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Introduction 
Normal body temperature is considered to be 
37°e or 98.6°F. This temperature varies by 
O.5-1.0oe in healthy individuals, depending on 
the circadian rhythm and menstrual cycle [1]. 
With heavy exercise, body temperature can 
rise 2-3°e [2]. Temperature is usually measured 
orally, rectally, or in the axilla. Electronic probes 
are used to measure tympanic membrane tem
perature. In critically ill patient, the thermistor 
of a pulmonary artery catheter is used as the gold 
standard device for measuring temperature [3}. 
Thermistors in indwelling bladder catheters 
provide temperature readings that are identical 
to those provided by thermistors in pulmonary 
artery catheters O}. In addition to many biolog
ical processes, environmental factors, such as spe
cialized mattresses, hot lights, air conditioning, 
cardiopulmonary bypass, peritoneal lavage, 
dialysis, and continuous hemofiltration, can 
alter patient body temperature in an intensive 
care unit (leU) [2}. Thermoregulation can 
be disrupted by drugs or by damage to the 
central or autonomic nervous system [2}. In 
many IeUs, all patients with temperature 
~38.3°e (lOO.9°F) are considered to be febrile 
and warrant special attention [2}. 

A wide range of biological processes can cause 
fever. Although we consider infection to be the 

main cause of fever, noninfectious processes can 
also cause fever. Sepsis, a systemic inflammatory 
response to infection, is a frequent cause of fever 
in leU patients. Patients admitted to the leu 
for respiratory failure, hemodynamic instability, 
or central nervous dysfunction caused by the sys
temic inflammatory response syndrome (SIRS) 
resulting from infection are considered to have 
primary sepsis. Sepsis that develops in patients 
after admission to the leu for noninfectious 
conditions is defined as secondary sepsis. Some 
patients may have normal or low temperature, 
despite having infection (Table 1). In this 
chapter, we will review the pathogenesis, differ
ential diagnosis, and investigation of fever in 
critically ill, immunocompetent adults. 

Pathogenesis 
Endogenous and exogenous pyrogens cause fever 
[1]. Exogenous pyrogens come from outside the 
host, whereas endogenous pyrogens are produced 
by the host. The majority of exogenous pyrogens 
are microbes, their toxins, and other products. 
Endotoxins produced by Gram-negative bacteria 
and exotoxins and enterotoxins produced by 
streptococci and staphylococci are examples of 
exogenous pyrogens. Many exogenous pyrogens 
act by inducing the formation of endogenous 
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TABLE 1. Conditions associated with the 
absence of fever despite the presence of sepsis 

Old age 
Severe sepsis 
Open abdominal wounds 
Large burns 
Extracorporeal membrane oxygenation 
Antiinflammatory medications 
Antipyretic medications 

TABLE 2. The mechanisms of actions 
of some medications and substances 
impairing the febrile response to infection 

Affect prostaglandin synthesis 
Block brain cyclooxygenase, e.g., aspirin, 

nonsteroidal antiinflammatory drugs, 
corticosteroids 

Alter the ability of endogenous pyrogens to 
stimulate prostaglandin production, e.g., 
somatostatin, arginine vasopressin, a-melanocyte 
stimulating factor, adrenocorticotropin and 
corticotropin-releasing hormone 

Interfere with neural transmission, e.g., 
acetaminophen 

pyrogens VIa stimulation of the host's cells. 
However, lipopolysaccharide, an exogenous 
pyrogen produced by Gram-negative organisms, 
can act directly on endothelial cells of the 
brain to generate fever. Fever occurs when an 
inflammatory process of infectious or noninfec
tious origin stimulates primarily monocyte/ 
macrophages, but also lymphocytes, endothelial 
cells, hepatocytes, epithelial cells, keratinocytes, 
and fibroblasts, to synthesize and release endoge
nous pyrogens: e.g., tumor necrosis factor 
(TNF), interferon, interleukin-l (IL-1), and 
interleukin-6 (IL-6). Upon reaching the hypo
thalamic thermoregulatory center these inflam
matory cytokines induce an abrupt release of 
prostaglandins that increase the thermostatic set 
point and produce heat {l}. To produce fever 
two conditions must be met: the hypothalamic 
thermostat needs to be raised to a higher set
ting and the peripheral mechanisms regulating 

peripheral heat loss (peripheral vasoconstriction) 
and/or internal heat production (shivering) must 
be intact {l}. 

Medications and other substances impair the 
febrile response to infection by different mecha
nisms (Table 2). 

In many situations, elevating body tempera
ture increases chances for survival. The growth 
and virulence of several bacteria are impaired 
at high temperatures. Fever improves host 
defense responses by enhancing neutrophil 
migration, increasing production of antibac
terial substances, increasing production of 
interferon, increasing the antiviral and antitu
mor activity of interferon, increasing T cell 
proliferation, and decreasing the growth of 
microorganisms in an iron-poor environment 
{4}. Fever may also protect against pathogen
induced disturbances in homeostasis {4}. High 
temperature increases the phagocytic and bacte
ricidal activity of neutrophils and enhances the 
cytotoxic effects of lymphocytes. However, fever 
can increase the metabolic demand and lead to 
cardiac decompensation, weight loss, negative 
nitrogen balance, muscle wasting, decreased 
mental status and seizure. 

Differential Diagnosis 
The cause of fever in the ICU varies according 
to the patient population and type of ICU. 
Both infectious and noninfectious conditions can 
cause fever in critically ill patients {5, 6}. The 
diagnostic approach to fever in critically ill 
patients is based on the magnitude of the fever, 
fever pattern, and presence of localizing signs. 
Temperatures above 41.1 DC (106DF) are rarely 
caused by an infection [5}. Temperature eleva
tions ~38.9DC (102 DF) mayor may not result 
from an infection [S}. Although leU patients 
with a temperature between 38.9DC (102DF) and 
41.1 DC (lo6DF) may have noninfectious causes 
of fever, most temperature elevations >38.9DC 
(102DF) in critically ill patients result from 
infection, except for drug fever and acute 
adrenal insufficiency [5}. Single fever spikes with 
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temperature between 3S.9°C (102. OF) and 
41.1°C (106°F) that terminate spontaneously are 
unlikely to result from an infection [5}. Infec
tion is the most common cause of prolonged 
fever (> five days) in critically ill patients [6}. 

Sepsis is a major threat to the recovery of 
critically ill patients and represents a diagnostic 
challenge to physicians in charge of their care. 
Clinical criteria are insensitive in identifying 
causes of fever. Furthermore, several pathologic 
conditions may coexist in a single patient and 
make correct diagnosis and treatment even more 
difficult. The host response to noninfectious 
tissue injury of critically ill patients can lead to 
fever. Such causes include hematomas, traumatic 
injury to soft tissue, tissue ischemia without 
infection, pulmonary contusion, atelectasis, 
chemical pneumonitis, and acute respiratory dis
tress syndrome (ARDS). Subarachnoid hemor
rhage can produce a severe febrile response, 
usually a few days following the acute bleeding. 
Certain noninfectious conditions present with 
a sepsis-like picture. Neuroleptic malignant 
syndrome, systemic vasculitides, anaphylaxis, 
acute pancreatitis, extensive tissue injury due to 
crush, rhabdomyolysis, vascular occlusion, and 
heat stroke can mimic sepsis. The sympath
omimetic and anticholinergic activity associated 
with cocaine and phenothiazine intoxication, the 
cholinesterase blockade from organophosphate 
poisoning, and withdrawal from alcohol, opiates, 
and barbirurates can also lead to fever. A thor
ough understanding of the epidemiology and the 
various causes of fever is necessary to avoid 
misdiagnosis and inappropriate treatment. This 
understanding then allows a systematic approach 
in the diagnosis of the causes of fever and use of 
the most appropriate tests. The infectious and 
noninfectious causes of fever in critically ill 
patients are listed in Table 3. 

EPIDEMIOLOGY OF SEPSIS 

The incidence of infection and the spectrum of 
causative organisms in the ICU change over time 
{7}. In a multicenter study of 12,001 patients in 
the United States, the incidence of sepsis was 

two per 100 hospital-admissions IS}. Fifty-five 
per cent of the episodes of sepsis originated in an 
ICU. The sources of infection were respiratory 
in 42%, bacteremia with undetermined site in 
12%, genitourinary in 11 %, abdominal in 10%, 
device-related in 6%, wound/soft tissue in 5%, 
central nervous system in 2%, endocarditis in 
1 %, others in 3%, and undetermined in S%. The 
organisms identified to cause the septic episodes 
were Gram-negative in 39.S%, Gram-positive in 
31 %, fungi in 6.1 %, intraabdominal anaerobes 
in 2%, unclassified organisms in 4.8%, and 
polymicrobial in 16.3%. The most common 
Gram-negative organisms were Enterobacteri
aceae in 27.1%, Pseudomonas in 9.8%, and 
Haemophilus in 1.3%. The most common 
Gram-positive organisms were Staphylococcus 
aureus 1n 13.9%, Enterococcus 1n 6.1%, 
coagulase-negative Staphylococcus in 5.7%, and 
Pneumococcus in 2%. In a nationwide surveil
lance network of hospitals in the United States, 
10,617 episodes of nosocomial blood stream 
infections were identified {9}: 64.4% due to 
Gram-positive organisms, 27% due to Gram
negative organisms, and 8.4% due to fungi. 
Coagulase-negative staphylococci and Staphylo
coccus aureus were the two most common 
organisms; 29% of the S aureus and 80% of the 
coagulase-negative staphylococci isolates were 
methicillin-resistant; 3% of the Enterococcus 
focalis strains and 50% of Enterococcus faecium 
isolates displayed resistance to vancomycin. 

The sources of infection in the ICU reported 
through the National Nosocomial Infections 
Surveillance System in the United States and 
European Prevalence of Infection in the Inten
sive Care are listed in Table 4. Analysis of sur
veillance data, collected through the National 
Nosocomial Infections Surveillance System on 
181,993 patients from medical ICUs in the 
United States showed 87% of primary blood 
stream infections were associated with central 
lines, 86% of nosocomial pneumonias were 
associated with mechanical ventilation, and 
95% of urinary tract infections were associated 
with urinary catheters {1O}. Coagulase-negative 



22 SECTION 1. GENERAL ASPECTS 

TABLE 3. Infectious and noninfectious causes of fever in critically ill patients 

Infectious 

Central nervous system 
Meningitis 
Encephalitis 
Intracranial pressure monitor infection 

Cardiovascular 
Endocarditis 
Intravascular catheter infection 
Suppurative phlebitis 

Respiratory 
Pneumonia 
Tracheobronchitis 
Empyema 

Ear, nose and throat 
Suppurative parotitis 
Sinusitis 
Posterior pharyngeal space infection 
Otitis 

Renal 
Urinary tract infection 
Pyelonephri tis 

Abdominal 
Viral hepatitis 
Acalculous cholecysti tis 
Intraabdominal abscess 
Peritonitis 
Spontaneous bacterial peritonitis 
Antibiotic-associated colitis 
Pseudomembranous colitis 
Diverticulitis 

Skin and soft tissue 
Wound infection 
Mediastinitis 
Burn infection 
Decubitus ulcer infection 

Musculoskeletal 
Osteomyelitis 
Septic arthritis 

Metabolic/endocrine 

Noninfectious 

Intracranial bleeding 
Intracerebral 
Subarachnoid 
Subdural 

Nonhemorrhagic infarction 
Seizures 

Dissecting aortic aneurysm 
Dressler's syndrome 
Venous thrombophlebitis 
Myocardial infarction 
Pericarditis 

Fibroproliferative phase of ARDS 
Pulmonary emboli/infarction 
Atelectasis 
Chemical pneumonitis 

Nonviral hepatitis 
Cholecystitis 
Pancreatitis 
Ischemic coli tis 
Inflammatory bowel disease 

Adrenal insufficency 
Hyperthyroidism 
Alcohol or drug withdrawal 
Heat stroke 
Malignant hyperthermia 
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TABLE.3 (Continued) 

Infectious 

Hematologic 

Neoplastic 

Miscellaneous 

staphylococci (36%) were the most common 

bloodstream infection isolates, followed by Ente

rococci (16%), and Staphylococcus aureus (13 %). 

Twelve per cent of bloodstream isolates were 

fungi. The most common isolates from pneu

monia were Gram-negative aerobic organisms 

(64%). Pseudomonas aeruginosa (21 %) and Staphy
lococcus aureUJ (20%) were the most frequently 

isolated organisms. Candida albicam was the 

most common single pathogen isolated from 
urine and constituted just over half of the fungal 
isolates. Certain pathogens were associated with 
device use: coagulase-negative staphylococci 

Noninfectious 

Deep venous thrombosis 
Hemolysis 
Hemorrhage 

Gastrointestinal 
Occult hematoma 
Retroperitoneal 

Sickle cell crisis 
Thrombotic thrombocytopenic purpura 

Lymphoreticular/hematopoietic 
Metastasis 
Solid tumors 

Carcinoma of pancreas, lung, bone, colon 
Hepatocellular carcinoma 
Hypernephroma 

Drugs 
Fat embolism 
Procedures 

Bronchoscopy 
Colonoscopy 
Intravenous catheter placement 
Urinary catheterization 

Surgery 
Toxic epidermal necrolysis 
Transfusion 
Collagen vascular disease 
Gout/pseudogout 
Vasculitis 
Reaction to intramuscular injection 
Intravenous contrast reaction 

with central lines, Pseudomonas aerugtnosa and 

Acinetobacter species with ventilators, and fungal 

infections with urinary catheters. 

In a multicenter survey of 10,038 patients 

from ICUs of 17 West European countries, 

44.8% had infection [II}. The most fre

quently isolated organisms were Enterobac

teriaceae (34.4%), Staphylowccus aureus I (30.1 %), 
Pseudomonas aeruginosa (28.7 %), coagulase

negative staphylococcus (19.1%) and fungi 
07.1%). 

In another multicenter study of 1589 patients 

treated in ICUs in France, infections were 
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TABLE 4. The sources of nosocomial infection 
in the ICU in the United States and Europe 

NNIS[10} EPIC[1l} 

N = 181,993 N = 10,038 

Urinary tract 31% 14.6% 
Pneumonia 27% 38.9% 
Blood stream 19% 9.9% 
Wound NR 5.7% 
Ear, nose, throat 4% 4.3% 
Skin and soft tissue NR 4.0% 
Gastrointestinal 5% 3.7% 
Cardiovascular 4% 2.4% 
Other 10% 16.5% 

NNIS = National Nosocomial Infections Surveillance System. 
EPIC = European Prevalence of Infection in the Intensive Cate. 
NR = Not reported. 

identified in 13.1% of patients [l2}: the venti
lator-associated pneumonia (VAP) rate was 
9.6%; sinusitis, 1.5%; central venous catheter
associated infection, 3.5%; central venous 
catheter-associated bacteremia, 4.8%; catheter
associated urinary tract infection, 7.8%; and bac
teremia 4.5%. 

Pneumonia, nosocomial sinusitis, intravascu
lar catheter-related infection, and urinary tract 
infection account for most of the infections seen 
in ICUs [13}. Most of these infections occur in 
the presence of a foreign object - a catheter or a 
tube [l3}' Even when one source of infection is 
identified, other concomitant sources of infection 
with different pathogens are common in the ICU 
[l3}. 

INFECTIOUS CAUSES OF FEVER IN THE ICU 

Pneumonia. Pneumonia results when a particu
larly virulent organism or a very large inoculum 
reaches the lower airways and overwhelms lung 
defenses. A local inflammatory response follows, 
with accumulation of neutrophils and other 
effector cells in the peripheral bronchi and alve
olar spaces. Locally, the inflammatory exudate 
produces purulent sputum and consolidation 
that can be detected by physical examination and 
chest radiography. Systemically, it causes, among 
others things, fever and leukocytosis. 

Pneumonia is subdivided into community
and hospital-acquired. YAP is defined as pneu
monia that develops in patients who have been 
endotracheally intubated for 48 hours or more. 
Risk factors for YAP include pack-years history 
of smoking, chronic obstructive pulmonary 
disease (COPD), low serum albumin level, the 
presence of intracranial pressure monitor, prior 
antibiotic use, absence of antibiotic therapy, 
multiple organ failure, large volume gastric 
aspirate, H2 blockers and antacids, gastric colo
nization and high pH, colonization of upper res
piratory tract with respiratory Gram-negative 
bacilli, supine head position, positive end
expiratory pressure (PEEP) level, reintubation, 
tracheostomy, duration of mechanical ventila
tion, failure of subglottic aspiration, and low 
intracuff pressure [l4-16}. The cumulative inci
dence of pneumonia in ICU patients requiring 
mechanical ventilation is 12.1 % compared to 
0.74% in those who do not require mechanical 
ventilation [l6}. For patients receiving mechan
ical ventilation for 48h or more, the incidence of 
pneumonia is 20.5 cases per 1,000 mechanical
ventilation days [l6}. 

The incidence of the organisms causing 
hospital-acquired pneumonia varies from hospi
tal to hospital and within different units of the 
same hospital. Early-onset hospital-acquired 
pneumonia is likely to be caused by Strepto
coccus pneumoniae, nonpseudomonal Enterobacter 
species, Escherichia coli, Hemophilus injluenzae, 
Klebsiella species, Serratia marcescens, and methi
cillin-sensitive Staphylococcus aureus [l7}. Late
onset hospital-acquired pneumonia is likely to 
be caused by Pseudomonas aeruginosa, methicillin
resistant Staphylococcus aureus, and Acinetobacter 
species, in addition to the organisms causing 
early-onset pneumonia [l7}. Certain risk factors 
are associated with specific pathogens: recent 
abdominal surgery and witnessed aspiration with 
anaerobes; coma, head trauma, diabetes mellitus, 
and renal failure with Staphylococcus aureus; high
dose corticosteroid therapy with Legionella; and 
prolonged ICU stay, steroid therapy, antibiotics, 
and structural lung disease with Pseudomonas 
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aerugtnosa. Uncommon pathogens can cause 
nosocomial pneumonia under certain conditions. 

Clusters of Legionellosis have been related 
to contaminated water and cooling towers, as 
well as to soil movement, in an area related 
to the hospital. Candida species can cause pneu
monia in patients on broad spectrum antibiotics. 
Aspergillus /umigatus should be considered as a 
possible pathogen when there are construction 
activities and faulty ventilator systems around a 
hospital. Staphylococcus aureus and PseudomonaJ 
aeruginosa are the two most common organisms 
causing YAP [l6}. About 40% of YAP have 
polymicrobial etiology [16}. Anaerobes are 
uncommon causes of VAP in critically ill 

patients [l8}. 
The diagnosis of pneumonia in noncritically 

ill patients is usually made on the basis of symp
toms, signs, chest radiographs, and respiratory 
secretions. In ventilated patients, this combina
tion of signs is shared by a variety of other con
ditions occurring either alone or in combination, 
making it difficult to distinguish YAP from 
other infectious or noninfectious processes, char

acterized by fever and pulmonary densities. In a 
study of SO critically ill patients with fever and 
pulmonary densities, a comprehensive diagnos

tic approach led to definitive diagnosis in 90% 
of the patients [13}. Although infections were 
the most common causes of the fever and pul
monary densities, pneumonia was identified in 
40% [13). In six other studies U9-24} involv
ing 317 patients on mechanical ventilation with 
suspected YAP, only 110 (35%) had pneumonia. 
An alternative diagnosis for pulmonary densities 
was described for 118. Chest radiographic find
ings are nonspecific for the diagnosis of pneu
monial (21, 25-27). Alternative diagnoses for 

radiographic densities in patients with suspected 
YAP include atelectasis, congestive heart failure, 
ARDS, pulmonary embolism, pulmonary fibro
sis, pulmonary hemorrhage, neoplastic disorders, 
nonbacterial pneumonia, chemical aspiration, 
near-drowning, neurogenic pulmonary edema, 
smoke inhalation, fat embolism, drug reaction, 
pulmonary contusion, acute interstitial pneu-

monitis, occupational lung disease, bronchiolitis 
obliterans organizing pneumonia, connective 

tissue diseases and hypersensitivity pneumonia 
[13, 28}. Patients with atelectasis and congestive 

heart failure may have one or more extrapul
monary infectious sources of fever. 

In selecting a diagnostic method, the follow
ing factors should be considered: cost effec
tiveness, availability, expertise, severity, and 
likelihood of changing empirical treatment. An 
attempt should be made to establish a correct 
etiologic diagnosis of pneumonia to permit 
optimal antibiotic selection and to identify 
pathogens of potential epidemiological signifi
cance. Using invasive methods to diagnose YAP 
is controversial {29, 30}. However, a recent, ran
domized, controlled, multicenter study showed 
reduced mortality and antibiotic use in patients 
who underwent bronchoscopy for the diagnosis 
of YAP [3l}. 

Urinary Tract Infection. Urinary tract infection 
(UTI) is a common nosocomial infection in ICU 
patients {32}. Bacteremia occurs in up to 4% and 
usually results from pyelonephritis, perinephric 
abscesses, or obstructive uropathy, often in dia
betic patients. Progression of UTI to sepsis 
results in a 14% excess mortality {33, 34}. 
Eighty per cent of these infections are related to 
using urinary catheters (35). Placing a urinary 
catheter creates several avenues for bladder 
colonization: loss of the normal urethral wash
ing mechanism, catheter contamination at the 
catheter-tubing junction, and retrograde flow of 
microbes from the collecting bag. Indwelling 
catheters may result in incomplete bladder 
emptying, providing a culture medium for 
unchecked proliferation of bacteria (36). Bladder 
mucosal damage from catheter manipulation 
or overdistention from a blocked catheter may 
enhance bacterial invasion [37}. Rarely, UTI 
may arise by hematogenous seeding from a 
distant site. 

Risk for UTI is highest in patients who 
require catheterization for more than a week 
[38}. Fifty per cent ofUTIs occur within 10 days 
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of ICU admission {32}. Aerobic Gram
negative rods are the predominant pathogens, 
with Escherichia coli being the most common. 
In hospitalized patients, a high frequency of 
Pseudomonas spp, Enterococcus spp, coagulase
negative staphylococci, and Candida spp are 
encountered. Candida albicans is the most 
common organism isolated from the urine of 
patients in United States ICUs (39)' Anaerobic 
UTI may occur in critically ill surgical patients 
and should be suspected when cultures are neg
ative with a positive Gram stain [40). Anaerobes 
multiply in the urinary tract when the oxygen 
tension is low, such as in scar tissue, tumors, and 
necrotic tissue. Persistent or relapsing Proteus 
mirabilis bacteriuria should prompt evaluation 
for staghorn calculus. Corynebacterium urealyticum 
is associated with an alkaline urine and renal 
stones [41}. Isolation of Staphylococcus aureus from 
the urine culture should raise the possibility of 
seeding from the bloodstream. 

Signs and symptoms of local inflammation, 
such as suprapubic tenderness and dysuria, are 
rarely found in critically ill patients with UTI. 
UTI should be suspected in bladder-catheterized 
patients with fever and leukocytosis. Cultures of 
urine obtained by aspiration from a sampling 
port on the catheter itself are probably adequate 
to diagnose UTI. Studies show that cultures 
obtained by this method correlate with cultures 
from suprapubic aspiration in at least 90% of 
cases [42}. The usual threshold of 105 organisms 
used in noncatheterized patients may be inap
propriate for patients with indwelling catheters. 
Although prospective studies to establish a 
specific quantitative level diagnostic of infection 
have not been done, some sources suggest that 
bacteriuria of 102 colony forming unit (CFU)/ml 
should be considered significant and treated as 
UTI (43), The urinalysis should be consistent 
(presence of leukocytes, large numbers of bacte
ria, positive nitrite test, positive leukocyte 
esterase) to rule out a false-positive culture 
resulting from a delay in culturing the specimen. 

Ultrasound is used to investigate patients 
with upper urinary tract infection and suspected 

obstruction. Complications such as cortical 
abscess, acute focal bacterial nephritis, and per
inephric abscess are better defined by CT scan. 
Accurate placement of percutaneous drains into 
suppurative collections may require CT scan 
guidance. Intravenous urography is superior in 
demonstrating the collection system and thus 
confirming a diagnosis of papillary necrosis. 
Emphysematous pyelonephritis is characterized 
by gas formation in the renal parenchyma and 
surrounding tissues and is observed in patients 
with uncontrolled diabetes. The diagnosis can be 
made by plain radiograph, ultrasound or CT 
(44). CT may show gas in the muscular layer of 
the bladder in patients with pyocystis (45). 

Intravascular Catheter-Related Infections. 
Nosocomial infections related to intravascular 
lines continue to be an important and serious 
complication in critically ill patients. The 
microbial flora colonizing the skin at the inser
tion site are the primary source of exogenous 
contamination of the catheter {46-49}. Local 
trauma induced by introducing the catheter 
facilitates entry of microorganisms that prolifer
ate on the surface of the catheter (50). Bacteria 
either advance or multiply distally along the 
external catheter surface (within the subcuta
neous tract) and ultimately gain access to the 
venous circulation. In the absence of any other 
externally provided nutrient, bacteria adhere to 
irregularities on the catheter surface within 30 
minutes, and heavy colonization occurs within 
six to 12 hours. These colonies become covered 
by a slimy material (glycocalyx) that enhances 
bacterial adherence and serves as a barrier against 
the host defense mechanisms [51}. Additional 
but less common mechanisms of catheter-related 
infections include contamination of the catheter 
tip during episodes of bacteremia or fungemia 
and microbial contamination of the infusate. 

A prospective multicenter cohort study 
reported that 9.3% of 623 central venous 
catheterizations were associated with infection 
[52}. The chance of a patient developing bac
teremia from a central line has been estimated to 
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be 0.3% to 0.5%/catheter/day {53}, Catheter
related sepsis is associated with substantial 
morbidity and an average added hospital cost 
of $4000 per episode {54}. Factors reported to 
increase the risk for catheter-related infections 
include age, loss of skin integrity, presence of 
neutropenia, chemotherapy, radiation therapy, 
thrombogenicity of catheter materials, not 
using antibiotic impregnated catheters, vascular 
cutdown, emergency catheter placement, trans
parent dressings, lack of aseptic technique at the 
time of placement, site of insertion (internal 
jugular> subclavian > peripheral), duration of 
catheterization, use of multi lumen catheters, 
multiple attempts at vessel cannulation, exces
sive manipulation of the catheter, severity of 
underlying illness and infection at another site 
{55}. The type of skin disinfectant used prior to 
insertion may also be important. Ten per cent 
povidone-iodine and 70% isopropyl alcohol 
appear to be inferior to 2% aqueous chlorhexi
dine in preventing catheter-related infection and 
bacteremia {56}. The risk of bacteremia associ
ated with peripheral venous catheters is less 
than 1 % {57, 58}. The frequency of bacteremia 
related to peripheral arterial cannulation is about 
1 % {59, 60}. 

Because most episodes of catheter-related 
infection can be traced to bacteria that colonize 
the patient's skin at the insertion site, Staphylo
coccus species constitutue approximately two
thirds of all catheter-related infection {54}. 
Coagulase-negative staphylococci have a propensity 
to adhere to plastic catheters and result in 
catheter-related infections {61}. Enteric Gram
negative and fungal infections are more often 
related to hematogenous seeding from a distant 
site {62, 63}' 

Erythema, warmth, and purulence at the 
insertion site are often absent in patients with 
catheter-related infection. Fever and leukocyto
sis should alert the clinician that a central or 
arterial line may be the source of infection. 
Metastatic infection and endocarditis should 
heighten suspicion of a catheter source of infec
tion. Signs of infection at the insertion site 

warrant removal of the catheter. Even in the 
absence of local signs of infection, fever in criti
cally ill patients should prompt removal or 
exchange over a guide wire of any central venous 
catheter present for more than 48 hours. 
Catheters in place for less than two days rarely 
show significant growth {49}' Resolution of 
fever following catheter removal is consistent 
with a diagnosis of catheter-related infection. 

Bacteriologic confirmation of catheter
related infection is based on isolating potential 
pathogens in significant numbers on semiquan
titative cultures, according to guidelines estab
lished by the Centers for Disease Control and 
Prevention {64, 65}. When catheters <3 inches 
are removed, the entire catheter from just inside 
the skin surface to the tip should be cultured. 
When large central catheters are removed, both 
a 2-inch intracutaneous segment and the tip 
should be cultured. When pulmonary artery 
catheters are cultured, the introducer should be 
cultured as well. The culture is performed by 
rolling a 5-cm catheter segment (intracutaneous 
portion for long cathethers and tip for short 
catheters) across a blood agar plate in a repro
ducible manner. Growth of 15 or more colonies 
is considered diagnostic of catheter-related infec
tion and is associated with a 16% incidence 
of bacteremia. In one study, no episodes of 
bacteremia or clinical infection occurred in cases 
with fewer than 15 colonies (50}. When 
catheter-related infection is suspected, at least 
two sets of blood cultures should be drawn. 
Comparison of blood cultures drawn through the 
catheter with those from a peripheral venipunc
ture has been suggested, but no clear advantage 
to this approach has been shown {66}. Differen
tial quantitative blood cultures with a 10-fold 
or higher differential count from blood drawn 
from a catheter compared to blood drawn from 
a peripheral vein indicates catheter-related infec
tion {67}. Multiple positive blood cultures are 
needed for organisms that may be disregarded 
as contaminants, such as coagulase-negative 
staphylococci, Corynebacterium jeikeium, Bacillus 
species, Candida species, or Malassezia species. 
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For patients with fever who are in stable con
dition, it is not necessary to remove or change 
all indwelling catheters. However, if there is evi
dence of tunnel infection, embolic phenomenon, 
vascular compromise, or sepsis, the catheter 
should be removed and cultured, and a new 
catheter should be inserted at a different site [2}. 

Nosocomial Sinusitis. Paranasal sinusitis is a fre
quently overlooked source of sepsis in critically 
ill patients. Sinusitis was first noted as a frequent 
problem in neurosurgical patients because of 
the frequent use of eT scan of the brain, which 

incidentally included the paranasal sinuses. The 
presence of a foreign object in the nasopharynx 
appears to be an important, but not essential, 
risk factor for the development of sinusitis. 
Foreign bodies in the nares can cause mucosal 
edema and inflammation, which may obstruct 
the sinus ostia, thereby impeding the drainage 
of the more than 500 ml of fluid produced by the 
paranasal sinuses each day [68, 69}. Stagnant 
secretions in a closed space contaminated by 
nosocomial pathogens may lead to sinusitis and 
systemic signs of sepsis. Once established in the 
maxillary sinuses, inflammation and infection 
can subsequently spread to the ethmoid and 
sphenoid sinuses [70}. Intracranial spread via 
diploic veins can have devastating consequences 
such as meningitis, brain abscess, osteomyelitis 
of the skull, and cavernous sinus thrombosis 
[71}. 

An epidemiological study of medical leu 
patients with oral intubation found the inci
dence of sinusitis, diagnosed by cultures of 
maxillary aspirates, to be 7.7% [72}. In some 
critically ill patients, sinusitis may be the sole or 
contributing cause of fever. The incidence of 
sinusitis may exceed 15 % in patients intubated 
longer than five days {7 3}' The incidence of 
sinusitis is higher in patients intubated nasotra
cheally than in those intubated orotracheally 
{74l A randomized study assessing the system
atic search for maxillary sinusitis demonstrated 
the presence of nosocomial sinusitis in 40% 
of nasotracheally intubated, mechanically venti-

lated patients {75}. In patients who are hospi
talized in an leu for at least 48 hours, the inci
dence rates of nosocomial sinusitis were 17.4 
cases per 1000 patient-days and 19.8 cases per 
1000 nasoenteric tube-days {72}. 

Risk factors for nosocomial sinusitis include 
nasal colonization with enteric Gram-negative 
bacilli, feeding via nasoenteric tube, sedative 

use, and low Glasgow coma score [72l Addi
tional factors also paly roles in the development 
of sinusitis in patients without nasal tubes. 
The recumbent position and limitation of head 
mobility prevent natural sinus drainage due 
to gravity {76, 77}. Recumbency also causes 
decreased venous blood return from the head and 
neck and results in increased nasal congestion 
and narrowing of maxillary sinus ostia [77}. 

Positive pressure ventilation, by raising central 
venous pressure, may compound this problem 
[78}. Impaired ability ro cough or sneeze and the 

simple absence of airflow through the nares in 
mechanically ventilated patients may also pre
dispose to sinus infection {78}. 

Localized symptoms of sinus infection are dif
ficult to elicit in intubated patients, and the first 
manifestation of nosocomial sinusitis is often 
fever or even sepsis without an obvious source 
[79l A purulent nasal discharge may be absent 
in up to 73% of cases [80l Infected purulent 
secretions, when present, may appear in the 
proximal trachea due to aspiration, thus simu
lating tracheobrochitis and pneumonia. Sinusitis 
is a common alternate cause of fever in patients 
with suspected pneumonia and negative bron
choscopic cultures. Furthermore, pneumonia and 
sinusitis often coexist and are frequently caused 
by the same organism [l3}. Sinusitis in leU 
patients is most commonly due to Gram

negative bacilli, and Staphylococcus aureus [72, 76, 
79, 81}. In a study using nasal disinfection 
with povidone-iodine solution prior to transnasal 
puncture to avoid contamination with coloniz
ing organisms, Gram-negative bacilli accounted 
for 47% of infections with Pseudomonas aeruginosa 
being the most common; Staphylococcus aureus 
represented 20% and yeast were found in 18% 
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[74}. Nosocomial sinusitis is of polymicrobial 
etiology in 27-82% of the cases. Mucosal thick
ening, opacification, or air-fluid levels on sinus 
roentgenograms or CT scans suggest the diag
nosis of sinusitis. A sinus puncture is helpful in 
patients with fever and positive findings on sinus 
films. If pus is obtained by maxillary puncture, 
a positive culture may be found in 80% of the 

cases. Antral puncture for drainage and specimen 
collection for Gram stain and culture can guide 
antibiotic selection. In the majority of patients 
with sinusitis, antibiotic therapy is changed as 
the result of antral puncture [82}. In the pres
ence of purulence in the middle meatus on phys

ical examination in conjuction with the presence 
of sinus disease on CT of the sinuses, antral 
lavage confirms purulence in 92% of the maxil

lary sinus [83}. 
The occurrence of YAP in patients undergo

ing prolonged mechanical ventilation via a 
nasotracheal intubation can be prevented by the 
systematic search and treatment of nosocomial 
sinusitis [75}. 

Intraabdominal Infection. Intraabdominal infec
tions, although an infrequent cause of fever in a 
medical ICU, are a significant source of sepsis in 
patients with prior abdominal surgery or trauma. 
It is analyzed in detail in Section 7. Intraabdom
inal sepsis results when bacteria or fungi are 
introduced into the peritoneal cavity from pen
etrating trauma, surgery, instrumentation (e.g., 
peritoneal dialysis or paracentesis), perforated 
viscus, translocation through intact bowel (e.g., 
spontaneous bacterial peritonitis), ischemic 
bowel, and systemic bacteremia. The evolution 
of the infection depends upon the number of 
invading organisms and the immunologic 
response of the host. An effective inflammatory 
response causes localization of the infection with 
abscess formation. The progressively thicker 

fibrin deposit that surrounds the abscess, 
however, prevents host defenses from completely 
eradicating microbes, even when appropriate 
antibiotics are administered [84]. In patients 
without prior surgery, abscesses form most 

commonly in the lower quadrants of the 
abdomen or pelvis. Widespread contamination 
of the abdominal cavity results in peritonitis. In 
spontaneous bacterial peritonitis and peritonitis 
related to peritoneal dialysis catheters, chronic 
ascites becomes infected without overt loss of 
bowel mucosal integrity. Another cause of 

peritonitis in patients admitted to the ICU 
for nonsurgical problems is the development of 
ischemic enterocolitis from either a low cardiac 

output state or high-dose vasopressor therapy. 
Overgrowth of certain bacteria within the gut 
lumen, as occurs in antibiotic-associated colitis, 
can cause fever or can result in perforation. 

Intraabdominal sources of fever are identified 
in 11% of patients with suspected YAP [l3}. 
Intraabdominal infections represent a common 
infectious cause of fever in patients with ARDS 
and carry a poor prognosis. One prospective study 
found that the abdomen was a major site of infec

tion in 13% of 129 ICU patients with ARDS 
[85]. In one autopsy study of ARDS patients, 
whose site of infection was undetermined ante
mortem, autopsy showed the lungs to be the 
source of infection in 8 of 10 patients with nega
tive blood cultures and the peritoneum in 7 of 9 
patients who had positive blood cultures [85}. 

Prompt diagnosis and treatment of intraab
dominal infection results in decreased mortality 
[86]. Gastrointestinal bleeding, gastrointestinal 
malignancy, abdominal surgery, and pancreatitis 
are risk factors for intraabdominal infection. 

Pain is a common manifestation of intraab
dominal infection. The classical clinical findings 
suggesting an intraabdominal abscess are often 
absent in critically ill patients and are frequently 
masked by altered mental status and adminis
tration of sedatives, narcotics, neuromuscular 
blockers, or steroids. In one study of patients 

with intraabdominal abscess, only 36% had 
localized tenderness and 7% had a palpable mass 
[87]. Approximately one-third of patients with 
primary peritonitis have no signs or symptoms 
of sepsis referrable to the abdomen [88]. Because 
of these limitations, clinicians should suspect 
an intraabdominal source of infection in the 
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presence of unexplained sepsis, hypovolemia, 
and abdominal distention. Abdominal disten
tion with absence of bowel movements or diar
rhea, derceased bowel sounds, and abdominal 
pain are nonspecific findings in intraabdominal 
infections. In the appropriate clinical setting, a 
febrile patient should have the abdomen evalu
ated even in the absence of localizing signs and 
symptoms. 

Ultrasound examination will help in detect
ing biliary tract disease, and inflammatory 
processes or abscesses of the liver, perihepatic 
region, pancreas, retroperitoneum, and pelvis. 
CT scan is the examination of choice for 
suspected intraabdominal sepsis of unclear etiol
ogy, and it helps in detecting abscesses and 
inflammatory masses associated with the bowel 
(89]. 

PSEUDOMEMBRANOUS COLITIS. Pseudomembra
nous colitis usually presents with diarrhea and 
systemic symptoms following antimicrobial 
therapy. However, it will occasionally present 
with sepsis or an acute abdomen in the absence 
of diarrhea, blood per rectum, and tenderness 
over the descending colon. Repeated examina
tion of the abdomen is needed, looking for per
sistent, localized pain, tenderness, or guarding. 
Consultation with a general surgeon is required. 
Clostridium difficile accounts for 10%-25% of 
all cases of antibiotic-associated diarrhea and 
100% of antibiotic-associated pseudomembra
nous colitis (90]. When pseudomembranous 
colitis is suspected, a stool should be tested for 
Clostridium difficile toxin, and, if there is no diar
rhea, sigmoidoscopy or colonoscopy may be 
diagnostic (see Chapter 44). 

PERITONITIS. Primary peritonitis occurs in 
patients who have ascites secondary to cirrhosis 
of the liver, congestive heart failure, or end stage 
renal disease. Although most patients with peri
tonitis present with signs of peritoneal irritation, 
some have no symptoms or signs referrable to the 
abdomen. Gram stain and culture of peritoneal 
fluid usually yields aerobic enteric organisms. 
However, in about 35% of patients with bacte
rial peritonitis, the ascitic fluid cultures may 

be negative (91, 92]. Secondary bacterial peri
tonitis is caused by contamination from the gut 
lumen, and multiple organisms are usually found 
in the ascitic fluid. Patients with secondary 
bacterial peritonitis are unlikely to respond to 
antibiotics alone and usually require surgical 
treatment. Patients who develop peritonitis from 
an infected peritoneal dialysis catheter require 
removal of the catheter if the infection does not 
respond to antibiotic treatment (see Chapter 49). 

CHOLECYSTITIS. Biliary tract infection should 
be considered when sepsis and hyperbilirubine
mia coexist. Biliary tract infection results from 
calculous cholecystitis, acute cholangitis, and 
acalculous cholecystitis. Ultrasonography, CT, 
endoscopic retrograde cholangiography, and per
cutaneous hepatic cholangiography are used to 
detect dilated and obstructed biliary tree. 
Calculous cholecystitis results from obstruction 
of the cystic duct by a gallstone and is treated by 
cholecystectomy. Cholangitis, bacterial infection 
within the bile duct, presents with right upper 
quadrant abdominal pain, jaundice and fever. 
Treatment consists of biliary decompression 
and antibiotics. Biliary decompression can be 
achieved surgically, endoscopically, or percuta
neously. Rapid clinical and biochemical 
improvement indicates the adequacy of the 
decompression. If a patient with acute cholangi
tis does not improve despite decompression, CT 
scan should be obtained to look for hepatic abscess 
induced by the cholangitis (see Chapter 47). 

ACALCULOUS CHOLECYSTITIS. Acalculous chole
cystitis may occur in a patient with no known 
biliary disease and require prolonged intensive 
care support. The cause is most likely multifac
torial. Prolonged absence of enteral feeding 
results in decreased gallbladder emptying and 
progressive concentration of noxious bile acids 
within its lumen {93}' Prolonged spasm of the 
sphincter of Oddi caused by narcotic analgesics, 
especially morphine, promotes bile stasis (94]. 
Use of mechanical ventilation with PEEP pro
duces decreased portal blood flow, biliary stasis, 
and elevated bilirubin (95, 96]. Hemodynamic 
instability and use of vasopressor agents may 
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compromise circulation to the gallbladder 
epithelium. Taken together, these risk factors 
predispose to a combine ischemic-chemical 
injury and secondary infection by gut flora 
ascending the biliary tree [93}. 

Acalculous cholecystitis is diagnosed in 
less than 1 % of long-term ICU patients [97}; 
however, at the time of surgery, 40% to 100% 
already have advanced disease with gangrene, 
empyema, or perforation [98}. The most 
common organisms cultured from bile are 
Gram-negative aerobes, such as E coli, Klebsiella, 
Enterobacter and Proteus. Streptococcus, Entero
coccus, Staphylococcus, and anaerobes are also 

seen [93, 97, 99). 
The onset of acalculous cholecystitis is insid

ious, its presenting symptoms are nonconstant, 
and its neglect can lead to necrosis of the gall
bladder with sepsis and death [100}. Right 
upper quadrant pain and tenderness are absent 
in 50% to 75% of cases {93, 94). Elevations of 
white blood cell count, alkaline phosphatase and 
bilirubin are neither sensitive nor specific for 
the diagnosis of cholecystitis. Elevated bilirubin 
may be seen as a manifestation of sepsis or 
multiorgan failure, where it is associated with 
the specific histologic finding of cholangiolar 
cholestasis (I0l). The presence of fever without 
an obvious source should alert one to consider 
acalculous cholecystitis, especially in the pres
ence of risk factors such as a prolonged critical 
illness, recent surgical procedure, use of narcotic 
analgesics, and prolonged absence of enteral 
nutrition {94, 97). 

Filling of the gallbladder in a biliary radionu
clide scan rules out cholecystitis (102). Findings 
of pericholecystic fluid in the absence of ascites, 
intraluminal gas, or a sloughed mucosal mem
brane in ultrasonography or CT are diagnostic 
of acalculous cholecystitis [94}. A thick-walled 
gallbladder in a patient without generalized 
edema suggests acalculous cholecystitis. Percu
taneous bile aspiration for culture has high false
positive and false-negative rates. If the clinical 
index of suspicion for acalculous cholecystitis in 
a deteriorating patient is high, surgical inter-

vention will confirm the diagnosis and lead to 
improvement. 

The traditional approach to treating acalcu
lous cholecystitis has been urgent laparotomy 
and cholecystectomy. Recently, ultrasound
guided percutaneous placement of a cholecys
tostomy drainage catheter has become popular, 
especially in patients at high risk for surgery. 
One study reported an 87% long-term success 
rate and no mortality with this procedure (103). 
Percutaneous transhepatic drainage can lead to 
significant clinical improvement in patients 
who are too sick to undergo laparotomy 
(104). Postdrainage cholangiography can be 
done through the indwelling catheter and, 
if normal, may obviate the need for open 
cholecystectomy later [99}' Transpapillary 
endoscopic cholecystostomy has been reported 
to be another effective alternative for gallblad
der drainage in patients at high risk for 
surgery (I 05). Because one of the most consis
tent risk factors for acalculous cholecystitis is 
the absence of enteral nutrition, all attempts 
should be made to feed ventilated patients 
by this route. Mortality rates associated with 
acalculous cholecystitis range from 7% to 44% 
{94, 106). 

INTRAABDOMINAL ABSCESS. Pyogenic liver 
abscess can result from trauma, perihepatic 
infection, systemic bacteremia, portal bac
teremia and cholangitis. Patients with hepatic 
abscess usually present with right upper quad
rant abdominal pain, and the diagnosis can be 
confirmed with ultrasound or CT. Percutaneous 
drainage is the preferred treatment of hepatic 
abscess. 

Splenic abscess can result from trauma, direct 
extension, or bacteremia. The diagnosis can 
be established with ultrasound or CT of the 
abdomen, and the optimal treatment is splenec
tomy with percutaneous drainage as a temporiz
mg measure. 

Intraabdominal abscesses that are too small to 
be seen by CT or ultrasound examination and 
intraloop abscesses can lead to occult sepsis. At 
times, a short segment of ischemic or necrotic 
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bowel may be difficult to detect. If such segment 
is in the left colon, colonoscopy may be needed. 

Central Nervous System Infection. Although 
there are numerous noninfectious reasons for 
fever and change in mental status of a critically 
ill patient, intensivists should maintain a high 
index of suspicion for central nervous system 
(CNS) infection [10n The diagnostic evalua
tion for suspected CNS infection includes CT 
of the brain and lumbar puncture. In patients 
with focal neurological findings suggesting 
disease above the foramen magnum, imaging of 
the brain is needed before lumbar puncture. In 
patients with suspected brain abscess, the bacte
riologic yield of cerebrospinal fluid (CSF) analy
sis is too low to justify the risk of herniation 
associated with lumbar puncture [lOS}. Aspira
tion of the suspected brain abscess is the diag
nostic procedure of choice [2]. When a patient 
with an intracranial device becomes febrile, CSF 
should be obtained for analysis. If the patient has 
a CSF reservoir, the reservoir should be aspirated 
[2]. If a patient with ventriculostomy or lumbar 
drain catheter develops signs of meningitis, the 
catheter should be removed and the tip cultured 
[2}. The CSF should be analyzed for cell 
count and white blood cell differential, glucose, 
protein, Gram stain, and bacterial culture. Addi
tionally, tests for tuberculosis, fungal disease, 
and neoplasia should be performed if dictated by 
the clinical situation [2}. Lumbar puncture in 
surgical ICU patients withour a recent history of 
head trauma or a neurosurgical operation has a 
low yield for the diagnosis of bacterial meningi
tis [l09} (see Chapters 24, 29 and 30). 

POSTOPERATIVE FEVER 

Fever is seen in 9% of patients postoperatively 
(lIO}. Fever during the initial 4S hours after 
surgery is usually of noninfectious origin [111, 
112}. Atelectasis is often considered to be a 
cause of postoperative fever. However, clinicians 
should be aware that aspiration during the peri
operative period and community-acquired infec
tion that has been incubating before surgery can 

cause fever postoperatively [2]. Persistence of 
fever> four days after surgery for intraabdomi
nal infection should raise suspicion for persistent 
or new infection. The overall incidence of 
wound infection is 3%-6% in the United States. 
Wound infection, except from group A Strepto
cocci and Clostridia, is uncommon during the 
first few days following surgery. Surgical wound 
sites should be examined for erythema, puru
lence and tenderness. If infection of the wound 
site is suspected, the wound should be opened 
and Gram-stain and cultures should be per
formed on pus or material obtained from deep 
within the wound site [2]. Postoperative fever 
can be caused by erysipelas, myonecrosis, and 
toxic shock syndrome from group A Streptococci 
or Staphylococcus aureus. Fever can also be caused 
by crush syndrome, hematoma and tetanus in a 
surgical patient. Other causes of postoperative 
fever include deep vein thrombosis, suppurative 
phlebitis, pulmonary embolism and catheter
related infection. 

NONINFECTIOUS CAUSES OF FEVER 

Many factors predispose critically ill patients 
to fever of noninfectious etiology. The common 
noninfectious causes of fever include neoplasia, 
central nervous system dieases, myocardial 
infarction, drug and transfusion reactions and 
alcohol withdrawal. In one study of critically ill 
patients, noninfectious sources of fever were 
more common in patients with ARDS, and most 
were caused by histologically proven pulmonary 
fibroproliferation [l3]' The noninfectious causes 
of fever are listed in Table 3. 

Pulmonary Fibroproli/eration. ARDS is a clini
cal and physiopathological entity characterized 
by acute and diffuse injury to the endothelial and 
epithelial surface of the lung that leads to respi
ratory failure. Late ARDS refers to the clinical 
stage of ARDS when the lung attempts to repair 
the initial or persistent injury to the endothelial 
and epithelial lining of the respiratory units. Its 
histological correspondent is termed "fibropro
liferative phase" which, if unhalted, can progress 
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to extensive fibrosis. Histological and laboratory 
data indicate that an exaggerated and persistent 
inflammatory response in the lungs of patients 
with late ARDS results in recurrent injury to 
the alveolo-capillary barrier and amplification of 
intraalveolar fibroproliferation [113}. In addi
tion ro the inability to improve lung function, 
progressive fibroproliferation can manifest with 
fever and may be clinically indistinguishable 
from nosocomial pneumonia [114-116}. Fibro
proliferation may be the sole cause of fever in up 
to 25% of the episodes of fever developing in 
patients with late ARDS [13}' Elevation in 
pulmonary and systemic inflammatory cytokines 
plays a pathogenic role in causing fever in the 
absence of infection [114}. A recent randomized 
trial has found prolonged methylprednisolone 
treatment to be highly effective in reducing 
inflammation and improving lung function in 
patients with unresolved ARDS [11 7}. 

Drug Fever. The diagnosis of drug fever requires 
that fever coincides with the administration of a 
drug and disappears after discontinuation of the 
drug and other causes are excluded. Clinicians 
need to look for evidence of allergy and inflam
mation in organs most commonly involved in 
adverse drug reactions: skin rashes, liver enzyme 

TABLE 5. Medication associated with drug fever 

elevations, nephritis, hemolytic anemia, and 
thrombocytopenia. Drugs may not cause fever 
until one week into treatment. Clinical findings 
are nonspecific with relative bradycardia (10%), 
rash (18%) and eosinophilia (22%) occurring 
infrequently [l18}. Withdrawal of the suspected 
drug is helpful. Antibiotics, particularly p
lactams, are the medications most commonly 
associated with drug fever [l19, 120}. Quini
dine, procainamide and phenytoin are also 
commonly implicated [119, 120}. However, any 
drug can cause fever. Some medications that 
cause fever, such as sedatives, analgesics, and 
sulfa-containing stool softeners, may be over
looked [I2l}. The mechanisms by which drugs 
induce fever have not been well delineated. The 
fact that drug fever occurs after days of exposure 
to the offending agent, are dose independent, 
recur immediately after a provocative dose of the 
offending agent, and are occasionally accompa
nied by eosinophilia may indicate an allergic 
mechanism. Other proposed mechanisms of drug 
fever include altered thermoregulation, pharma
cologic action, idiosyncratic susceptibility from 
a hereditary biochemical defect, pyrogenic 
contaminants, and administration-related 
reaction [l22, 123}. Some of the medications 
associated with drug fever are listed in Table 5. 

Frequent 
Antimicrobials ~-lactam agents, sulfonamides, vancomycin, quinine, isoniazid, pyrazinamide, 

Inotropes/vasoactive 
Antiarrhythmic 
Antiepileptic 
Others 

Infrequent 
Antimicrobials 

Inotropes/vasoactive 
Antiarrhythmic 
Others 

rifampin, amphotericin B 
Methyldopa, hydralazine, amrinone, dobutamine 
Quinidine, procainamide, amiodarone, atropine 
Phenytoin, barbiturates, phenothiazines, carbamazepine 
Toxic level of salicylates, cytotoxic drugs, propylthiouracil, iodides, histamine 

type 2 blockers, ibuprofen 

Aminoglycosides, chloramphenicol, macrolides, tetracycline, clindamycin, 
metronidazole, vitamin preparations 

Digoxin, nitroprusside, nitrates, intravenous adrenergic agents 
Lidocaine, bretylium, ~-blockers 
Benzodiazepines, acetaminophen, opiates, corticosteroids, theophylline, inhaled 

bronchodilators, insulin 
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Malignant hyperthermia and neuroleptic malig
nant syndrome can cause high fever. Malignant 
hyperthermia is caused by medications such as 
succinylcholine and inhalational anesthetics. 
Although malignant hyperthermia is often iden
tified in the operating room, its onset can be 
delayed for 24 hours. Neuroleptic malignant 
syndrome is associated with antipsychotic 
drugs such as phenothiazines, thioxanthines and 
butyrophenones. 

Acute Pancreatitis. Pancreatitis is an inflamma
tory disease of the pancreas. Acute pancreatitis 
is characterized by an inflammatory response 
caused by the release of pancreatic enzymes with 
resultant tissue destruction and septic com
plications and multiple organ failure [l24}. 
The two most common conditions associated 
with acute pancreatitis are ethanol use and 
biliary tract stones. The etiology of pancreatitis 
in ICU patients may be multifactorial and 
include trauma [l25}; upper abdominal surgery 
[l26-128}; cardiopulmonary bypass [l26-129}; 
heart, liver, and kidney transplantation 
[l30-132}; endoscopic rettograde cholan
giopancreatography [133}; abdominal aortic 
aneurysm repair [134}; and drugs including thi
azides, ethacrynic acid, furosemide, azathioprine, 
dideoxyinosine and pentamidine [135}. 

Although it is difficult to evaluate the 
critically ill, patients with acute pancreatitis 
may complain of abdominal pain, nausea and 
vomiting. Fever, leukocytosis and unexplained 
hemodynamic instability may be seen. Serum 
and urine amylase are useful for diagnosing 
of pancreatitis. But serum lipase is more reliable. 
Routine chest and abdominal radiographs may 
show atelectasis, pleural effusion, ileus, pancre
atic calcification, gallstones, and free intraperi
toneal fluid. However, these findings are 
nonspecific, and ultrasound or CT is needed 
to better visualize the pancreas and other 
intraabdominal structures. The local complica
tions of pancreatitis include necrosis, pancreatic 
abscess, and pseudocyst, which may be infected. 
These complications may require percutaneous 

drainage and surgical debridement, in addition 
to antibiotics (see Chapter 46). 

Other Causes. Fever associated with transfusion 
of red blood cells and platelets most frequently 
occurs in patients who have received multiple 
transfusions. The fever may present alone or with 
intravascular hemolysis and ARDS. 

The rapid lysis of a large burden of tumor cells 
in tumor lysis syndrome and the liberation of 
biologically active fragments of lysed organisms 
in the Jarisch-Herxheimer phenomenon can be 
associated with fever. 

Infusion of IL-2, granulocyte-macrophage 
colony-stimulating factor, and granulocyte 
colony-stimulating factor an lead to cytokine
related fever. 

Penicillins, erythromycin, vancomycin, 
amphotericin B, potassium chloride, and certain 
chemotherapeutic agents can cause phlebitis 
associated with fever when they are peripherally 
administered. 

APPROACH TO PATIENTS WITH FEVER 
IN THE ICU 

In most ICUs, YAP, nosocomial sinusitis, 
catheter-related infection, and urinary tract 
infection are the leading sources of fever, followed 
by intraabdominal infections and pulmonary 
fibroproliferation in patients with ARDS [5}. 
Because multiple infections are a common occur
rence, identifying one source of fever cannot 
exclude the concomitant presence of another 
source. The work-up of a critically ill patient 
with fever should start with a search for a source 
of infection. Recognizing the complex differen
tial diagnosis in critically ill patients, every ICU 
should develop a diagnostic protocol, taking into 
consideration the prevalence of specific con
ditions and the diagnostic yield of individual 
tests. Although most sources of infection can be 
detected with a systematic approach, a number of 
patients will have negative results of all tests. In 
stable patients, we prefer withholding new 
antibiotic therapy while the diagnostic evalua
tion is in progress. However, if the patient has 
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History and physical examination 

Suggest intraabdominal 
infection 

Culture of urine, blood and 
vascular catheter Chest radiograph 

No source identified 

~ 

~ ~ 
Infiltrate No infiltrate 

~ 
PSBIBAL 
Tracheal aspirate 

~ ~ 
Source identified No source identified .--------

Sinus radiograph/Cf 

N f 
egrve 

illtrasound or CT of the abdomen 

Source identified sourc! identified 

Loot for deep vein thrombosis 
Look for drug fever (stop unnecessary medications) 
111 Indium scan 

* PSB = protected specimin brush 
t BAL = bronchoalveolar lavage 

FIGURE 1. Diagnostic approach to fever in critically 
ill, endotracheally intubated patients. 

clinical evidence of a severe infection with sys
temic involvement characterized by hypotension, 
metabolic acidosis, or worsening organ function, 
initiating broad-spectrum antibiotic therapy 
should not be delayed. Because antipyretics have 
the potential of decreasing host defense mecha
nisms and preventing the use of fever as a diag
nostic aid, they should not be administered to 
patients unless the fever presents a threat [5}. 

The approach to critically ill, endotracheally 
intubated patients with fever is outlined in 
Figure 1. Investigation of a critically ill patient 
with fever should start with a thorough history 
and physical examination. During the physical 
examination, special attention should be paid to 
sites of catheter or tube insertion (i.e., chest tube, 

p t oSIt1ve 

+ 
Sinus puncture 

intracranial pressure monitor, central lines, 
urinary catheter, nasoenteric tube), and the 
abdomen [5}. However, physical findings are 
insensitive for identifying the source of infection 
in critically ill patients. Abdominal sources of 
fever and urinary tract infection are not correctly 
diagnosed in the majority of cases. Clinical 
assessment fails (most of the time) to correctly 
predict pulmonary fibroproliferation, empyema, 
catheter-related infection, or nosocomial sin
usitis [l3}. Pneumonia can present without 
the typical findings and without infiltrates on 
chest radiograph, especially in intravascularly 
volume-depleted patients. Central nervous 
system infection usually manifests as nuchal 
rigidity, headache, or impaired level of con-
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sciousness, but confusion may be the only 
manifestation, particularly In the elderly. 
Urinary tract infection can present without 
localizing symptoms, particularly in the elderly. 
Urinary tract infection presents without pyuria 
in diluted urine, ureteric obstruction, per
inephric abscess, and prostatitis. Abnormal 
physical findings are almost nonexistent in 
mesenteric ischemia. 

General 
The diagnostic work-up of a critically ill patient 
with fever should include complete blood cell 
count, chest radiograph, urinalysis, urine culture 
and blood culture. Blood culture should be 
performed for leu patients with new fever, even 
when clinical findings do not strongly suggest 
an infectious cause {2}. The site of venipuncture 
should be cleaned with either 10% povidone 
iodine or 1 %-2% tincture of iodine. Because 
of needle-stick injury, the needle used for 
venipuncture need not be replaced by a sterile 
needle to inoculate blood into a culture tube 
{136}. At least 10-15 ml of blood should be 

drawn for each blood culture. The sensitivity of 
blood culture depends on the volume of blood 
drawn {13 7}. Blood culture collection systems 
for children should not be used for adults, 
because the concentration of organisms in 
children is higher than in adults {138}. 

The usefulness of antibiotic removal devices in 
blood culture systems is controversial. No more 
than three blood samples for culture need to be 
drawn during the initial 24 hours after onset of 
new fever, and in most situations two blood 
samples are sufficient. Each sample should be 
drawn by separate venipuncture {2}. Drawing 
two blood samples from separate venipuncture 
sites, 10 minutes apart, is recommended {2}. If 
venipuncture is difficult to perform and if there 
is an intravascular device in place, the second 
blood sample can be drawn from the device. 
However, in cases of discordant results, where 
blood drawn from the device is positive and 
blood drawn by venipuncture is negative, the 
isolate is usually considered contaminant. Addi
tional investigation can be obtained as indicated 
(Table 6). Even in the absence of fever, the 
presence of leukocytosis, left shifted leukopenia, 

TABLE 6. Suspected sites of infection and suggested diagnostic work-up 

Suspected intracranial infection 
Respiratory infection 

Wound infection 
Intraabdominal infection 

Bone or joint infection 

Complicated urinary tract infection 
Primary bacteremia 

General 

I PSB = protected specimen brush. 
2 BAL = bronchoalveolar lavage. 
l (P)BAL = protected bronchoalveolar lavage. 
4 HIDA = hepatic iminodiacetic acid. 

CT scan of the head, lumbar puncture 
Sputum or tracheal secretion for Gram stain and quantitative culture 
Bronchoscopy with PSB1 and/or BAL2 or (P)BALl 

Ultrasound or CT scan of the chest 
Radiograph of nasal sinuses followed by needle aspiration 
Needle aspiration of pleural fluid 
Gram stain and culture of wound drainage 
Imaging of abdominal contents by ultrasound or CT scan 
HIDA4 scan 
Needle aspirate of peritoneal fluid collection or abscess 

Radiograph and/or bone can, needle aspiration for Gram stain and 
culture of joint 
Ultrasound or CT scan of kidney and perinephric space 
Semiquantitative culture of all indwelling vascular catheters 
Echocardiogram (preferably transesophageal) 
67Gallium scan, l11Indium scan 
Surgical exploration 
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thrombocytopenia, respiratory alkalosis, hypox
emia, cholestasis, elevated transaminases, 
hyperglycemia and lactic acidosis calls for the 
work-up to identify a focus of infection. 

PULMONARY 

Diagnosing the cause of fever and pulmonary 
densities based on findings of the physical exam
ination, laboratory tests and chest radiograph is 
not reliable [13, 139}' Although bedside chest 
radiographs are adequate in identifying clinically 
important abnormalities in critically ill patients, 
CT of the thorax may identify unsuspected 
sources of fever in selected patients {l40). If a 
patient is suspected of having lower respiratory 
tract infection, lower respiratory secretions 
should be obtained for direct examination and 
culture. Respiratory secretions can be obtained 
by expectoration, hypertonic saline induction, 
deep tracheal suctioning, bronchoscopic and 
nonbronchoscopic protected brush, or bron
choscopic or nonbronchoscopic alveolar lavage. 
Early microscopic identification of organisms 
within the alveolar cells G~2% intracellular 
organisms) recovered by bronchoalveolar lavage 
is helpful in establishing the presence of pneu
monia, and the Gram stain is helpful in selecting 
antimicrobial therapy. Pulmonary secretions 
should be transported to the laboratory and 
processed within two hours of collection so that 
any fastidious organisms, such as Streptococcus 
pneumoniae do not die. A Gram stain should be 
performed in most situations. In appropriate 
circumstances, direct tests such as potassium 
hydroxide wet mount for detecting fungi, 
enzyme immunoassay (EIA) for influenza A virus, 
an acid fast stain for mycobacteria, a fluorescent 
antibody stain for Legionella, or an immunofluo
rescent stain for Pneumocystis carinii should be 
performed. Pleural fluid should be obtained for 
Gram stain and routine culture if there is an adja
cent infiltrate or another reason to suspect infec
tion and the fluid can be safely aspirated. Blood 
should be obtained for culture in patients with 
suspected pneumonia. Although blood culture 
has low yield, the isolation of a respiratory 

pathogen is highly specific for diagnosing bacte
rial pneumonia. Pulmonary fibroproliferation as 
a cause of fever remains a diagnosis of exclusion, 
after ruling our pneumonia and extrapulmonary 
sources of infection. Methods to diagnose or 
exclude pulmonary fibroproliferation as a cause of 
worsening respiratory failure have included 
gallium (67Ga) scintigraphy, open-lung biopsy, 
and laboratory markers of inflammation and 
fibrosis [141}. The inability to improve gas 
exchange and lung mechanics by day seven of 
ARDS reflects progression of fibroproliferation, 
and in most patients with late ARDS, no test is 
necessary to confirm the diagnosis. Other fre
quent causes of radiographic densities in criti
cally ill patients are atelectasis and congestive 
heart failure, which clear within 24 to 48 hours 
of adequate treatment. 

PARANASAL SINUSES 

Plain radiographs, ultrasound, CT scans, and 
MRI scans are used to diagnose acute sinusitis. 
Nasal endoscopy can also be helpful in making 
the diagnosis [142}. Although CT provides the 
best visualization of the paranasal sinuses, a 
portable sinus radiograph series may be sufficient 
in unstable patients. Mucosal thickening, opaci
fication, or air-fluid levels suggest the presence 
of infection. In one study of 35 CT scans of the 
sinuses, 33 (94%) were abnormal, and six of 
these (18%) showed pansinusitis (13), Because 
radiographic abnormalities do not always 
represent infection, microbiologic diagnosis is 
established with direct aspiration and culture 
of material from the maxillary sinus. Positive 
cultures are found in up to 70% of aspirates [13}. 
Using a nasal disinfection protocol before aspi
ration and a diagnostic threshold of 103CFUlml 
to diagnose infection, one study found positive 
cultures in 38% of cases {73}. Bacteremia with 
identical organisms occurs in 17% to 25% of 
patients with nosocomial sinusitis [13, 73J. 
Maxillary sinus puncture is not only diagnostic 
but therapeutic in allowing drainage of infected 
material. If the patient does not show signs of 
improvement within 48 hours, more aggressive 
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measures should be taken. In some cases, 
surgical drainage in the operating room may be 
required [79}' Because nosocomial sinusitis is a 
common occurrence, it is advisable to replace 
nasoenteric tubes orally and to apply deconges
tants if the diagnostic evaluation is delayed. 

INTRAVASCULAR CATHETERS 

If catheter-related infection is suspected, eVI
dence of inflammation or purulence at the site of 
catheter insertion, along the tunnel, connector 
sites, and ports of infusate should be sought. 

URINARY TRACT 

When urinary tract infection is suspected, urine 
should be obtained for direct microscopy, Gram 
stain and quantitative culture. The urine should 
not be collected from the drainage bag, because 
bacteria may multiply in the bag. The catheter 
should be clamped and urine aspirated from the 
port. For patients without a bladder catheter, a 
midstream clean-catch urine specimen should be 
collected. The collected urine should be trans
ferred to the laboratory rapidly or refrigerated. 

ABDOMEN 

A patient with clinically septic picture but no 
obvious source of infection occurs frequently in 
the ICU. Pneumonia, urosepsis, blood stream 
infection, and line sepsis can often be ruled our. 
Attention should then focus on the abdomen, 
even if the patient has no known preexisting 
gastrointestinal pathologic condition. Plain 
abdominal radiograph may detect ileus, mega
colon, peritoneal fluid, and free peritoneal air. 
To identify a focal intraabdominal infection or 
abscess, ultrasonography and CT are required. 
CT and ultrasonography are both good screening 
tests for patients with suspected intraabdominal 
sepsis. Ultrasonography can be done at the 
bedside and is most valuable in assessing the 
liver, perihepatic area, and biliary system [l43}' 
CT can also evaluate these areas and are of greater 
value in detecting intraabdominal abscesses 
{l44} with a specificity of over 90% [84}. One 
study reported abdominal CT findings to signif-

icantly modify management in 55% of patients 
and to be misleading in only 9% [145}. 
However, abscesses may be missed if the bowel 
is not adequately opacified with contrast or if 
the abscess is too small to be seen on CT [88}. 
Because abdominal ultrasound can be done at the 
bedside, this is perhaps the best initial diagnos
tic test. Sensitivity of ultrasound is reported to 

be 67% to 92% with specificity of >90% [146, 
147}. If the initial study is negative and the 
clinical suspicion remains high, sensitivity may 
be enhanced by serial exams detecting progres
sive dilatation of the gallbladder and increasing 
edema of its wall [148, l49}' CT scanning, 
although not as convenient, may have sensitiv
ity and specificity exceeding 95% and has the 
additional advantage of detecting pathology 
present elsewhere in the abdomen [93}' 

A negative CT scan or ultrasound does not 
rule out intraabdominal infection. Diagnostic 
peritoneal lavage is another potentially useful 
test [150, l5I}. Finding pus, bacteria, and ele
vated leukocyte count in diagnostic peritoneal 
lavage fluid indicates intraabdominal infection. 
99mTc hepatic iminodiacetic acid (HIDA) scan, 
useful in cases where gallstones are present, have 
an unacceptably high false-positive rate in acal
culous cholecystitis, especially in patients not 
receiving enteral nutrition [l46}. Diagnostic 
laparoscopy has recently been reported to be safe 
and definitive in diagnosing acalculous chole
cystitis but is not yet widely used [152}. 

Ascitic fluid should be sampled and cultured. 
Mesenteric ischemia can be diagnosed by CT, 
but angiography is the preferred study. 
Angiography has little value in the diagnosis of 
ischemic colitis where the optimal investigation 
is colonoscopy [153}' 

In critically ill patients with fever and diarrhea, 
a stool should be tested for C. difficile. Because 
other causes are unlikely in immunocompetent 
patients, sending stools for bacterial cultures or 
for ova and parasites is not needed. Although 
most patients with C. difficile colitis present with 
diarrhea, some patients may present with ileus or 
toxic megacolon. Endoscopy or CT may reveal 
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colitis. The gold standard for the diagnosis is 
tissue culture assay for C. difficile. EIA provides 
the answer within 2-3 hours, but sensitivity is 

72% on the first and 84% on the second sample 
compared to 81% and 91%, respectively, for 
tissue culture toxin assay. Fecal leukocyte exami
nation is sensitive but nonspecific. Cultures for C. 
difficile are technically difficult and require 2-3 
days for growth. Although endoscopic visualiza
tion may identify the pseudomembranes, it is 
rarely needed because of its cost and risk of perfo
ration. When all attempts fail to identify the 

source of sepsis, laparotomy may be needed. 
However, laparotomy in the absence of localizing 
clinical and laboratory findings does not improve 
patient outcome [154}. 

Conclusion 
Because no single test has a high diagnostic yield 
for most common infections and fever is fre
quently multifactorial in origin, combinations of 
tests are often needed in a critically ill patient 
with fever. The combination of bronchoscopy 
with protected specimen brush, and/or bron
choalveolar lavage or protected bronchoalveolar 
lavage, CT scan of the sinuses and maxillary sinus 

aspirate, cultures of central venous and arterial 
catheters, urine and blood has a diagnostic yield 
of 74% in critically ill patients [13}. At times, 
testing for pneumonia, sinusitis, catheter-related 
infection and urinary tract infection may have 
negative results. If no localizing signs are 
found in such patients, 67Gallium-citrate and 
III Indium-labeled leukocyte scintography can be 

used to identify the sites of inflammation {l5 5, 
156}. Radionuclide studies such as G7Ga and 
III In-labeled white blood cells are sensitive but 

not specific and have the further disadvantage of 
a 24- to 48-hour delay in obtaining results [15 7}. 

The greatest strength of these imaging modali
ties is that the whole body is evaluated, and unex
pected sources of fever may be detected in up to 
16% of patients [158]. Taken together, CT, ultra
sound, and radionuclide studies will diagnose 
abscesses in greater than 90% of patients [153}, 

and a stepwise approach to their use has been pro
posed [l58}. Although it will not help identify 
the focus of infection, elevated serum C-reactive 

protein may correlate with the presence of sepsis 
[l59}' 

Initially, the combination of tests used in 
the diagnostic work-up of critically ill patients 
with fever may be more expensive than 

empiric, broad-spectrum antibiotic coverage 
alone. The overall cost of care of patients treated 
empirically, however, could escalate because of 
monitoring drug levels, complications of inap
propriate antibiotic therapy (bacterial superin
fections, fungemia, antibiotic toxicity, etc.), or 

failure to treat unrecognized serious processes 
correctly and promptly. Because this assumption 
has not been evaluated prospectively, it remains 
an area of controversy [160}. However, until 
proven otherwise, management of critically ill 
patients should not be exempted from the rule 

of knowing what we are treating. 
We thank Ms Gail Spake and Dr David Arm

bruster for reviewing and editing the chapter. 
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