control patients who received fentanyl.
From Maki DG, Klein BS, McCormick RD, et al: Nosocomial 
Pseudomonas pickettii bacteremias traced to narcotic tampering. A case 
for selective drug screening of health care personnel. JAMA 
1991;265:981-986.
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intravenous fl uid in research studies since then have 
shown no further contamination by P. pickettii.

This outbreak illustrates the power of genetic subtyping147 
and case-control analyses to identify the cause of an epi-
demic. It further illustrates the potential for contamination 
of parenteral drugs or admixtures and the extraordinary 
range of epidemiologic mechanisms of nosocomial blood-
stream infection deriving from such contamination.107

If epidemiologic or microbiologic studies suggest or 
indicate intrinsic contamination of a widely distributed 
commercial product or device, the local and state health 
authorities, U.S. Food and Drug Administration, CDC, and 
manufacturer should be informed immediately. Remain-
ing products should be quarantined and retained for 
evaluation by the public health authorities.

PROTECTION OF HEALTH CARE WORKERS 
IN THE INTENSIVE CARE UNIT
HCWs in general, but especially those working in ICUs 
who are exposed daily to critically ill patients, many of 
whom have contagious but undiagnosed infections, are at 
increased risk of acquiring occupationally related infec-
tions including tuberculosis; herpes simplex virus infec-
tion; chickenpox; cytomegalovirus infection; hepatitis A, 
B, or C; HIV infection; infl uenza; measles; rubella; mumps; 
pertussis; and viral conjunctivitis.538-540

Fortunately, the risk posed by many of these infections 
can be eliminated by immunization of the HCW.541 The 
Advisory Committee on Immunization Practices (ACIP) 
last made recommendations for the vaccination of HCWs 
in 1997542; however, a number of new developments in 
vaccine-preventable diseases have emerged since these 
guidelines were last published, and a considerable number 
of occupational infections exist for which there are cur-
rently no vaccines.

General Precautions against 
Biohazardous Exposure
All hospitals, as mandated by JCAHO,31 must have an 
employee health service and written protocols for the 
management of biohazardous exposures (Box 51-4).125,543 
Such protocols permit expeditious and comprehensive 
evaluation and timely administration of postexposure pro-
phylaxis (PEP) with antiretrovirals after HIV exposure, 
immune serum globulin or hepatitis B immune globulin 
after exposure to hepatitis A or B, or antimicrobial pro-
phylaxis after exposure to contagious bacterial pathogens 
such as Neisseria meningitidis or Bordetella pertussis.

The single greatest measure a hospital can take to 
reduce the risk of biohazardous exposures is to imple-
ment a comprehensive program that actively monitors 
occupational exposures,544 educates HCWs about the con-
sequences and ways to prevent exposures,545 and advo-
cates for and rigorously evaluates new safety technologies 
as a means of reducing exposures further.546

The importance of uncompromising compliance with 
universal precautions to protect HCWs from unknowing 
exposure to HIV and other bloodborne viruses has been 
discussed. Importantly, the greatest emphasis in training 

on universal precautions should be placed on measures to 
prevent needle sticks and other sharps injuries,543 prohibi-
tion of recapping used needles, and making impervious 
needle disposal containers547 available at the bedside of 
each ICU patient.548 The use of engineered controls such 
as needleless systems holds the greatest promise for effect-
ing a material reduction in hazardous sharps injuries.546

Vaccine-Preventable Diseases

Hepatitis B
Percutaneous exposure of an unvaccinated HCW to blood 
from a patient who is hepatitis B surface antigen (HBsAg) 
positive carries considerable risk of seroconversion (23% 
to 37%) and development of clinical disease (1% to 
6%).125 This risk is greatly magnifi ed if the source patient 
is hepatitis B e antigen (HBeAg) positive: the risk of 
seroconversion is 37% to 62%, and the risk of developing 
clinical disease is 22% to 31%.125 The introduction of the 
recombinant hepatitis B vaccine in 1986 has greatly 
reduced the risk of occupationally acquired disease, and 
it is recommended that all HCWs receive a complete 
series of immunizations at 0, 1, and 6 months.542 Further-
more, ACIP recommends that all HCWs have documenta-
tion of protective serum titers (hepatitis B surface antibody 
[HBsAb] serum titer = 10  IU/mL) 1 to 2 months after 
completion of their primary series. Those HCWs who do 
not mount protective titers should undergo a secondary 
immunization series.542 HCWs exposed to hepatitis B who 
have not developed protective titers after a primary or 
secondary immunization series or who have not com-
pleted a primary immunization series should be given 
postexposure prophylaxis (PEP) as detailed by the U.S. 
Public Health Service.125

Measles, Mumps, and Rubella
Reported cases of measles, mumps, and rubella have 
declined steadily in the United States since the intro-
duction of mandatory childhood immunizations.549-551 
However, epidemics of measles and, more recently, 
mumps, continue to be a problem in many parts of the 
country.552,553 Severe measles in susceptible HCWs who 
themselves exposed additional patients while in the incu-
bation phase of infection have been well described in the 
literature.73,554 As a result, it is recommended that all 
HCWs born after 1956 have documented immunity to 
measles and rubella by either (1) laboratory evidence of 
a protective titer; (2) physician documentation of clinical 
measles and rubella; or (3) documentation of appropriate 
vaccination against measles and rubella.542 Although ACIP 
is less stringent with regards to documentation of immu-
nity to mumps, it is recommended that HCWs receive the 
trivalent measles, mumps, rubella (MMR) vaccine rather 
than single vaccines.542 When nonimmune HCWs are 
exposed to measles, PEP with MMR vaccination has 
been shown to reduce the likelihood of developing fulmi-
nant disease.555 Measles immunoglobulin is another PEP 
option for nonimmune HCWs who have a contraindica-
tion to immunization—pregnancy—but only provides 
temporary protection.555
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Box 51-4

Guidelines for Prevention and Management of Biohazardous Injuries in the Hospital*

1. Hospital personnel must be made more personally 
aware of the potential catastrophic sequelae of sharps 
injuries and other biohazardous exposures and of 
guidelines for prevention. This must be conveyed in 
initial orientation programs for all new personnel 
including physicians and by periodic updates on each 
patient care unit and presentations at staff confer-
ences. The topic can also be periodically reviewed in 
the hospital’s newsletter for personnel. Prominently 
placed posters warning of the hazards of sharps inju-
ries and listing simple precautions to avert such inju-
ries, especially in areas where sharps are heavily used, 
may also be of value.

2. Sharps disposal units should be made widely and 
conveniently available throughout the hospital, espe-
cially in locations that facilitate their immediate use: 
in individual patient rooms, nursing stations, phar-
macy units, and utility rooms; in all clinical laborato-
ries; on anesthesia carts; and in each operating room. 
Receptacles should be made of impervious material 
such as plastic or metal and should be emptied accord-
ing to an established routine by personnel who have 
been properly instructed. Disposal units should consist 
of impervious receptacles into which a used needle 
and syringe or other sharp can be immediately 
dropped without handling it further. If it is necessary 
to remove a used needle from a syringe or Vacutainer, 
an instrument should always be used.

3. Recapping or resheathing of used needles must be 
strongly discouraged except when rare circumstances 
do not permit immediate disposal, in which case 
capping must be done using a “one-handed tech-
nique” or special sheath.

4. Medical or nursing personnel must be apprised of the 
importance of obtaining adequate assistance when 
administering injections or infusion therapy to patients 
who may not be able to cooperate.

5. Personnel must be apprised of the need to use extreme 
care in cleaning up after procedures that involve 
needles or other sharps such as lumbar punctures, 
thoracentesis, or central venous catheter placement.

6. A strong institutional commitment to the continuous 
evaluation and selective adoption of technology-based 
approaches to prevention of sharps injuries will have 
the greatest impact.

7. With accidental sharps injuries, unless the injury 
occurred with a clean sharp not used on a patient, the 
injury should be immediately reported to the employee 
health service, where work-related injuries in general 
can be evaluated and managed most consistently and 
inexpensively and surveillance of all work-related 
injuries can be assisted. A mechanism to ensure 
prompt management of biohazardous injuries 24 
hours a day (including during nights and weekends by 
emergency department personnel who have been 
trained in the institutional biohazardous injury proto-
col) must be available.

All hospital personnel who render care or services 
to patients including all staff physicians, house offi -
cers, and health care students should be covered by 
this institutional service to ensure consistent report-
ing and treatment of injuries.

Employee health service personnel should meet 
with each employee sustaining a biohazardous injury, 
ascertain the exact reason for the accident, and review 
how to prevent a similar injury in the future. Particu-
lar attention should be given to those HCWs who 
have sustained repeated injuries to identify accident-
prone activities or individuals or high-risk work situ-
ations that should be modifi ed.

8. Institutions should carry out continuous surveillance 
and reporting of all biohazardous injuries, which can 
form the basis for preventive programs and determine 
their effectiveness. Risk management personnel should 
include sharps injury reduction as a major institu-
tional priority.

9. Management of sharps injuries: It is beyond the scope 
of this review to provide a comprehensive protocol 
for management of sharps injuries; however, it is 
imperative that all hospitals have a protocol that pro-
vides unambiguous guidelines for management, spe-
cifi cally the following:
a. Clear defi nitions of biohazardous injuries
b. Procedures for immediate care of the injury at the 

time of occurrence (e.g., squeezing the puncture 
wound to induce bleeding, disinfection with a viru-
cidal agent, such as an iodophor)

c. Procedures to determine expeditiously the magni-
tude of risk (i.e., screening the source patient for 
evidence of active infection by hepatitis B virus; 
hepatitis C virus; and HIV). With regard to HIV 
screening, the protocol must be in compliance with 
state statutes governing HIV testing.

d. The responsibilities of the injured HCW; the worker’s 
supervisor; the employee health service; and, after 
working hours, the emergency department

e. Guidelines for postexposure immunoprophylaxis 
and drug therapy, especially with exposures to the 
following:
Hepatitis A, B, and C
HIV
Jakob-Creutzfeldt disease
Syphilis
Malaria
Bacteremia

f. Follow-up of the exposed HCW, especially follow-
ing exposures to HIV; hepatitis B virus; and hepa-
titis C virus

g. Administrative follow-up of all injuries, to mini-
mize recurrences, and institutional surveillance of 
biohazardous injuries

h. Periodic review of the protocol, with revision as 
indicated

*The Biohazardous Exposure Protocol of the University of Wisconsin Hospital and Clinics is available from the authors on request.
Modifi ed and updated from McCormick RD, Meisch MG, Ircink FG, Maki DG: Epidemiology of hospital sharps injuries: A 14-year 
prospective study in the pre-AIDS and AIDS eras. Am J Med 1991;91:301S-307S.
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Varicella
Occupational acquisition of varicella-zoster virus (VZV) 
is well described, with transmission rates among suscep-
tible HCWs ranging from 2% to 16% in published 
studies.541,556 Infected HCWs pose a threat for transmis-
sion to other susceptible patients, and HCWs, when 
compared with persons who acquire varicella during ado-
lescence, often experience more severe disease,557 particu-
larly if pregnant.558 All HCWs should be asked about a 
history of primary varicella. In the absence of a positive 
history, all HCWs should undergo serologic testing to 
confi rm seropositivity or be immunized with the live, 
attenuated vaccine.559 Susceptible HCWs should not care 
for patients with suspected or confi rmed varicella or 
zoster infections, particularly if pregnant. In the event of 
an accidental exposure, susceptible HCWs should undergo 
varicella immunization within 72 hours of exposure on 
the basis of studies demonstrating a reduced risk of devel-
oping clinical infection and attenuated clinical disease.560 
The routine use of varicella-zoster immune globulin 
(VZIG) for PEP of susceptible HCWs exposed to VZV is 
not recommended.559 Rather, the decision to administer 
VZIG should be guided by the presence of risk factors 
that increase the risk of severe disease (e.g., pregnancy 
or other immunodefi cient conditions such as advanced 
AIDS).

Infl uenza
Infl uenza is responsible for 114,000 hospitalizations and 
36,000 deaths in the United States each year.561 Nosoco-
mial outbreaks of infl uenza are common and serve to put 
HCWs at considerable risk of acquiring and transmitting 
infl uenza to others.562,563 These outbreaks impose consid-
erable economic burden on health care institutions and 
increase adverse events among HCWs and patients alike.564 
Infl uenza immunization of HCWs has signifi cantly reduced 
days of febrile illness and sick leave in randomized con-
trolled trials,565,566 and surveys suggest that HCWs tend to 
view infl uenza immunization as a means of protecting 
themselves from illness.567,568 However, accumulating evi-
dence suggests that infl uenza immunization of HCWs also 
signifi cantly reduces rates of infl uenza-related morbidity 
and mortality among potentially exposed patients in a 
variety of health care settings.569-571 Moreover, expanding 
infl uenza rates of HCWs has been shown to be cost saving 
from an institutional perspective.572 Despite this evidence, 
voluntary immunization rates among U.S. HCWs remain 
disappointingly low—in the range of 40%.573 For these 
reasons, some experts are beginning to call for mandatory 
infl uenza immunization of HCWs (i.e., a condition of 
employment) in much the same way that hepatitis B and 
MMR vaccinations are mandatory for HCWs in most 
hospitals.574

Pertussis
HCWs are at increased risk of developing pertussis as a 
result of waning immunity in adulthood,575 and numerous 
pertussis epidemics among HCWs have been reported in 
recent years.576,577 Pertussis outbreaks are associated with 
considerable economic consequences,577,578 and studies 

have shown that routinely providing a pertussis booster 
to HCWs in the form of tetanus toxoid, reduced diphthe-
ria toxoid, and acellular pertussis adsorbed vaccine (Tdap) 
is cost effective.577 The National Foundation of Infectious 
Diseases (NFID) and ACIP have recommended that all 
HCWs undergo booster immunization with Tdap, although 
these recommendations have not yet been endorsed by 
the U.S. Department of Health and Human Services.579

Non–Vaccine-Preventable Diseases of 
Major Interest
Herpetic Whitlow
Primary HSV paronychia has long been an occupational 
hazard of being an ICU nurse or physician580,581 and is 
usually associated with a great deal of pain and discom-
fort, fever, and lymphadenitis. Leave from work for 2 to 
3 weeks is not uncommon. One of the most compelling 
reasons for ICU HCWs to routinely wash their hands after 
contact with an ICU patient and to wear gloves during 
any contact with a patient’s airway—including gloves on 
both hands during tracheal suctioning—is to protect 
themselves from this miserable condition.

Tuberculosis
Numerous reports of tuberculosis (TB) outbreaks in hos-
pitals and other health care settings in the early and mid-
1990s reminded the health care community of the risk 
associated with the care of patients with active pulmonary 
tuberculosis.70-72,234 The feature common to most of these 
outbreaks was failure to recognize patients with active 
pulmonary tuberculosis. The most important measure for 
preventing the transmission of tuberculosis is to (1) rapidly 
identify and isolate patients with suspected tuberculosis 
and (2) promptly initiate appropriate therapy when tuber-
culosis is confi rmed, to reduce the duration of infectious-
ness.582 Updated guidelines for the prevention of 
nosocomial TB have recently been published that stress 
the importance of administrative, environmental, and per-
sonal respiratory protection controls.126 Implementation 
of these recommendations has led to remarkable reduc-
tions in nosocomial transmission rates.235

Hepatitis C
Nearly 4 million persons in the United States are infected 
with hepatitis C virus (HCV), which is responsible for 
8000 to 10,000 deaths every year.583 Although the already 
high and rising prevalence of HCV infection in the popula-
tion potentially exposes HCWs to occupationally acquired 
infection, most studies have failed to fi nd a higher sero-
prevalence to HCV among HCWs than in the general 
population.584 However, at least one study found that a 
previous history of a needle stick injury is associated with 
an increased risk of HCV infection,585 and pooled analyses 
of published studies suggest that the seroconversion rate 
following a percutaneous injury involving HCV-positive 
persons is about 0.5%, a risk that is similar to that seen 
with percutaneous injuries involving needle stick expo-
sures to HIV.584 Current guidelines for the management 
of HCWs exposed to HCV only recommend serologic 
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testing and measurement of serum alanine aminotransfer-
ase (ALT) levels, with or without HCV PCR testing, at 
baseline and again 4 to 6 months later, and do not make 
specifi c treatment recommendations.125 However, these 
recommendations may undergo modifi cation in the near 
future in light of studies demonstrating sustained virologi-
cal responses to interferon monotherapy in excess of 90% 
in patients with acute-onset HCV infection.586,587

Human Immunodefi ciency Virus
Although the risk of occupationally acquired HIV infec-
tion is low, it is not zero. As of 2002, there have been 57 
probable and an additional 139 possible cases of occupa-
tionally acquired HIV in the United States.588 The vast 
majority involved percutaneous injuries from hollow-bore 
needles contaminated with blood.584 Other types of sharps 
injuries are less likely to transmit HIV, and only a single 
documented case of occupational HIV transmission caused 
by a body fl uid exposure other than blood—bloody pleural 
fl uid—has been reported in the literature.589 Although no 
randomized trials exist, there are considerable data from 
animal590 and observational studies591 to suggest that PEP 
with antiretrovirals can signifi cantly reduce the likelihood 
of HIV transmission following a high-risk exposure. For 
this reason, the U.S. Public Health Service has issued 
detailed recommendations on occupational HIV PEP with 
the choice and number of drugs driven by characteristics 
of the HCW, type of exposure, and characteristics of the 
source patient.592

GOALS FOR THE FUTURE
Clearly, nosocomial infection is one of the most important 
causes of iatrogenic morbidity and mortality in patients 
who require prolonged life-support care in an ICU. Much 
has been learned over the past 3 decades about the rela-
tive risks and especially the pathogenesis and epidemiol-
ogy of these infections, information that has provided the 
scientifi c underpinnings for preventive strategies that have 
proved effective. However, there is an urgent need for 
better research to prevent nosocomial infection in ICU 
patients (Box 51-5),593 particularly with respect to strate-
gies to prevent colonization by multiresistant microorgan-
isms, and to prevent infection even if colonization has 
already occurred.28

Most of our understanding of the epidemiology of nos-
ocomial infection, especially in ICUs, is based on studies 
of epidemics. Well-designed studies are necessary to better 
defi ne the epidemiology of endemic nosocomial infec-
tions, especially those caused by resistant staphylococci, 
enterococci and gram-negative bacilli, and yeasts. The 
importance of hand carriage of pathogens by hospital 
personnel, the role of airborne transmission in the ICU, 
and the relevance of contamination of the inanimate hos-
pital environment by resistant pathogens all need to be 
better delineated, as well as the factors infl uencing noso-
comial colonization and superinfection by resistant bac-
teria and yeasts.

In addition, larger and more sophisticated studies, using 
multivariate techniques of statistical analysis to defi ne risk 

factors for the major forms of nosocomial infection in the 
ICU, are necessary to guide allocation of infection control 
resources and to target future research efforts.

Considering that the period of greatly increased suscep-
tibility to infection of ICU patients is limited—until the 
invasive devices have been removed—a major commit-
ment must be made to devise and evaluate strategies 
for blocking transmission of organisms between patients 
and preventing, or at least delaying, nosocomial 
colonization.

One of the oldest yet most important infection control 
measures—hand hygiene—is still done almost indiffer-
ently by HCWs in most hospitals including within ICUs. 
Innovative approaches are necessary to improve the fre-
quency and the quality of handwashing after patient con-
tacts likely to result in acquisition of nosocomial organisms. 
Exactly how should hands be washed for maximal benefi t 
and with what agents? The question can be posed: Could 
very frequent handwashing, which approaches 40 times 
per 8-hour shift in neonatal ICUs, increase the potential 
for transmission of microorganisms, such as methicillin-
resistant coagulase-negative staphylococci? Should the 
frequency of handwashing, as well as the agents used, be 
critically reexamined? Beyond a certain frequency, more 
may not necessarily be better. Should handwashing 
machines, which substantially augment degerming,594,595 
be adopted widely? Could regular application of 
chlorhexidine-containing evaporative lotions, used without 
water, replace some of the conventional handwashing or 
at least compensate for the suboptimal handwashing cur-
rently practiced?221,596,597 Large clinical trials, ideally in 
multiple centers, are necessary to ascertain the effi cacy or 
lack of effi cacy of innovative approaches to hand degerm-
ing in reducing infections in high-risk patients, particularly 
in nurseries and ICUs.

Whereas SDD with topical nonabsorbable antibiotics 
has shown promise for the prevention of nosocomial 
respiratory infection in ICU patients, as noted, the poten-
tial effect on the microbial ecology of the ICU must be 
viewed with caution, and the cost-benefi t and long-term 
effects of SDD need better clarifi cation. The uses of simple 
barrier precautions to prevent colonization and infection 
have shown promise and warrant further study, especially 
in ICUs.

Studies have shown that the use of dedicated intrave-
nous therapy teams, consisting of trained nurses or techni-
cians to ensure a high level of aseptic technique during 
catheter insertion and in follow-up care of the catheter, 
has been associated with greatly reduced rates of catheter-
related infection and appears to be cost effective.322,323,598 
The use of teams of trained ICU personnel to insert all 
urethral catheters and provide follow-up care for these 
catheters, all intravascular devices, and percutaneous 
tubes in the ICU deserves study.

Remarkably, there have been few comparative clinical 
trials of the various chemical antiseptics available for dis-
infecting skin before inserting intravascular devices or 
assisting in surgery or studies of antiseptic handwashing 
agents. Large, randomized clinical trials, ideally in multi-
ple centers, are necessary in which infection, rather than 
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Box 51-5

Directions for Future Research in Nosocomial Infection Control

Studies to better defi ne the epidemiology of endemic 
nosocomial infections:

Especially those caused by resistant staphylococci, 
gram-negative bacilli, and Candida

The relevance of hand carriage of pathogens by hos-
pital personnel

The role of airborne transmission
The relative importance of contamination of the 

inanimate hospital environment, especially with 
methicillin-resistant S. aureus, C. diffi cile, and 
other resistant organisms

The biologic factors infl uencing colonization by noso-
comial organisms

The factors governing superinfection by resistant bac-
teria and Candida

Better understanding of risk factors predisposing to 
infection, especially in the ICU, to guide allocation 
of resources in infection control and focus research 
efforts

Innovative strategies to prevent nosocomial colonization 
and interrupt cross-infection, especially in ICUs:

New approaches to improving compliance with and 
improving the effectiveness of handwashing 
between patients

Various types of barrier precautions (forms of protec-
tive isolation)

The true effi cacy and cost-benefi t of selective diges-
tive decontamination; the ecologic effects of long-
term use must be assessed carefully

Dedicated device-care teams
Large, randomized clinical trials of the various cuta-

neous antiseptics available, with infection, rather 
than colonization, as the index of comparison, 
for handwashing by personnel, site disinfection 
with invasive devices, patient bathing, and 
decolonization

Research on devices:

Innovative designs to implicitly reduce con-
tamination

Colonization-resistant polymers, possibly incorporat-
ing antimicrobials onto the surface or into the 
polymer itself

Better techniques of use to enhance safety
Cost-effective “needleless” systems to protect health 

care personnel
Improved laboratory tests to identify infection more 

accurately and rapidly, especially tracheobronchitis 
and pneumonia, to reduce unnecessary antibiotic 
therapy yet permit early therapy to avert progres-
sion to life-threatening sepsis

Measures to restrict and improve the use of antibiot-
ics, especially in ICUs

Expanded, more effective approaches to education in 
infection control for health care personnel, espe-
cially physicians, with respect to handwashing, 
use of isolation, invasive devices, and use of 
antibiotics

Modifi ed from Maki DG: Risk factors for nosocomial infection in intensive care. “Devices vs. nature” and goals for the next decade. 
Arch Intern Med 1989;149:30-35.

cutaneous colonization or positive cultures, is used as the 
index of comparison.

Considerable evidence indicates that the material used 
in construction of an implanted device plays an important 
role in the pathogenesis of device-related infection, 
namely, whether the material provides an attractive 
surface for adherence by pathogenic microorganisms such 
as coagulase-negative staphylococci. Studies are necessary 
to delineate fully the molecular mechanisms of microbial 
adherence to prosthetic surfaces to develop new materials 
intrinsically resistant to colonization for use with implant-
able devices and to design devices that intrinsically deny 
microbial access.

Increased use of diagnostic tests has greatly increased 
awareness of infectious diseases. Improved laboratory 
techniques to identify infection more accurately and 
rapidly, especially methods to reliably distinguish coloni-
zation of the lower respiratory tract from early infection 
that merits antimicrobial therapy, could greatly reduce 
unnecessary antimicrobial therapy yet detect infections 

earlier, before they progress to sepsis with multiple-organ 
failure.

Antimicrobials are not used optimally in most 
ICUs, and there is much overuse in hospitals, particularly 
of extended-spectrum penicillins and cephalosporins, 
imipenem, and quinolones. Antibiotic pressure has 
had a powerful effect on the hospital microbial 
ecology and, as noted previously, on the profi le of noso-
comial infection, especially in ICUs. We must and can do 
better.

Last, but certainly not least, many physicians remain 
remarkably oblivious to the most basic precepts of infec-
tion control, and nurses are in general far better informed 
and are a more effective force for ensuring compliance 
with infection control practices. More effective ways to 
communicate essential information on nosocomial infec-
tion control to hospital personnel, especially with regard 
to handwashing, aseptic use of devices, and antibiotic 
therapy, and to apply it more consistently in all hospitals, 
would have vast immediate benefi ts.
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KEY POINTS
■ Patients in modern-day ICUs experience rates of 

nosocomial infection three to fi ve times higher than 
non-ICU hospitalized patients. Rates of primary 
bacteremia and nosocomial pneumonia are up to 10 
times higher.

■ Patients who are severely immunocompromised or who 
are critically ill and have high severity of illness scores 
have a substantially increased risk of nosocomial 
infection. However, most nosocomial infections in the 
ICU appear causally to be most directly related to life-
saving technology, particularly invasive devices such as 
endotracheal tubes and mechanical ventilatory support, 
urethral and intravascular catheters, and intraventricular 
catheters, which facilitate colonization by nosocomial 
organisms and greatly increase vulnerability to infection.

■ The major reservoir of bacterial nosocomial pathogens, 
and possibly Candida as well, in the ICU is the colonized 
or infected patient. Most infections begin with 
nosocomial colonization by organisms acquired from the 
hands of noncolonized HCWs. Increasing evidence 
suggests that antibiotic-resistant organisms, particularly 
MRSA, resistant enterococci, and C. diffi cile, may also be 
acquired from the inanimate environment immediately 
surrounding the patient. Mycobacterium tuberculosis, 
Legionella, Aspergillus, infl uenza A virus, varicella-zoster 
virus, measles, mumps, and the new highly virulent 
SARS human coronavirus are transmitted by the airborne 
route.

■ ICUs are uniquely conducive to the epidemic spread of 
nosocomial organisms of all types, especially antibiotic-
resistant bacteria and even Candida; more than half of 
all hospital epidemics occur in ICUs.

■ An active, visible institutional infection control program 
can prevent up to one third of nosocomial infections. 
Surveillance of infection, whether total or focused, and 
education of all personnel are the most essential 
components of the program.

■ Use of a chlorhexidine-containing agent for 
handwashing between patients will reduce endemic 
nosocomial infections in the ICU by at least 30%. The 
regular use of waterless alcohol-containing hand rubs or 
gels may provide comparable benefi t in prevention of 
cross-infection.

■ Stringent attention to isolation precautions, especially 
disposable gloves and a gown for contacts with patients 
known to be infected or colonized by resistant 
organisms, is mandatory to minimize cross-infection and 
prevent outbreaks. Misuse of gloves as part of universal 
precautions may, paradoxically, increase the risk of 
nosocomial infection.

■ Modern-day ICUs must have adequate numbers of 
special negative-pressure isolation rooms for the care 
of patients with suspected or proven pulmonary 
tuberculosis and other airborne infections, such as 
varicella-zoster virus.

■ Patients who have undergone recent bone marrow 
transplants or who have received intensive 
chemotherapy and are experiencing prolonged severe 
granulocytopenia should receive ICU care in special 
HEPA-fi ltered positive-pressure isolation rooms to protect 
them from devastating deep Aspergillus and other 
fi lamentous fungal infection.

■ Meticulous attention to aseptic technique and the use of 
maximal barrier precautions—long-sleeved sterile surgical 
gown, mask and head cover, as well as sterile gloves—
during the insertion of central venous catheters; the use 
of 2% chlorhexidine solutions for cutaneous antisepsis; 
avoiding insertion into the femoral veins; and prompt 
removal of catheters as soon as they are no longer 
necessary can reduce the incidence of catheter-related 
bloodstream infection at least threefold.

■ Studies suggest that the prophylactic use of simple 
barrier precautions, vis-à-vis protective isolation, may 
provide protection against all types of ICU-acquired 
infection. Protective isolation is more appealing 
ecologically than the use of SDD.

■ Measures to avert needle sticks and other sharps injuries 
are the most important aspect of universal precautions; 
these measures are necessary to protect the HCWs from 
HIV and other bloodborne viruses.

■ A crisis of antibiotic resistance exists in ICUs. The 
progressive increase in antibiotic resistance of 
nosocomial staphylococci (methicillin), gram-negative 
bacilli (aminoglycosides and expanded-spectrum beta-
lactams), and enterococci (vancomycin or ampicillin), 
and the sixfold increase in Candida infections during the 
past 2 decades indicates that it is of highest priority to 
reduce antimicrobial pressure within ICUs.

■ Novel technology holds the greatest promise for 
prevention of nosocomial infection in general, 
particularly the development of medical devices that are 
intrinsically resistant to infection.

■ Identifying more effective ways to communicate 
knowledge of infection control to hospital personnel, 
especially with regard to handwashing, aseptic use 
of devices, and antibiotic therapy, and to apply it 
consistently in all hospitals would have vast immediate 
benefi ts.
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