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Abstract

Background and Aims: A febrile response is a common phenomenon in the ICU (Intensive Care Unit), often
with complex and unknown origins. Fever is only one component of a febrile response and may or may not be an
indication of severe infection.

Subjects and Methods: A febrile response caused by severe infection/s is often accompanied by neutropenia
where the absolute neutrophil count goes below 500/mm3, or is predicted to go below 500/mm3 over the next 48
hours. Febrile neutropenia is generally an indication for an infection requiring the commencing of empirical
antibiotics after taking appropriate cultures. However, severe infections may also occur in the absence of fever or
neutropenia.

Conclusion: In cases of new fever, or fever of unknown origin, it is highly recommended that the latest IDSA
(Infectious Disease Society of America) or SCCM (Society of Critical Care Medicine) guidelines be followed. Some
recently launched antimicrobials not yet covered by the IDSA are discussed and maybe useful for treatment of drug
resistant cases. It may also be useful to remember that fever is more often a friend than a foe.

Introduction
Fever is a normal adaptive response of the body to infectious and

non-infectious causes involving a cytokine-mediated response, the
generation of acute phase reactants, and the activation of numerous
physiologic, endocrinologic and immunologic systems. In the intensive
care unit (ICU), fever is a very common occurrence. ��� percent of
medical patients are known to become febrile during their
hospitalization, while up to 90% of critically ill patients with severe
sepsis are known to experience fever during their stay in the ICU [1,2].
About half of all newly detected febrile episodes are of non-infectious
origin. In the ICU, fever should be treated in cardiorespiratory and
neurosurgical patients and in those in whom temperature exceeds 40°C
(104°F) [3]. Antipyretic therapy must be ����� regardless of the
metabolic cost, the result and the side ���� �� presence of fever
��� leads to an array of diagnostic tests and procedures with
increased medical costs and exposure of patients to antibiotics. Most
importantly, the inappropriate use of antibiotics at this stage can result
in antibiotic resistance. ��� evaluation of the febrile patient in the
ICU requires a meticulous, attentive and a more restrictive approach
than simply starting antibiotic therapy. In this review, we ��� discuss
the complex causes and pathophysiology of a febrile response and then
go on to discuss the best approaches for management of the febrile
response for patients in the ICU.

Pathophysiology of a febrile response
�� febrile response is a complex pathophysiological response to

disease. It includes the activation of various physiologic, immunologic

and endocrinologic systems [4-6]. Fever, which usually is only one
component of the febrile response, is ���� as a single oral
temperature measurement of 101°F or higher, or a temperature of
100.4°F or higher sustained over a 1 hour period [7].
Recommendations of the Society of Critical Care Medicine (SCCM)
and Infectious Disease Society of America (IDSA) formulate that any
new fever in the ICU should be investigated only if the temperature is
101°F or greater [7].

Causes, diagnostic approach and treatment of fever in the
ICU

Critically ill patients frequently show a single spike of elevated
temperature that generally returns to normal without any treatment
being ���� ��� events have no clinical ������ and are related
to ����� interventions, such as blood transfusion, placement of a
uninary catheter or endotracheal suctioning, etc. Any fever that is
related to an invasive procedure and without transient bacteremia,
frequently self dissipates, whereas fever caused by underlying chronic
diseases, or medical complications, or reactions to drug therapy may
require intervention. �� following sections cover the febrile response
in both infectious and non-infectious scenarios. A list of the
commonly observed causes of fever in the ICU are listed in Table 1.
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Infected body part Cause of infection Non-infectious Causes

Infections of the Central
Nervous System (CNS) Meningitis, encephalitis

Posterior fossa syndrome, central fever, seizures, cerebral infraction, hemorrhage,
cerebrovascular accident

Infections of the
Cardiovascular System

Central line, infected pacemaker, endocarditis,
sterna osteomyelitis, viral-pericarditis

Myocardial infarction, myocardial/ perivalvular abscess, balloon pump syndrome, post-
pericardiectomy syndrome

Infections of the
Pulmonary System

VAP, mediastinitis, tracheobronchitis,
empyema

Pulmonary emboli, ARDS, atelectasis (without pneumonia), BOOP, bronchogenic
carcinoma without postobstructive pneumonia, systemic lupus erythemaosus
pneumonitis

Infections of the Gastro-
Intestinal (GI) tract

Intra-abdominal abscess, cholangiitis,
cholecystitis, viral hepatitis, peritonitis, diarrhea
(Clostridium difficile)

Pancreatitis, acalculus cholecystitis, ischemia of the bowel, bleeding, cirrhosis, ischemic
colitis, irritable bowel syndrome

Infections of the Urinary
tract

Bacteremia, urosepsis, pyelonephritis,cystitis
associated with the catheter

Infections of the Skin/soft
tissue Wound infections, decubitus ulcers, cellulitis --

Infections of the Bone/
joint Arthritis, chronic osteomyelitis Acute gout

Other causes Transient bacteremia, sinusitis, etc.

Postoperative fever (48 h), fever after transfusion, drug fever, adrenal insufficiency,
phlebitis/ thrombo-phlebitis, neoplastic fever, alcohol/drug withdrawal, delirium tremens,
deep venous thrombosis

Table 1: Commonly observed infective and non-infective agents causing fever in the ICU [3].

Febrile response in the ICU caused by infectious agents
Infections in the ICU occur at a rate of between 10% and 20%

(according to NNIS and EPIC studies respectively). Ventilator-
associated pneumonia (VAP) is the most common, followed by
sinusitis, bloodstream and catheter-related infections. ��� are
followed in frequency by nosocomial diarrhoea and wound infections
[8,9]. Primary evaluation includes: (i) a chest radiograph and CT scan;
(ii) cultures of secretions from the lower respiratory tract before
antibiotics administration (expectorated sputum, tracheal secretions,
broncho-alveolar lavage BAL obtained by ����� bronchoscopy);
and (iii) in case of pleural ����� stain culture and cytology of the
pleural ��� [10,11]. Blood cultures and other blood tests (PCR, CMV
antigen, galactomannan and beta-D-glucan) can also add value to the
diagnostic procedure [7,11].

Fever due to intravascular devices
�� majority of ICU patients have one or more central venous

catheters (CVC) inserted into their bodies. Many of them might also
have a tunnelled or ��� CVC, or subcutaneous central venous port.
Hence catheter related infections caused by pathogens that colonize a
vascular device are always a possibility in the ICU [3]. According to
recorded literature, such infections are seen at an incidence of about 10
infections/ 1000 catheter days, while the relative risk for their
appearance depends on various parameters such as the period the
catheter is present in situ, the number of ports it has, the number of
manipulations that have been done, the kind of device, and the
techniques used in insertion [10]. �� diagnosis is based on clinical
signs including: the ����� of drawing or infusing through the
catheter, the presence of ������ at the insertion site, and the
recovery of microorganisms in multiple blood cultures [11]. For the
evaluation of those signs, two peripheral blood cultures or one drawn
percutaneously and one drawn through the catheter should be

obtained [12]. �� accepted standard for the diagnosis and treatment
of such infections is the culture of the catheter itself with semi-
quantitative or quantitative catheter tip methods [13].

Sinusitis
Nosocomial sinusitis is an infection more common to closed and

���� spaces. �� are not very frequent but can have serious
consequences upon occurrence [14,15]. �� predisposing factors for
the development of sinusitis include: nasotracheal or nasogastric tube
placement, nasal packing, facial fractures, and steroid administration.
�� diagnosis is made by radiographs, CT scans or magnetic resonance
imaging (MRI) of the sinus [14]. Nasal endoscopy, in conjunction with
plain radiography may also increase the accuracy of diagnosis by a
skilled practitioner [16,17]. Sinusitis occurs at the rate of about 5% of
all nosocomial infections in the ICU ���� mainly neurosurgical
patients, characterized by fever and leykocytosis, while purulent nasal
discharge is ��� lacking (present in no more than 25% of proven
cases).

Fever due to nosocomial diarrhoea
Many patients in the ICU manifest diarrhoea ���� as more than

two stools per day that takes the shape of the container when placed in
it). Diarrhoea can be caused by enteral feeding or by drugs [18]. ��
most common cause of febrile diarrhoea in critically ill patients is
Clostridium ����� (comprising 10%-25% of all cases of antibiotic-
associated diarrhoea). All patients with fever or leukocytosis and
diarrhoea, who receive an antibacterial agent or chemotherapy within
60 days before the onset of diarrhoea, should be suspected of carrying
a C. ����� infection [18-20]. �� standard diagnosis involves the
tissue culture assay, which presents, however, a 24-48 hour delay in
results and high cost, while an enzyme immunoassay test (EIA) for
toxin A and B is commercially available, easy to perform, and able to
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provide results within few minutes to a couple of hours [21]. In case of
severe illness and negative rapid tests for C. �����, ����
sigmoidoscopy procedure remains a secure option for the diagnosis.

Fever due to intra-abdominal and surgical site infections
Intra-abdominal or surgical site infections are the main causes of

ICU admission due to abscess formation or biliary sepsis). ��
diagnosis is facilitated by CT scan of the abdomen, ultrasound and
nuclear medicine techniques (gallium-67, indium-111 white blood cell
scintigraphy) [3,15]. Surgical site infections include mainly the
contamination of the surgical incision depending on the medical co
morbidities of the patient, the duration of the operation, and whether
antimicrobial prophylaxis was administered before incision [22]. It
may be required to open, debride and pack the wound along with
other measures such as percutaneous or operative drainage and the use
of antibiotics [23].

Fever due to urinary tract infections
Urinary tract infections (UTIs) in critically ill patients (mainly

catheter-associated bacteriuria or candiduria) usually ����
colonization, are rarely symptomatic, and are not considered as a
������ cause of morbidity or attributable mortality. �� traditional
clinical symptoms include dysuria, urgency, pelvic or ��� pain, fever
or chills. However, these symptoms are rarely reported in patients in
the ICU with documented catheter-associated bacteriuria or
candiduria [24-28]. In the ICU, Gram-negative bacilli other than E.
coli, Enterococcus species, and yeasts are the major causes of urinary
tract infections [25,28]. To unambiguously prove that the urinary tract
is the source of fever, a specimen of urine should be obtained directly
from the catheter sampling port and evaluated by microscopy, gram-
negative stain, and quantitative culture.

Fever due to fungal infections
Fungi (mainly Candida species) are a major cause of infections and

constitute a very large percentage of nosocomial fungal infections in
critically ill patients. It is associated with ���� risk factors and is
characterized by ����� diagnosis due to lack of diagnostic tools and
the ability to discriminate between colonization and infection. In the
last few years, fungal infections have shown a distinct ��� towards
non-albicans species. �� ���� diagnosis is made by the
������� of the fungi from histologic or, sterile specimens
obtained from the patient [29-32].

Fever due to viral infections
In recent years, infection and antigenic response to cytomegalovirus

(CMV) has been proposed as a cause of unexplained and prolonged
fever in severely ill, immune-competent patients in the ICU, but the
������ of CMV detection is unknown. A high morbidity and
mortality rate is seen in patients with a CMV infection compared with
patients in whom the virus is not undetected [33]. Herpes simplex
virus (HSV) or varicella-zoster virus (VZV) infection are also possible
but must be treated for only upon proper diagnosis.

Fever due to infections of the CNS
In neurocritical patients, fever occurs in 25% of the cases and

almost half of these fevers are non-infectious in nature. In these
patients, the suspicion of infection development must be of high index

because of the inherent limitations of the neurologic examination, the
low yield of lumbar puncture in non immune-compromised patients,
and the contraindications for lumbar puncture performance, which
frequently are met in critically ill patients [33,34]. In these patients, the
diagnosis for a critically ill patient with a new episode of fever is
usually done by imaging study (CT scan of the brain), culture of
cerebrospinal ��� and removal and culture of the placed catheter or
other intracranial device [35,36].

Febrile response in the ICU caused by non-infectious agents
Half of the episodes of fever in the ICU belong to the non-infectious

category, with temperatures not usually exceeding 38.3°C [37].
Experience suggests that clinicians are aided in a ������ diagnosis
by carefully studying the medical history, carefully charting the recent
interventions and by conducting a thorough physical examination of
the patient. However, the type of ICU population (e.g., medical,
surgical, trauma, neurosurgery and burn patients), the ���� type of
patients (e.g., immune-compromised, elderly, etc.), the history of
recent epidemics and the local epidemiology, must also be taken into
account [18].

Post-operative fever in the ICU
Fever is a common phenomenon during the ��� 48 hrs ���

surgery. However, the silver lining is that this kind of early
postoperative fever is usually noninfectious in origin [38]. However, if
the fever persists even 96 hours post-operation, the most likely cause
for such fever is an infection. Recommendations for evaluation of fever
within 72 hours of surgery:

�� surgical site must be examined daily for infections. A culture is
not required or suggested unless there are any obvious signs of
infection.

In patients who are sedentary, have lower limb immobility, have a
malignant neoplasm, or are taking an oral contraceptive, a high level of
suspicion should be maintained for deep venous thrombosis,
������ thrombophlebitis, and pulmonary embolism.

A urine analysis or culture or a chest radiograph is not necessary
during the ��� 72 h post-operation if fever is the only indication.

Drug induced fever in the ICU
About 3%-7% of febrile episodes are attributable to reactions caused

by drugs. Fever caused by drug hypersensitivity or drug-related fever
or ‘‘drug fever’’ are ����� to diagnose and usually established by
exclusion rather than a ����� diagnosis [25]. Several drugs can
cause fever due to hypersensitivity and local ������ at the site of
administration or due to intra-venous and intra-vascular delivery
systems [18]. Tell-tale signs such as the appearance of a maculopapular
rash, an increased WBC count and a moderate elevation of serum
transaminases are rarely accompanied with such fever (less than 5-10%
of cases) whereas peripheral eosinophilia and a markedly elevated
erythrocyte sedimentation rate (>100 mm/h) maybe recorded [18].
�� ����� accompanying signs associated with drug-fever are a
lack of appropriate pulse rate response and a relative bradycardia. ��
high-risk agents for drug-fever include all antibiotics (especially b-
lactams), anti-epileptic drugs (especially phenytoin), antiarrhythmics
(mainly quinidine and procainamide), antihypertensives (a-
methyldopa), diuretics, anti-seizure drugs, and stool ����� [38,39].
Low risk antibiotics include clindamycin, vancomycin,
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chloramphenicol, aztreonam, doxycycline, erythromycin, imipemen,
quinolones, and aminoglycosides [3,39,40]. �� estimated time
between initiating a drug and the appearance of fever is 21 days
(median 8 days) while the fever usually subsides within 72 hours of
drug removal. When present with the fever, a rash may persist for days
or weeks [3,18,39].

Guideline IDSA Recommendations for Evaluation and
Treatment of Patients with Fever and Neutropenia

�� ��� recommendation tries to distinguish the high and low-risk
patients with fever and neutropenia. According to the guidelines [7]:

Patients with anticipated prolonged (>7 days duration) and
profound neutropenia (neutrophil count ANC <100 cells/mm3) are
categorized as high risk. �� are usually accompanied by ������
medical co-morbid conditions, including hypotension, pneumonia,
new-onset abdominal pain, or neurologic changes. High-risk patients
have a MASCC score <21.

Patients with anticipated brief (<7 days duration) neutropenic
periods or no or few comorbidities, are considered to be low-risk.
Carefully selected low-risk patients may be candidates for oral and/or
outpatient empirical antibiotic therapy. Low-risk patients have a
MASCC score >21.

���� Tests and Cultures to be performed during the initial
assessment. Recommendations include [7]:

A complete blood cell (CBC) count with ������ leukocyte count
and platelet count. Measurements of serum levels of creatinine, blood
urea nitrogen, electrolytes, hepatic transaminase enzymes and total
bilirubin are also recommended.

A minimum of two sets of blood cultures, collected simultaneously
from each lumen of a central venous catheter (CVC) if present, or from
a peripheral vein site, are recommended. Two blood cultures from
separate venipunctures must be taken if no central catheter is present.

If other infection sites are clinically indicated or suspected, then
culture specimens from these sites must also be collected.

In patients with indicated respiratory signs or symptoms, a chest
radiograph is highly recommended.

Apart from IDSA guidelines, testing some people for Procalcitinin
(specially those ���� from respiratory infections) may be useful to
detect bacterial infections. �� serum level of procalcitonin goes up
with bacterial replication and goes down when they stop replicating,
hence providing indications as to when to start or stop antibiotics. A
�� study by Schuetz and colleagues included more than 4000 patients
in randomized trials [41]. �� researchers examined the use of
procalcitonin and found a very useful take-home message: If you have
a patient with a pulmonary ����� and you have procalcitonin, you
are going to use antibiotics, probably regardless of the actual
procalcitonin level. ��� researchers showed that physicians are going
to use the antibiotic anyway, but it will help them know when to stop.

Empiric antibiotic therapy appropriate for febrile patients with
neutropenia. Recommendations include [7]:

High-risk hospitalized patients receive intravenous empirical
antibiotic therapy. In case antimicrobial resistance is suspected or
proven, therapy with an antipseudomonal b-lactam agent such as
cefepime, acarbapenem (meropenem or imipenem-cilastatin), or
piperacillin-tazobactam, and other antimicrobials like

aminoglycosides, ��������� and/or vancomycin may be added
to the initial regimen. �� helps prevent antimicrobial resistance as
well as helps manage complications like hypotension and pneumonia.

In cases of ���� clinical indications such as suspected catheter-
related infection, skin or ������ infection, pneumonia, or
hemodynamic instability, antibiotics like vancomycin or others that are
active against aerobic gram-positive cocci are recommended. �� are
however not part of the standard initial antibiotic regimen for fever
and neutropenia.

�� empirical therapy may be ���� for infections with
antibiotic-resistant organisms. For example:

i. For MRSA (Methicillin-resistant Staphylococcus aureus): early
addition of vancomycin, linezolid, or daptomycin is advised.

ii. For VRE (Vancomycin-resistant Enterococcus): early addition of
linezolid or daptomycin is advised.

iii. For ESBLs (Extended Spectrum Beta Lactamase): early use of
carbapenem is advised.

iv. For KPCs (Klebsiella pneumoniae carbapenemase): early use of
polymyxin-colistin or tigecycline is advised.

For low-risk patients who are not anticipated to remain neutropenic
for >7 days, antibacterial prophylaxis is not recommended.

Treatment of superbugs with newer antimicrobials
�� US Food and Drug Administration (FDA) advisory board has

recently approved two new drugs which will be very useful for
treatment of patients ���� from drug resistant infections. Tedizolid
phosphate (Sivextro™) is a drug that is very much like linezolid except
that it is given once a day. Dalbavancin (Dalvance™) is an interesting
drug that has a half-life of 6.5 days. Once injected the patient is
covered for a week, and ��� the second dose the patient gets 2 weeks
of therapy. �� has some unique properties in terms of simplicity of
use and compliance. Last year, US-FDA approved another drug called
Telavancin (Vibativ™) which has proven to be very ����� against
hospital-acquired and ventilator-associated pneumonia [42].

The conserved nature of the febrile response
�� febrile response has been conserved for millions of years among

members of the animal kingdom, both vertebrates and invertebrates.
Upon challenge with bacteria, fever ��� helps the host get rid of the
invading pathogens [43]. ����� fever has been used in the pre-
antibiotic era, with limited success to treat neurosyphilis [44].
However, controlled studies evaluating the ���� of fever in humans
do not exist. Data from in vitro studies and animal studies suggest that
fever may be ����� to the host [1,45]. In fact, in one recent review,
two-thirds of the studies (14 out of 21) demonstrated a deleterious
��� of lowering body temperature [46]. Other studies have
highlighted the ���� of temperature on the minimum inhibitory
concentration of antibiotics to bacteria. At temperatures greater than
38.5°C, the authors of one study reported a progressive increase in the
antimicrobial activity of antibiotics [47] It is therefore widely believed
that a physiology so widely preserved must convey some net ���� to
the host; otherwise it would not have been retained in evolution
despite its high metabolic cost to the host [44,48].
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Concluding Remarks
In conclusion, a structured approach is necessary to properly

diagnose and treat fever in the ICU. �� nature and duration of
antibiotic therapy is dictated by the kind of infection and the site of
infection. If neutropenia is seen, the appropriate antibiotics must
continue atleast until neutropenia lasts (i.e., until Absolute Neutrophil
Count (ANC) is >500 cells/mm3) or longer if clinically necessary. In
cases of unexpected or unexplained fever, the initial antibiotic regimen
must be continued until there are clear signs of marrow recovery; the
traditional endpoint is an increasing ANC that exceeds 500 cells/mm3

[49]. However, when an appropriate treatment course has been
completed and all signs and symptoms of a documented infection have
resolved, patients who are still neutropenic may require an oral
�������� prophylaxis until full recovery. �� high fever in ICU
was associated with ������ increased risk for death 20.3% [50].
Use of practising guidelines and rational therapy may reduce the
mortality and morbidity. Finally, it is important to remember that fever
has myriad immune-stimulatory ���� that maybe ����� to the
patient and it is sometimes prudent to remember the old aphorism
when treating it: Primum non nocere ��� do no harm).
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