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The septic state is defined not only as the 
occurrence of an infection, but also as the gen
eral response of the body towards this infection. 

In the critically ill, severe sepsis must be 
promptly recognized, though this is often dif
ficult to achieve. For this reason the symptoms 
of severe sepsis are reviewed at the beginning of 
this chapter. 

With the recognition of severe sepsis, three 
items of information should be sought: the 
location of infection; the causative organism; 
and the state of the host's immunity. Only with 
at least tentative answers to these questions 
can proper therapy be defined, a point which 
is developed in the final part of this chapter. 

Recognition of severe sepsis 

In the critically ill, recognition of sepsis is often 
difficult: the common symptoms due to sepsis 
may be absent whereas others, less commonly 
encountered, may be prominent. Furthermore, 
recent results [ 41] indicate that the clinical 
picture is not different whatever the micro
organism responsible. 

Temperature 

Fever is a frequent and early sign of infection 
and may be preceded by shivering. It is due to 
the passage of micro-organisms or their toxins 
into the bloodstream [13]. However, in the 

critically ill fever may be absent or even replaced 
by a fall in body temperature [3]. In these cir
cumstances, hypothermia has the same di
agnostic and bacteriological implications as a 
high fever. Furthermore, severe sepsis may be 
present despite a normal or only marginally 
raised temperature. This phenomenon is espe
cially frequent in Gram-negative septicaemia 
and in patients with renal failure or hepatic 
cirrhosis. The reason for this is unclear but it 
may be due to a weakened inflammatory re
sponse. Since fever in the critically ill may be 
due to several non-bacterial causes (e.g., deep 
vein thrombosis, haematomas, drug intoler
ance), it is necessary to conclude that an abnor
mality in the temperature chart is a useful alarm 
signal but does not prove that an infection 
exists. On the other hand, normal temperature 
does not rule out severe infection. 

Haemodynamic disturbances 

Circulatory shock is frequently the first sign of 
severe sepsis. Septic shock is easily diagnosed 
when a low arterial pressure is found, but in fact 
this is a late sign. Tachycardia, cutaneous and 
neurological signs, and decreased urine output 
occur much earlier [14]. The clinical features of 
septic shock are analysed in Chap. 12. 

Acute respiratory distress 
syndrome (ARDS) 

As discussed previously, ARDS occurs fre
quently during severe sepsis and may be the 
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most prominent feature. This syndrome is 
associated with non-haemodynamic pulmonary 
oedema and is usually accompanied by hypox
aemia and hypocapnia related to abnormalities 
in ventilation: perfusion ratios. Clinically, 
breathing is rapid and superficial, cough is 
nonproductive, and murmurs are rare. 

Diaphragmatic excursion is decreased, espe
cially with abdominal involvement in the infec
tive process or after laparotomy. Chest x-ray 
examination reveals diffuse and extensive con
solidation associated with micro-atelectasias. 
Pulmonary compliance is decreased, and in 
patients succumbing to this syndrome intra
alveolar hyaline membranes may be found on 
post-mortem examination. ARDS is an impor
tant prognostic factor in severe sepsis [23]. 

Acute renal failure 

Acute renal failure occurs frequently during 
severe sepsis. It must be distinguished from 
simple nitrogen retention due to increased cata
bolism, in which the blood creatinine is normal. 
On urine analysis, it is possible to distinguish 
between functional and organic renal failure: in 
the former, urine is concentrated, urinary urea 
concentration is high (usually over 20 times the 
blood urea), and urinary sodium is low (less 
than 20 mMol/litre) and less concentrated than 
urinary potassium. Pathological examination in 
established renal failure has shown that the 
lesions involve both renal tubules and the 
intersitium, although in some cases there is 
also evidence of a glomerular lesion [5]. The 
mechanism of acute renal failure during severe 
sepsis is highly complex and probably several 
mechanisms can be implicated, including tubu
lar obstruction, an increase in interstitial pres
sure from oedema, and alterations in renal 
blood flow associated with a decreased filtra
tion pressure due to dilatation of afferent glo
merular arterioles. 

Abdominal symptoms and 
gastric bleeding 

During severe sepsis, whatever its cause, abdo
minal symptoms are frequent. They usually 
start with meteorism and reflex ileus and may 
lead to acute necrotizing enterocolitis. Occa
sionally, one of the earliest signs of severe 
sepsis is gastro-intestinal (GI) haemorrhage. 
Prospective gastric fibroscopy during sepsis has 
demonstrated that gastro-duodenal lesions 
occur frequently. They begin as mucosal pur-
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pura, which is followed by superficial erosions, 
and the acute ulcers then become haemorrhagic 
if sepsis is not controlled [25]. Several factors 
account for these lesions, including mucosal 
ischaemia, rupture of the mucosal barrier, in
creased retrodiffusion of H+ ions, and reflux of 
bile salts. They may appear rapidly after the 
onset of the infection but the bleeding stops 
abruptly when the infection has been overcome. 

Jaundice 

Jaundice occurs frequently during severe sepsis, 
and is related to hepatic dysfunction due to 
either infectious hepatitis or the hepatic com
plications of septic shock [30]. Intrahepatic 
cholestasis is associated with inflammatory in
filtration of the portal tracts compressing biliary 
canaliculi. Septic shock causes hypoxia of 
hepatocytes by reducing portal blood flow, 
whereas hepatic arterial flow is usually pre
served. The severity of jaundice is increased by 
acute renal failure, because excretion of conju
gated bilirubin is reduced, and also by increased 
production of bilirubin consequent upon blood 
transfusions, resorption of haematomas, or 
haemolysis induced by bacteria. In the presence 
of clinically significant jaundice it is essential to 
exclude biliary tract infection. 

Coagulation disorders 

Occasionally in very severe acute sepsis, 
coagulation disorders are the hallmark of the 
disease; for example, purpura fulminans is 
mainly due to meningococcal infections but may 
also be observed with pneumococci in asplenic 
patients or even in very severe septicaemias due 
to Gram-negative bacilli. Sometimes, in vitro 
study of coagulation indicates the presence of 
true intravascular coagulation (IVC) thrombocy
topenia associated with hypofibrinaemia, and a 
decrease in factor V and other co-factors. Ex
perimentally, infusion of endotoxins has been 
shown to induce IVC in several species by an 
action on platelets, vascular endothelium, and 
the coagulation process. In man, however, in
travascular thrombi are found far less frequently 
and IVC may be regarded as incidental [27]. 
More frequently, fibrin levels are increased and 
a decrease in partial thromboplastin time related 
to hepatic failure is observed, in which case the 
basic trouble is a thrombocytopenia, which may 
be profound (less than 30 OOO/mm3 ), causing 
bleeding especially after surgical procedures. 
Recently the mechanisms of this thrombocy-
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topenia have been studied and increased im
munoglobulin G associated with platelets has 
been found implicating the immune process 
[21]. 

Metabolic disturbances 

During severe sepsis several metabolic disturb
ances occur which are characterized by low 
recovery of energy metabolism in spite of an 
increased demand [36]. Hyperglycaemia is due 
to secretion of cortisol, growth hormone, and 
glucagon, which increases hepatic gluco
neogenesis from amino acids. Hypersecretion 
of catecholamines causes glycogenolysis and 
inhibits insulin secretion. Nitrogen catabolism 
results from increased gluconeogenesis, which 
causes degradation of numerous important pro
teins, including those necessary for plasma 
transport, hepatic enzymes, and those involved 
in the immune response. Glucose becomes the 
main supply of energy, thereby increasing in
sulin secretion which may block fatty acid mobi
lization. 

Encephalopathy 

In the severely ill patient, consciousness is 
usually depressed as a result of diminished 
cerebral blood flow. In some patients, however 
this alteration may be pronounced and of long 
duration. Examination may reveal myoclonia and 
asterixis. 

The white cell count 

With most types of infection the white cell count 
(WCC) is elevated, especially when the sup
purative process is long-lasting. However, acute 
sepsis may be associated with the phenomenon 
of margination of leucocytes and the leucocyte 
count is consequently low. Similarly, in patients 
with depressed marrow function, as in folate 
deficiency, the WCC is reduced. As a conse
quence, a normal wee cannot rule out severe 
sepsis. 

Factors influencing the choice 
of treatment 

Causative organisms 

The identification of the micro-organisms re
sponsible for sepsis depends upon the conven-
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tiona! procedures for the isolation of bacteria, 
viruses, and protozoa. In the vast majority of 
cases, especially in countries where intensive 
care is well developed, severe sepsis is related 
to bacterial infections, and this section is de
voted primarily to these. 

Knowledge of the site of infection enables a 
list of 'possible' causative organisms to be com
piled. Therefore, specific bacteriological prob
lems are considered for each site of infection. 

In theory, bacteriological examination indi
cates the causative micro-organisms but in 
practice, except for direct examination of some 
biological fluids, the examination may take 
several days, and in some instances no bacteria 
grow. Whenever possible, all samples for bac
teriological study must be taken before antibio
tic therapy is started. All results have to be 
analysed critically; in some situations positive 
growth may represent contaminants. 

Blood cultures 

These should always be performed for it is of 
the utmost importance to know whether septi
caemia is really present, and bacteria isolated 
from several blood cultures have far greater 
significance than bacteria isolated from 'local' 
specimens. 

A single blood culture only should never be 
performed, because of the risk of introducing 
contaminants from the patient's skin [34]. This 
is why only one positive culture of a Gram
negative bacterium is of doubtful significance, 
or conversely why several positive blood cul
tures are needed to incriminate Staphylococcus 
epidermidis. 

Other examinations 

Colonization of the patient by Gram-negative 
bacteria after admission to hospital explains 
why local examinations may have little value, 
especially sputum, urine, or wound swab ex
amination. The specific procedures for bacterial 
examination will be emphasized for each loca
tion of infection. 

Location of infection 

When blood cultures are performed the focus of 
infection is searched for methodically. 

The investigation is based upon the symp
toms which have preceded the occurrence of 
severe sepsis, certain physical signs which may 
have a localizing value, and complementary 
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examinations, especially x-ray and local bacte
riological examinations. 

Thereafter, surgical treatment of the septic 
foci should be considered in every case once it 
has localized. 

Lungs and pleura 

There are several types of agent that can cause 
pleuropulmonary infections, but with bacterial 
(especially anaerobes) and less frequently viral 
agents the clinical picture may be one of severe 
sepsis, sometimes dominating the symptoms of 
acute respiratory failure (ARF). 
Clinical features. These are many, and include 
coryza, sore throat, cough with purulent, rust
coloured, or bloody sputum, pleuritic chest 
pain, and dyspnoea. The history should be 
checked for pharyngeal infection, alcoholism, or 
difficulty in swallowing, and the possibility of 
pleuropulmonary infection should always be 
considered after a general anaesthetic has been 
administered. 

Symptoms of severe sepsis are associated 
with intense cyanosis, flaring of the ala nasi 
during inspiration, intense dyspnoea with 
tachypnea, inspiratory rales, and perhaps signs 
of consolidation and pleural friction rub or evi
dence of pleural fluid. 
Investigations. Usually only an anteroposterior 
chest x-ray examination is possible at the bed
side; it may reveal opacification of the lungs 
with a lobar or diffuse patchy distribution. 
Whereas the chest film is seldom diagnostic of a 
specific organism, it may be suggestive: lung 
abscesses are frequently multiple in the case of 
staphylococcal pneumonia, especially in chil
dren. Necrotizing pneumonia caused by aspira
tion of oral anaerobic organisms also causes 
abscesses. 
Bacteriology. When pneumonia is suspected, a 
bacteriological examination of the sputum 
should be performed; this is helpful when the 
sputum is purulent or bloody but not particu
larly so when the cough is non-productive, 
when any isolates should be considered with 
caution. Very often in hospitalized patients 
growth of Gram-negative bacteria in the sputum 
is the result of oropharyngeal contamination. 
Direct aspiration of bronchial secretions may be 
more helpful in difficult cases, and samples can 
be obtained with transtracheal aspiration, or via 
an endotracheal tube or fiberoptic broncho
scope, although the last two techniques can 
introduce pharyngeal flora into the bronchial 
tree. Aspiration of a pleural effusion, if present, 
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may also yield valuable bacteriological informa
tion. 

The diagnosis of viral infections is made by 
isolation of the virus in the sputum and by 
serologic assays. Mycotic or parasitic organisms 
infect predominantly immunosuppressed pa
tients. 
Surgery. Drainage of lung abscesses is helped 
by bronchial aspiration, physiotherapy, and an 
inclined position. Purulent pleural effusions 
should be evacuated as completely as possible 
by aspiration or surgical drainage. 

Peritoneum 

The clinical picture of an intraperitoneal infec
tion varies according to whether the infection is 
initially generalized (peritonitis) or localized (in
traperitoneal abscess). 
Peritonitis. In secondary bacterial peritonitis, 
the numerous species of both aerobic and 
anaerobic micro-organisms that occur in the GI 
tract may all be found. In contrast, primary 
bacterial peritonitis is usually seen in patients 
with ascites and is often due to streptococci 
and Enterobacteriaceae. 
Clinical features. These include abdominal pain, 
fever, and chills; abdominal distension, diffuse 
and/ or localized tenderness with rigidity of the 
abdominal wall and absent bowel sounds are 
characteristic. The location of the pain and 
tenderness may suggest the nature of the 
underlying cause. Findings are usually less 
prominent at both extremes of age, in alco
holics, and in patients with ascites or receiving 
steroids. 
Investigations. Supine and upright straight x-ray 
examination of the abdomen may show air in 
the peritoneal cavity, evidence of ileus or peri
toneal fluid. In doubtful cases, peritoneal punc
ture or catheterization may be helpful in the 
diagnosis. 
Bacteriology and surgery. After diagnosis, prompt 
surgery is indicated in most cases, the degree of 
urgency depending on the severity of the sep
sis. Except in cases of primary peritonitis, bac
teriologic examination of peritoneal pus is of 
little significance, since it always contains 
organisms from the GI tract. If no anaerobic 
strains are found it probably implies incorrect 
sampling. 
Intraperitoneal abcess. After an intraperitoneal in
fection or any abdominal operation, subphrenic 
or pelvic abscesses may develop. 
Clinical features. The onset of these is usually 
insidious, with low-grade fever, diarrhoea, 
abdominal distension, abdominal or thoracic 
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pain, and finally the symptoms of severe sepsis. 
Localized tenderness of the abdomen, basal 
ileus (in the case of subphrenic abscess), or 
findings consistent with a pleural effusion may 
be present. 
Investigations. The most consistent findings 
seen on chest and abdominal x-ray pictures are 
elevation of the diaphragm, basal atelectasis, 
pleural effusion, and gas-fluid levels. Localiza
tion of the abscess may be achieved by ultraso
nic or CAT examination, possibly in association 
with a gallium scan [8]; sinograms may be 
possible in postoperative patients. 
Surgery. After proper localization the abscess 
should be evacuated, care being taken to avoid 
seeding of the peritoneal cavity. 

Female pelvis 

As a complication of septic abortion or in asso
ciation with pelvic thrombophlebitis, pelvic in
fection in the female can be life-threatening 
because of the presence of anaerobic organisms, 
particularly clostridial species. 
Clinical features. A history of purulent and/or 
bloody vaginal discharge or of a preceding abor
tion is usually obtained. 

Lower abdominal pain is a feature and sero
sanguineous material may be present in the 
vaginal vault. Following an abortion the uterus 
is enlarged and tender. 
Investigations and treatment. After several blood 
cultures have been taken (cultures of the vaginal 
or uterine discharge are of no value) and anti
biotics effective against anaerobes administered 
careful curettage of the uterus should be per
formed, even if most of the products appear to 
have been expelled spontaneously. If the pa
tient's condition does not improve rapidly a 
hysterectomy must be considered. 

Bile ducts 

Infection of the bile ducts is usually associated 
with obstruction of the biliary tract. 
Clinical features. Acute colicky pain in the right 
upper quadrant, rigor, and fever followed by 
jaundice are the typical symptoms. Sometimes 
the jaundice is more marked than the history of 
pain. 

Examination may reveal right upper quadrant 
tenderness and guarding. Signs of a pleural 
effusion and pain on percussion of the liver are 
suggestive of an associated hepatic abscess, but 
this is extremely difficult to diagnose and can 
occur without biliary obstruction, for example in 
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appendicitis, amoebic infection, or staphylococ
cal septicaemia. 
Investigations. An ultrasound scan of the liver is 
the investigation of choice, or if this is not 
available abdominal angiography or radio
isotope scanning may be used. Liver function 
tests show an elevation of conjugated bilirubin 
and moderate increases in alkaline phosphatase 
and the transaminases. 
Surgery. When the infection of the bile ducts is 
associated with symptoms of severe sepsis im
mediate surgery is needed to relieve bile duct 
obstruction; this also makes it possible to per
form a bacteriological examination of the bile, 
which very often grows E. coli. In some cases 
where a stone is at the lower end of the bile 
duct, endoscopic sphincterotomy may be 
possible. 

Urinary tract 

Numerous factors predispose to urinary tract 
infection, but the main one is obstruction to 
urinary flow of any origin. The common causa
tive organisms are E. coli, Proteus, Enterobacter, 
group D Streptococcus, Klebsiella, and Pseudo
monas. 
Clinical features. A history of urgency and fre
quency of micturition, dysuria, haematuria, and 
nocturia may precede the onset of infection, 
which in turn will increase the intensity of these 
symptoms. 

In the case of pyelonephritis or an intrarenal 
or perinephric abscess, pain and tenderness in 
the costovertebral angle is frequent, and this 
may be due to renal enlargement. 
Investigations. Examination of the urine typi
cally reveals mild proteinuria and haematuria. 
Quantification of organisms in the specimen 
discloses a number of organisms in excess of 
100 000 and the number of white cells is fre
quently increased. 

Urgent intravenous pyelography may iden
tify a predisposing factor, but may not identify 
an intrarenal or perinephric abscess. Ultrasound 
and CAT are then the imaging techniques of 
choice [1, 32]. 
Treatment. When urinary retention or a major 
abscess is found appropriate surgical relief is 
mandatory. 

Meninges 

Clinical features. In a patient with severe sepsis 
the diagnosis of meningitis can be relatively 
easy, with headache, neck stiffness, and Kernig 
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and Brudzinski signs all being present. How
ever, the first signs are sometimes an altered 
level of consciousness and convulsions, without 
much in the way of localizing signs. 
Investigations. In every case, lumbar puncture 
allows clinical and bacteriological diagnosis. 
Bacterial meningitis may be suspected when 
analysis of the cerebrospinal fluid (CSF) shows a 
low sugar level and a raised polymorphonuclear 
cell count. The organisms most frequently iso
lated in primary meningitis are meningococci, 
pneumococci, Haemophilus influenzae (especially 
in children), and Listeria; antibiotic treatment 
must be started immediately. A lymphocytic 
reaction in the CSF is most frequent in viral or 
tuberculous meningitis but may be found ini
tialy with Listeria infection. 

When focal neurological symptoms are pres
ent, encephalitis, thrombophlebitis or a cer
ebral abscess have to be looked for by means of 
CAT or other neuroradiological investigations. 

Catheter-related 

In patients in ICUs, infections related to intra
vascular catheters are frequent and serious. The 
main organisms responsible are Staphylococcus 
aureus, Gram-negative bacilli, and fungi, espe
cially Candida albicans. Except when another site 
is clearly responsible for the infection, the cath
eter should be removed and its tip cultured. In 
many instances a complete recovery follows 
without antibiotics, but if the signs persist 
appropriate antibiotics should be given. Persist
ing positive blood cultures after removal of the 
catheter and antibiotics may be indicative of 
deep venous phlebitis or endocarditis. 

Endocarditis 

Cardiac valves may be involved by a wide 
variety of organisms, although Streptococcus and 
Staphylococcus are more likely than others to 
induce extensive damage. 
Clinical features. Because of its widely variable 
clinical presentations, infective endocarditis is 
difficult to diagnose early, especially in a patient 
with severe sepsis. The sudden onset of conges
tive heart failure may be apparently related to 
septic shock and then a history of valvular heart 
disease is helpful but not essential. 

The finding of a new heart murmur is of great 
value; however, murmurs may be absent in 
patients with right-sided endocarditis, which is 
especially frequent in drug addicts and after IV 
catheter infections. Finally, endocarditis should 
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always be considered when the infection is 
disseminated to many organs, such as the CNS, 
spleen, kidneys, bones and joints. Cutaneous 
symptoms (Osler nodes, Janeway lesions) 
should be looked for on the palms of the hands 
and soles of the feet. 
Investigations. Ultrasound is helpful because of 
its non-invasive nature, but when pulmonary 
oedema is extensive and cardiac surgery is con
templated, formal cardiac catheterization with 
angiography is necessary. 

Soft tissues 

Some soft tissue infections yield aerobic organ
isms, and less frequently anaerobic organisms, 
although there is good evidence to indicate that 
the latter are initially responsible. Gas gangrene 
is caused by several species of clostridii; aerobic 
and anaerobic streptococci are usually respon
sible for cellulitis. 
Clinical features. Within several hours or days of 
injury or surgery of the GI tract, increased 
swelling and pain develop, with oozing of se
rous or serosanguineous material around the 
particular site. 

On palpation the wound is very tender, and 
crepitations indicative of gas may be felt. Even
tually bullae may cover the wound, beneath 
which the muscle tissue is pale and bleeds very 
little. If haemolysis occurs the patient rapidly 
becomes jaundiced and haemoglobinuria may 
occur. 
Treatment. Immediate medical and surgical 
intervention is necessary. If possible hyperbaric 
0 2 should be given but this should not delay the 
surgical removal of dead tissue, which may 
require amputation of an extremity or extensive 
debridement. 

Miscellaneous 

Severe sepsis may be caused by a miscellany 
of organisms of the following types: bacterial 
(typhoid fever, leptospirosis), mycobacterial 
(tuberculosis), protozoal (malaria), and viral. 
The usual diagnostic procedures should be per
formed as in less severe cases. 

Host defence mechanisms against 
infection 

The management of the critically ill patient 
would not be complete without consideration of 
the state of the host defence mechanisms 
against infection. Many factors account for the 
increased susceptibility of critically ill patients to 
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infection. Mechanical barriers against bacteria 
are weakened by instrumentation (endotracheal 
intubation, IV catheterization, urinary cath
eterization) and various surgical procedures. 
Defence mechanisms may be altered by drug 
therapy (steroids or cytotoxic drugs), surgery, 
and numerous underlying conditions ( cirrho
sis, malignancy, trauma, burns, diabetes, and 
renal failure). Furthermore, severe sepsis itself 
induces immunological disturbances. Thus the 
state of the host defence mechanisms against 
infection may be considered from the aspects 
of skin testing, cellular and humoral immunity, 
and the changes found in septic shock. 

Skin testing as a means of assessing 
host defence mechanisms 

Recent studies have indicated that the com
promised host, who is highly susceptible to 
severe infection, may be recognized by delayed 
hypersensitivity to skin testing (DHST) [11]: in 
patients suffering from severe acute illness, a 
failure of the DHST response (anergy) is associ
ated with high mortality, mainly from sepsis. In 
several studies carried out in ICUs, the mortal
ity rate was 57%-58% in anergic patients, 
whereas when at least one response (e.g. in
duration greater than 5 mm) was recorded 
it was 16%-18% [11]. This relationship was ini
tially shown in surgical patients, in whom the 
presence of anergy before surgery was associ
ated with an increased incidence of postopera
tive septic complications [32]. The tests consist 
in intradermal injection of standard recall anti
gens, the most frequent being tuberculin, 
Candida, and streptokinase, which may be asso
ciated with skin tests with phytohaemag
glutinin, dinitroclorobenzene or croton oil. 

Old age and disseminated cancer apart, an
ergy may be due to several factors: 

1) The effects of malnutrition have been 
studied extensively: either protein or calorie 
deprivation appears to alter the delayed 
hypersensitivity reactions, a defect which can 
be corrected by an appropriate diet. 

2) It is firmly established that infections such 
as severe tuberculosis or measles are associated 
with a reduction of anergy. However, several 
other bacterial, viral, or parasitic infections have 
also been observed to produce the same effect 
[19]. The underlying process is rather complex, 
but antigenic stimulation and T cell depletion 
appear to be the most salient features. 

3) Following surgery or trauma, both delayed 
hypersensitivity reactions and other immuno
logical responses are depressed. There are de-
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creased numbers of circulating lymphocytes 
and those that form E rosettes; leucocyte 
chemotaxis is reduced either under basal condi
tions or after stimulation with caseine: further
more, immune depressant factors circulate in 
these patients [10]. 

Cellular and humoral immunity 

Both circulating bacteria and endotoxin are 
cleared mainly by polymorphonuclear neu
trophils and the hepatic reticuloendothelial 
system. This explains why serious infections 
frequently occur when leucocyte production is 
depressed or in the presence of portocaval anas
tomosis, as in hepatic cirrhosis. In contrast to 
the elimination of bacteria by the hepatic 
reticuloendothelial system, a non-specific 
phenomenon independent of the antibodies, 
phagocytic function of polymorphs appears to 
be dependent on its presence. Weinstein and 
Young [40] have shown that 40% of patients 
with septicaemia are infected by strains of bac
teria that are resistant to phagocytosis by poly
morphs. They found, however, that this defect 
was not related to an intrinsic white cell de
ficiency but to the absence of specific opsoniz
ing antibodies; during recovery the capacity for 
phagocytosis is restored simultaneously with 
the rise in antibody titre. 

From the time of colonization of the digestive 
tract by Gram-negative bacteria, antibodies will 
be formed against the serotypes of the bacteria 
present. These antibodies, principally of the 
IgM type, are known as natural antibodies, and 
in the presence of complement they confer on 
the serum a bactericidal power active against 
numerous strains of Gram-negative bacilli. The 
attachment of activated complement to the bac
teria produces a lytic action causing bacterial 
death. 

Thus a failure of the hepatic reticuloendo
thelial system, neutropenia, the presence of 
bacteria of an unknown serotype or the lack of 
opsonizing antibodies are conditions that may 
be found in the case of Gram-negative septi
caemia. Similar factors account for infections 
due to cocci. Decreased humoral immunity 
raises the frequency and the severity of infec
tions due to Streptococcus pneumbniae: fulminat
ing infections due to this organism have also 
been described in asplenic patients. 

Immunologic alterations due to septic shock 

Several studies have shown that levels of com
plement components decrease during septic 
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shock [11]. This decrease appears to be related 
to activation of complement via either classic or 
alternative pathways, and it has been found 
during infections due to Gram-negative bacilli, 
Gram-positive bacteria, and viruses. Serum im
munoglobulins are decreased simultaneously 
and the two factors may be responsible for the 
major impairment in host defences. The pres
ence of circulating immune complexes has been 
demonstrated during several infectious diseases, 
irrespective of the infecting organism. How
ever, they cannot be detected during lethal 
septic shock [17]. The significance of this 
finding remains to be elucidated. 

Treatment 

Antimicrobial drug therapy 

Several studies have shown that bacteria iso
lated from patients admitted to critical care units 
(CCUs) with severe sepsis were much more 
frequently multiresistant than those isolated 
from other parts of the hospital [38]. This is one 
reason why superinfections are more frequent 
and life-threatening in these patients [37]. The 
widespread and uncontrolled use of antibiotics 
has caused these phenomena and illustrates the 
need for a strict antibiotic policy [16]. 

Rules for antimicrobial drug therapy in 
CCU patients 

Monotherapy. As often as possible, antimicrobial 
chemotherapy should be undertaken with only 
one drug. The combination of two antibiotics 
increases the risk of the emergence of multi
resistant strains and should be restricted to a 
limited number of infections, namely tuberculo
sis, mixed bacterial infection, bacterial endocar
ditis, and severe infection with Gram-negative 
rods in immunosuppressed patients. 
Narrow-spectrum drug. When two drugs having 
an equal efficacy are considered, the one with 
the narrower spectrum should be preferred, 
because it is less likely to have a deleterious 
action on commensal bacteria and to increase 
the proliferation of those which have become 
resistant. 
Restriction of antibiotic prophylaxis. The use of 
antibiotics enhances the emergence of bacterial 
resistance to useful antibiotic agents [24]. There
fore, antibiotic prophylaxis should be restricted 
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to clinical situations where controlled and 
prospective studies have clearly shown its 
efficacy in preventing the emergence of superin
fections [7, 9, 20]. In critical care medicine, the 
circumstances in which it is most valuable are 
traumatology and surgery. 

After surgical procedures, chemoprophylaxis 
appears to be beneficial in the case of operations 
in which endogenous bacterial contamination of 
the wound is unavoidable. It should also be 
considered for patients who require the inser
tion of foreign materials, e.g., prosthetic heart 
valves. In these cases, a simple dose of one 
antibiotic should be injected immediately before 
the start of the operation [39]. 

There is no definite evidence that prophylac
tic antibiotic therapy prevents superinfections 
following instrumental techniques for diagnosis 
or treatment, such as tracheostomy, bladder 
catheterization, and intravenous or intra-arterial 
catheterization. 

Adherence to such rules for treatment and 
prophylaxis has considerably reduced the inci
dence of septicaemia due to superinfection from 
more than 10% to less than 5% of CCU patients 
[31]. 

Choice of antimicrobial drugs in CCU patients 

Antimicrobial agents should be chosen with the 
following aims in mind: 

• The antibiotic must be active against the bacteria 
directly responsible for the sepsis that one has to treat 
or prevent. 

This means that bacteriological findings made 
in the laboratory must be critically examined. 
Providing that meticulous techniques are used, 
bacteria isolated by blood cultures, lumbar 
puncture, or bladder catheterization have an 
unequivocal value. On the other hand, in cer
tain circumstances it is difficult to determine 
whether the identified strains are really re
sponsible for the infection or result simply from 
colonization. Such dilemmas occur with the 
bacterial examination of specimens of sputum, 
tracheal aspirate, pus, wound dressings, etc. In 
such circumstances it is often possible to define 
the type that might be responsible by taking 
into account the locality of the sepsis and the 
usual epidemiological considerations, or by 
means of bacterial examinations that should be 
more specific, e.g., transtracheal aspiration of 
secretions. 

• The antibiotic used should have the appropriate 
pharmacological and pharmacokinetic properties to 
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allow it to reach the infected focus in a sufficient 
concentration. 

• The frequency and severity of adverse drug reac
tions should be weighed against the beneficial effects. 

• The financial cost should be as low as possible 
without reduction of benefit. 

For these aims to be achieved, the different 
drugs may be separated into three groups. (Ball 
and Geddes [2] reviewed some new antibi
otics in 1979.) 
First group. The combined properties of these 
antibiotics are a narrow spectrum, a low inci
dence of adverse reactions, and a low risk of 
inducing proliferation of multiresistant Gram
negative rods. They should be chosen in every 
case in which bacteria susceptible to them are 
responsible for the infection. 

Penicillin is the first drug of choice in infec
tions due to streptococci, including S. pneumo
niae (Pneumococcus) and anaerobic streptococci 
(Peptostreptococcus sp.), to Neisseria meningiditis, 
and to Clostridia. 

The most frequent indications for the use 
of penicillin in critically ill patients are 
(1) Chemoprophylaxis of gas gangrene and 
other anaerobic infections in patients with a 
high risk of clostridial superinfection, i.e., post
partum or post-abortion infections, deep 
wounds, especially after road traffic accidents, 
open fractures, colonic and perineal surgery, 
especially in diabetics, and surgery for peripher
al vascular disease; (2) acute pneumonia in pa
tients with previously normal lungs, especially 
pneumococcal (primary pneumonia) or anaero
bic (post-inhalation, foul odour, alcoholic pa
tients with poor dental hygiene); and (3) acute 
meningitis due toN. meningiditis, S. pneumoniae, 
or Listeria monocytogenes needing combined 
therapy with an aminoglycoside (preferably 
gentamicin). 

Besides allergy, the principal side-effects of 
penicillin are related to high blood levels which 
develop in the presence of renal insufficiency; 
they include metabolic encephalopathy (de
pressed consciousness, abnormal movements, 
and convulsions) [29] and bleeding due to func
tional platelet abnormalities [35]. These adverse 
effects disappear when the dosage is reduced. 

Isoxazolyl-penicillins (methicillin, oxacillin, clo
xacillin), which are resistant to beta-lactamases 
secreted by staphylococci, are the drugs of 
choice in infections due to staphylococci. Never
theless, the sensitivity of staphylococci is very 
different from one strain to another and cannot 
be estimated from the bacteriostatic action in 
vitro alone. Therefore, the choice must be con-
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firmed by, or modified in accordance with, the 
results of the in vitro bactericidal capacity of the 
antibiotic against the responsible strain. 

When sepsis is severe, especially in septi
caemia, combination with an aminoglycoside 
(gentamicin) is recommended because of its 
synergistic action with isoxazolyl-penicillins 
against staphylococci. 

Macrolides (erythromycin) are the best alterna
tive to penicillin in cases of streptococcal infec
tions and of allergy to penicillin. 

They are also efficient against other organ
isms, such as Mycoplasma pneumoniae, Chlamydia 
trachomatis, Legionella pneumophila and many 
anaerobic bacteria. For this reason, the macro
lides are valuable antibiotics, highly recom
mended for use in acute, apparently primary, 
pneumonias. 

Because of their good tissue penetration, their 
spectrum, and the low incidence of side-effects, 
they are the antibiotics of choice for the treat
ment of superinfections in chronic obstructive 
airways disease with acute respiratory insuf
ficiency and encephalopathy [26]. 

Nitroimidazole compounds (metronidazole, 
ornidazole) are the drugs of choice against obli
gate anaeorobes, especially Bacteroides fragilis; 
aerobic and facultatively anaerobic bacteria are 
naturally resistant. Nitroimidazoles are highly 
effective in the treatment and prophylaxis of a 
wide variety of non-clostridial anaerobic infec
tions and are compatible with many other anti
microbial agents [18]. 

Imperative indications include bacteraemia, 
endocarditis, meningitis, brain abscess, pneu
monia, cellulitis, and necrotizing myositis or 
fasciitis due to obligate anaerobes. In addi
tion, it is advisable to combine nitroimidazoles 
with surgical drainage from localized infections, 
which are known to include a high risk of 
anaerobic bacteraemia, such as intra-abdominal 
infections and pelvic sepsis originating from the 
female genital tract. In these cases, a useful 
preventative measure against aerobic Gram
negative bacteria is a combination of nitroimida
zole compounds with gentamicin. Despite their 
lack of activity in vitro against aerobic organ
isms, nitroimidazoles have been shown to be 
effective both in surgical prophylaxis and in the 
treatment of mixed aerobic-anaerobic infections: 
aerobic and anaerobic bacteria disappear as the 
sepsis resolves in response to nitroimidazoles 
[15]. Their prophylactic use has been con
spicuously successful in the prevention ~f post
operative sepsis in surgery of the GI and female 
genital tracts. 

Quinolone compounds (nalidixic acid, pipemidic 
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acid) are mostly active against urinary infections 
caused by strains of Escherichia coli and Proteus 
mirabilis, when the sepsis has not invaded the 
kidney or related systems such as the prostate 
and when high tissue concentrations are not 
necessary. These compounds should be used 
preferably and initially in urinary infections due 
to long-standing bladder catheterization, when 
the infection has not been cured by removing 
the catheter and increasing the urinary output. 
Second group. The joint property of this group is 
a wide spectrum inducing ecologic damage to 
commensal flora. On the other hand, some of 
these drugs have significant toxicity. However, 
these deleterious effects may be overlooked 
when these drugs are found to be effective 
against bacterial stains resistant to drugs of the 
first group. 

For this reason, drugs in this group should 
be selected only when one is sure that drugs in 
the first group would be inactive. 

Aminopenicillins (ampicillin, amoxycillin, 
metampicillin): the rising incidence of infections 
due to Gram-negative rods observed in surgical 
wards and CCUs since 1965 seems to be related 
to the wide use of aminopenicillins. Further
more, these drugs are probably the ones most 
frequently implicated in the development of 
plasmidic resistance. They are also the anti
biotics most frequently associated with 
pseudomembranous colitis due to Clostridium 
difficile toxin [4]. Therefore, the use of 
aminopenicillins should be restricted to those 
infections in which this group of antibiotics is 
irreplaceable. 

Aminopenicillins are indicated in infections 
due to many strains of E. coli, P. mirabilis and 
Klebsiella pneumoniae for community-acquired in
fections. On the other hand, an increasing fre
quency of resistant hospital strains has been 
observed. Aminopenicillins have a special place 
in urinary tract infections due to these microbes, 
where widespread diffusion of the antibiotic is 
mandatory, i.e., in pyelonephritis. 

The pharmacokinetics of aminopenicillins 
with their high biliary elimination support their 
preferential use in biliary tract infections, and 
IV metampicillin, has the highest biliary con
centration. 

Aminopenicillins are the most active anti
biotics against Haemophilus influenzae. They 
should be used initially in infections where the 
bacterium has been isolated (pneumonia, 
meningitis) or before isolation when infection 
with H. influenzae is a possibility as in bacterial 
meningitis, especially in children. 

Gentamicin remains the most frequently pre-
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scribed aminoglycoside antibiotic. The nephro
toxicity and ototoxicity of all aminoglycosides 
makes one cautious about their use in cases of 
renal insufficiency, or hypovolaemia or in asso
ciation with the loop diuretics and other anti
biotics such as the cephalosporins. 

Their tissue distribution is poor, but because 
of their toxicity this disadvantage cannot be 
overcome by increasing dosage. 

Aminoglycosides are potent against a great 
number of the bacteria responsible for some of 
the most serious infections seen in critically ill 
patients. But they do have a powerful tendency 
to induce resistant strains. 

They are inactive against many strains of 
streptococci and against anaerobes, and are 
mainly used in association with compounds of 
other families when synergism is needed, as in 
severe sepsis due to staphylococci, Enterobac
teriaceae and Pseudomonas Spp. However, in the 
last two instances, the new cephalosporins are 
tending to take their place. 

Cotrimoxazole is potent against several bacte
rial species, especially streptococci and some 
Enterobacteriaceae such as E. coli and P. mirabilis; 
it has good tissue penetration [33]. In the cases 
of intolerance or resistance to the aminopenicil
lins, this drug might be used for serious or 
recurring infections of the urinary tract, espe
cially in cases of pyelonephritis or prostatis. Its 
efficacy against Pneumocystis carinii makes it 
useful in opportunistic infections in im
munodepressed patients. 

Colistin is the main antibiotic of the polypepti
dic group. In vitro, it is active against many 
strains of Enterobactericeae and Pseudomonas. 
It has a low tendency to induce plasmidic resist
ance but unfortunately, its in vivo efficacy is 
limited by its low diffusion, which cannot be 
overcome by increasing the dose because of its 
nephro and neurotoxicity. Its use in critical care 
medicine is therefore restricted. 
Third-group. These drugs share either a high 
efficacy against several microbial strains or high 
financial cost. The emergence of bacterial resist
ance to each new antibiotic introduced into 
medical use is a phenomenon that has been 
repeatedly documented. Therefore these highly 
active new compounds should be reserved for 
specific cases to retain their efficacy for as long 
as possible. 

They are indicated when in vitro testing 
shows that no drug of the preceding group is 
active and they should be reserved for serious 
life-threatening infections. 

Carbenicillin and other semi-synthetic penicillins, 
such as ticarcillin, mezlocillin, and azlocillin, 
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have a broad spectrum of activity which in
cludes 'problem' organisms such as Pseudomonas 
aeruginosa and the less common Proteus species 
(P. vulgaris, P. morganii and P. rettgeri). The 
potential of these antibiotics is limited by their 
susceptibility to beta-lactamases and by resist
ance toR-factors which may be acquired during 
treatment. 

They may be useful in combination with an 
aminoglycoside in undiagnosed life-threatening 
infections in neutropenic patients. 

Cephalosporins. Recently several new cepha
losporins have been introduced. Some of these 
are highly insensitive to beta-lactamases: cefur
oxime, cefamandole, cefoxitin (the first of a new 
family of antibiotics called cephamycins), cefo
taxim, and cefsulodin; the last two are of special 
interest in critical care medicine. 

Cefotaxim is the most potent antibiotic 
against Enterobacteriaceae and its resistance to 
inactivation by beta-lactamases is greater than 
that of other cephalosporins. Its minimum in
hibitory concentration is the lowest of all known 
antibiotics active against Gram-negative bac
teria, with the exception of Pseudomonas aerugi
nosa and obligate anaerobes (Bacteroides fragilis). 

Cefotaxim is particularly useful in severe 
hospital-acquired infections due to multiresist
ant Gram-negative rods (Escherichia coli, Kleb
siella sp., Proteus sp., Serratia sp.), especially 
during nosocomial bacteraemia and extensive 
pneumonia. Sufficient concentrations are 
achieved in CSF, and the successful treatment 
of meningitis by cefotaxim has been reported 
[6]. 

Cefsulodin has a very low minimum in
hibitory concentration against Pseudomonas 
aeruginosa but poor efficacy against Enterobac
teriaceae. Thus this compound may be consi
dered as a narrow-spectrum antibiotic. It is now 
the first antibiotic of choice in serious infections 
due to Pseudomonas aeruginosa, especially in sep
ticaemias and necrotizing pneumonias. 

The new aminoglycosides, tobramycin, netilmi
cin, and amikacin, should be reserved for the 
management of serious infections caused by 
gentamicin-resistant organisms [28]. 

Extension of acquired resistance against one 
antibiotic (thus reducing the real spectrum of 
activity) is related to the duration of its use and 
therefore the oldest of the active drugs should 
be chosen. 

Vancomycin is a nephrotoxic antibiotic that is 
highly active against staphylococci. It should be 
reserved for serious infections caused by that 
organism [12] and by Clostridium difficile. 

Antibiotics of limited use in critical care. The 
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following preparations have no or very few 
indications: 

The first and second-generation cephalosporins 
(namely cephaloridin, cephalothin, cephalexin, 
cephacetril, cephanon, cephapirin, cefazolin 
and cefatricin) all have the disadvantages of the 
broad-spectrum antibiotics, and their wide
spread use has been recognized as being re
sponsible for the development of nosocomial 
Gram-negative sepsis, especially that due to 
Pseudomonas aeruginosa. It is now possible to 
choose other drugs with fewer drawbacks in all 
cases. 

Tetracyclines are bacteriostatic, broad-
spectrum antibiotics, highly implicated in the 
development of bacterial resistance. The fre
quency with which resistance is found among 
streptococci, staphylococci, Enterobacteriaceae, 
Clostridia, and Bacteroides is so high that tetracy
clines can no longer be advocated. 

The phenicol antibiotics (chloraphenicol, thiam
phenicol) have followed the same evolution as 
the tetracyclines, and furthermore their bone 
marrow toxicity makes them hazardous. 
However, because of the good CSF concentra
tions, they still have a definite advantage in 
treating meningitis due to beta-lactamase pro
ducing bacteria, and they are still the drugs of 
choice in enteric fever. 

Lincomycin and clindamycin are active against 
streptococci, staphylococci, and Bacteroides, and 
their main advantage has been in their activity 
against Bacteroides. They have been proved to be 
the commonest cause of antibiotic-associated 
pseudomembranous colitis however, and there 
fore, since the introduction of nitroimidazoles 
there have been few, if any, indications for 
lincomycin and clindamycin in the prophylaxis 
or treatment of anaerobic infections. 

Several active bactericidal compounds are 
now available for testing most of the severe 
infections found in CCUs. 

The question that remains is how to adapt a 
strategy for their most effective use whilst keep
ing their unavoidable side-effects to a mini
mum. In this context it is worth remembering 
that many of the problems in severe sepsis are 
related more to a depressed host response or to 
difficulties in eliminating septic foci than to a 
lack of suitable antibiotics. 

Treatment of the infected focus 

Antibiotics are not the only weapon available 
for treating sepsis, and they are not even always 
the most effective one. Usually a septic condi· 
tion is secondary to an infected focus, and the 
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Table 53.1. Efficacy of treatment of aerobic Gram-negative 
rod septicaemia in 77 patients 

Treatment of the 
septic focus 

Effective Ineffective or 
ineradicable 

Antibiotic therapy Appropriate Appropriate 
Yes No Yes No 

Mortality (%) 

r--P<0.01~ 

14 I 17 7o I 9o 

LNS_j LNS_j 

discovery and eradication of this is the most 
important step in the treatment. For every case 
in which the infected focus can be treated with 
surgical drainage or removal of a foreign body, 
antibiotics are of secondary importance. Table 
53.1 shows the results obtained in 77 person
ally treated patients with Gram-negative rod 
bacteraemia. The results clearly show that once 
the treatment of the primary lesion was effec
tive, the prognosis did not differ significantly 
whether antibiotics were given or not. On the 
other hand, if the primary focus was not eradi
cated or if its treatment was ineffective, the 
prognosis was not significantly changed with 
the use of selected antibiotics. Nevertheless, in 
infections in which septic foci are diffuse and 
not amenable to surgical treatment, e.g., 
pneumonia, meningitis, or pyelonephritis, anti
biotics are the most useful means of therapy. 

Supportive therapy 

In patients with impaired immune responses 
special treatment should be considered. In 
those with a reduced skin test response two 
main forms have proved useful: nutritional 
therapy and an aggressive approach to the 
infection. 

The correction of established malnutrition or 
the prevention of its occurrence is an effective 
means of increasing host defence. This appears 
to be especially important in patients admitted 
to CCUs, where a high frequency of malnutri
tion has been shown [17]. Aggressive treatment 
of infection, especially when a septic focus is 
capable of being eradicated, is another pro
cedure that has been shown to be effective [11]. 

In the future, forms of therapy acting directly 
on abnormalities in the immune response may 
be used, such as immunostimulation by drugs, 
infusion of non-specific immunoglobulins, and 
passive immunotherapy with serum containing 
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antibodies against the toxic part of the LPS. At 
this time, only limited information is available 
and such therapy cannot yet be recommended. 
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