Sepsis in 2007

INTRODUCTION

Sepsis is defined as suspected or proven infection
plus a systemic inflammatory response syndrome
(SIRS). SIRS is diagnosed by the presence of two or more
of the following features: (a) oral temperature >38°C or
< 36°C, (b) heart rate > 90/min, (c) respiratory rate >
20/min and (d) white blood cell count > 12,000/ cumm
or < 4000/cumm? When accompanied by organ
dysfunction characterized by features such as
hypotension, hypoxemia, oliguria, metabolic acidosis,
etc. the condition is referred to as severe sepsis. Severe
sepsis with hypotension resistant to adequate fluid
resuscitation constitutes septic shock (Fig. 1).

The management of sepsis has seen the emergence
of many new innovations and treatment strategies. Not
all benefit every situation. It is therefore imperative to
administer therapy that is individualized to a particular
situation/clinical setting. The overall treatment thus
depends on the status of the patient in terms of the stage
of illness and the underlying pathophysiological proces-
ses. Heroic treatment may prove counterproductive and
thus the aim should be an early identification of the
underlying pathophysiology, an assessment of the
immunological status of the patient, the likely causative
organism (s) based on the source of the infection and
the stage of the illness. Though targeted therapy
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Fig. 1: Standardized terminologies in infective conditions
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individualized to each patient is ideal and desired, this
review discusses certain broad management guidelines
that are likely to be beneficial to treating clinicians.

PATHOPHYSIOLOGY OF SEPSIS

The pathophysiolgical process involves complex
interactions between a number of factors which include
the type of causative organism, the immune status of
the patient and the activation status of the patient’s
inflammatory and coagulation responses®*. The
outcome of the condition depends largely on the type
and characteristic of the infecting organism and the
nature of the patient’s responses. In the setting of an
inadequate host response to the infection, sepsis with
organ dysfunction is very likely. A high infective load,
highly virulent organisms, the presence of super-
antigens, compromised host immune responses and
antibiotic resistance often lead to progression of the
condition®.

Activation of the host innate immune mechanisms
leads to release of pro and anti-inflammatory molecules.
The resultant activation of neutrophils attempts to kill
the infecting organism but in the process also inflicts
vascular endothelial injury. This results in the release of
mediators that increase vascular permeability resulting
in tissue edema. The activated endothelial cells also
release nitric oxide which is a potent vasodilator and a
key mediator of septic shock. The inflammatory response
of early sepsis is amplified by specific humoral and cell
mediated adaptive immune responses.

Sepsis also results in an alteration of the pro and
anticoagulant balance of the body. There is an increase
in pro-coagulant activity mediated by the lipo-
polysaccharide present in gram-negative bacteria. The
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anticoagulant machinery of the body is conversely
suppressed by sepsis resulting in lowered levels of anti
coagulant molecules such as protein C, S and anti
thrombin II1°.

Sepsis is also associated with immunosupression and
apoptosis which is often the cause of late death in
patients’”. Under experimental laboratory conditions,
monocytes from patients with sepsis have been seen to
express lower amounts of pro-inflammatory cytokines
compared to healthy individuals®. Apoptosis of critical
immune, epithelial and endothelial cells and a shift to
an anti-inflammatory status is probably responsible for
the multi-organ dysfunction in sepsis. The apoptotic
process is stimulated by pro-inflammatory molecules,
activated T and B cells and high levels of circulating
glucocorticoids common in such situations’. As a result
of altered signaling pathways multi-organ dysfunction
and tissue injury ultimately results.

CLINICAL PRESENTATION AND
DIAGNOSIS OF SEPTICEMIA

The aims of clinical evaluation in cases of sepsis are
essentially three: the establishment of a diagnosis, an
estimation of severity and prognosis of the condition
and identification of the underlying cause. It must be
emphasized that the presentation is often a medical
emergency requiring immediate resuscitation and
empirical therapy. A full clinical assessment would be
delayed in such cases.

Sepsis may not always present with classical clinical
features and diagnostic investigative markers. The
clinical picture is determined by a number of factors
which include the site of infection, the infecting
organism, the immune status of the host, the presence
of coexisting illnesses among others. The clinical setting
is an extremely important factor in all cases. Nosocomial
infections and community acquired infections need to
be distinguished to ascertain the causative organism and
antibiotic sensitivity. Sepsis must always be suspected
and considered in the differential diagnosis of any
unexplained illness®.

The presenting symptoms of sepsis are usually non-
specific in the form of sweating, chills and rigors, nausea
and vomiting, headache and breathlessness. Elderly
patients may present with confusion. Severe sepsis may
present as unexplained hypotension and the rapid onset
may mimic myocardial infarction or a massive
pulmonary embolism. In some cases, symptoms specific
to the underlying infection may be present in the form
of cough, dysuria or features of meningial irritation
which may make the diagnosis easier. In all cases a

thorough history may reveal pointers towards
establishing a definitive diagnosis as well as aid the
choice of empiric therapy. Such history should include
history of recent surgical procedures, presence of
prosthetic devices in the body, immunosuppressive
medication, antibiotic therapy, recent travel, contact
with animals and local disease outbreaks. Risk factors
for nosocomial infection include patients on ventilators
for more than 3 days, presence of catheters (intravenous
and urinary), nasogastric tubes, cases of trauma, cases
on stress ulcer prophylaxis and patients with prolonged
stay in the hospital'?. Intravenous lines that have not
been changed for more than 4 days are a high risk source
of infection. Other major sites of infection that must be
suspected in critically ill patients are the abdomen which
includes intra abdominal abscesses, necrotic gut,
pancreatitis and acute cholecystitis, the urinary tract,
heart valves, meninges, joints and bones, nasal sinuses,
genitor urinary and gastrointestinal tract. In fact, any
small infective focus any where in the body can lead to
sepsis even in an apparently healthy individuals.

The clinical examination of cases may reveal features
of SIRS with or without features of organ failure. The
classic picture is that of a febrile patient who is tachy-
pneic, tachycardic, hypotensive, has a bounding arterial
pulse and warm peripheries. The patient may be
disoriented and oliguric. A detailed physical exami-
nation is imperative and should include the skin, ear,
nose throat, sinuses and all wounds and pressure points.
Rectal and vaginal examinations are a must which are
often overlooked. In already hospitalized patients all
indwelling catheters must be viewed with suspicion.
Fundus examination must be carried out to look for
retinal lesions including Candida endophthalmitis. In
certain cases, clinical examination may directly reveal
the underlying cause of infection such as purpuric rash
or peripheral gangrene of meningococcemia, peripheral
emboli of endocarditis and erythematous rash of
staphylococcal or streptococcal toxic shock syndrome.
In hypotensive patients, myocardial infarction, pulmo-
nary embolism, cardiac tamponade and hypovolemic/
redistributive shock must be considered.

LABORATORY INVESTIGATION IN SEPTICEMIA

The initial investigations for all cases of suspected
sepsis should include a full blood count and peripheral
film, urinalysis, chest X-ray, cultures of blood, sputum,
urine, wound discharges and IV lines. It is important to
ascertain the coagulation status of the patient and a
coagulation profile must be requested for Plasma lactate,
arterial blood gases must be done wherever available.
Plasma lactate, which is often elevated 3-5 times, relates
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to the degree of tissue hypoxia and are useful in not just
confirming the diagnosis but also monitoring the
response to therapy. It is interesting to note that only
about 10% of ICU patients with a clinical diagnosis of
septic shock have positive blood culture reports!!. The
reasons for the same are the possible effects of prior
antibiotic therapy, an inflammatory state that is not
necessarily infected, viral/fungal infections and faulty
culture methodology. Other investigations mandatory
are estimation of blood glucose, serum electrolytes, renal
and liver functions and ultrasound of the abdomen.
Specific investigations such as CT imaging, aspiration
and culture of fluid/pus collections are based on the
clinical setting of each case.

TREATMENT MODALITIES FOR SEPSIS

The management of sepsis can be considered at three
different levels. The first involves identification of the
underlying cause and administration of specific
therapeautic modalities. The second involves the general
supportive care of patients and the final aims at the
management of associated clinical conditions/
complications. Certain newer treatment modalities with
potential for use in the near future must also be
considered where appropriate.

The treatment modalities for sepsis should ideally
be tailor-made for specific situations. Certain consensus
guidelines for management of this condition are
available!'?. Therapy is broadly decided by the stage of
the illness. Emergency care is ideal for early stage of
sepsis (0-6 hours) and patients in later stages require
critical care. The principles of emergency care center on
early goal-directed therapy,'® lung protective ventila-
tion!* and broad spectrum antibiotics'>!. In certain
situations, activated protein C can also be considered!”.

Early goal-directed therapy has been reported to reduce
mortality and duration of hospitalization. The therapy
mainly consists of crystalloids administration to keep
CVP at 8-12 mm Hg, vasopressor if mean arterial
pressure is less than 65 mm Hg. Dobutamine therapy is
needed if venous oxygen saturation is below 70% even
after optimizing the CVP, mean arterial pressure and a
hematocrit level of 30% The mechanisms underlying the
benefits of this therapy are unknown but may include
reversal of tissue hypoxia and reduction of inflammation
and coagulation defects's.

Ventilatory support is usually considered once early
goal-directed therapy has been initiated. Acute lung
injury very often complicates sepsis and thus use of
relatively low tidal volumes also known as lung-
protective ventilation, forms an important part of the

management of such cases. Six ml per kg ideal body
weight tidal volume has been reported as beneficial
when compared to 12 ml per kg ideal body weight. Such
ventilation is documented to decrease mortality rates,
lessen organ dysfunction and lower levels of cytokines!®.
Judicious and appropriate sedation is required for
patients receiving ventilation?’. Care must be taken to
ensure that the sedation is not excessive. Neuromuscular
blocking agents should be avoided with the aim of
reducing the risk of prolonged neuromuscular dysfunc-

tion2.

The causative organism and the site of infection are
generally not certain in the early stages of sepsis. The
expeditious use of intravenous broad spectrum antibiotics
is therefore indicated in the interim while the culture
and host immune status is ascertained. The choice of
antibiotics must be judicious and appropriate to the
clinical setting and likely pathogenic organisms. The
possibility of antibiotic resistance in the concerned
hospital must be borne in mind. The use of inappro-
priate/ineffective antibiotics in the early management
of sepsis has a direct bearing on the outcome of sepsis
and septic shock®.

The use of activated protein C should be considered
once the above measures have been initiated. This
therapeautic modality should be offered in cases of
severe sepsis in a dose of 24 ug per kg per hour for 96
hours for its anti-inflammatory, anti-apoptotic and
anticoagulant actions. The indications for the same are
an Acute Physiology and Chronic Health Evaluation
(APACHE) II score of greater than or equal to 25 or
dysfunction of two or more organs®. Activated protein
Chasbeen reported to decrease mortality and ameliorate
organ dysfunction in severe sepsis. Its use in low-risk
patients is not justified. Activated protein C therapy is
contraindicated in patients with history of recent trauma
or surgery (<12 hours), recent stroke, concurrent
therapeutic anticoagulation and a platelet count of
< 30,000/ cumm to avoid serious bleeding and intra-
cerebral bleeding.

General supportive care. This revolves largely around
cardio-respiratory support, nutrition of patients,
prevention of deep vein thrombosis, prevention of stress
ulcers and prevention of nosocomial infections. Cardio-
respiratory support is aimed at maintaining perfusion
and venous oxygen saturation by means of fluids,
transfusion, vasopressor agents and assisted ventilation.
Enteral nutrition is safer and more effective than total
parentral nutrition?®. The latter may be required in
certain cases such as patients with abdominal sepsis,
surgery or trauma. The risk of deep venous thrombosis
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can be addressed by use of prophylactic heparin provi-
ded the patient has no coagulopathy or active bleeding.
Stress ulcer prophylaxis with H, receptor antagonists
must be considered especially in patients on ventilatory
support. The same may reduce the risk of gastrointesti-
nal hemorrhage?. The efficacy of proton pump
inhibitors is yet to be established. Nosocomial infections
can be controlled by avoiding immunosuppression, early
weaning from ventilatory support, removing catheters
and use of narrow spectrum and appropriate antibiotics.

A number of clinical conditions may be associated
with sepsis or may develop during the course of the
management of such patients. Important among these
are anemia, hyperglycemia and renal dysfunction.

Anemia is fairly common in sepsis®® and results from
a depression of erythropoiesis. The management should
involve transfusion of blood. Use of erythropoietin has
not been seen to increase survival and this form of
treatment requires days to weeks to induce erythro-
poesis. If indicated, early transfusion results in marked
lowering of mortality!3. The decision of transfusion can
be taken based on the hematocrit or hemoglobin value.
Values of 30% for the former and 7-9 g% for the latter
have been used with encouraging results as the

threshold for transfusion in early sepsis®.

Insulin resistance and hyperglycemia are invariably
present in sepsis. The latter needs to be corrected since
high blood sugar levels increase the risk of infection,
delay wound healing, impair neutrophil function,
induce apoptosis and promote blood coagulation®’?5.
Insulin therapy not only lowers the blood sugar levels
but also has anti-inflammatory, anti-apoptotic and
anticoagulant actions. The ideal blood sugar range and
insulin dose for such patients has not been studied. In
intubated surgical patients aggressive insulin
therapy aimed at achieving a blood sugar level of
4.4-6.1 mmol/L can decrease the mortality rates in the
ICU among patients who remain in the ICU for more
than 5 days. In contrast, the same therapy increases the
mortality rate among patients in the medical ICU who
stay for less than 3 days while the mortality rate is lower
for patients who spend more than 3 days in the medical
ICU.? Further studies are required to address this issue.

Sepsis with acute renal failure leads to increased
morbidity and mortality. Low-dose dopamine is not
recommended since it does not decrease the need for
renal support or improves survival. Lactic acidosis is a
common complication of septic shock. The use of sodium
bicarbonate in the setting of lactic acidosis has not been
found useful in improving the haemodynamics or the
response to vasopressor™.

Corticosteroids in the management of sepsis. Contrary
to the practice of using corticosteroids in the manage-
ment of sepsis for decades, randomized controlled trials
suggest that an early, short course of high dose
corticosteroids does not improve survival in severe
sepsis.’! The controversy over the use of corticosteroids
results from a number of factors. These include the
controversial status of adrenal insufficiency in sepsis,
the inconsistent finding of a decrease in the need for
vasopressor support in patients of sepsis offered low
dose hydrocortisone and the lack of sufficient evidence
of a survival benefit of such treatment in patients with
no response to a corticotrophin stimulation test.

The estimation of cortisol levels for diagnosis of
adrenal insufficiency in patients with sepsis needs
careful examination. Since serum total cortisol reflects
both the protein bound and the free cortisol, the lowered
albumin levels in septicemic patients may result in a
lowering of the total cortisol values, falsely suggesting
adrenal insufficiency, while the free cortisol, which is
physiologically active, may be normal or increased.

Traditionally considered essential for management
of persistent ARDS, corticosteroids have not proved
beneficial in reducing 60-day mortality in such cases.*
In patients with sepsis, corticosteroids can have
important side effects such as hyperglycemia, neuro-
myopathy, immunosuppression and loss of intestinal
epithelial cells by apoptosis. The immunosupression can
lead to nosocomoial infections and delayed / impaired
wound healing.

Vasopressin in the management of sepsis. Vasopressin
deficiency is common in septic shock as is the down
regulation of its receptors®*34 Short-term low-dose
infusion of this drug has been reported to increase blood
pressure, urinary output and creatinine clearance,
permitting a dramatic increase in vasopressor therapy.
However, intestinal ischemia, skin necrosis, lowered
cardiac output and an increased risk of death are the
important issues which presently do not favor its use in

sepsis®.

Emerging Treatment Modalities

Current research on newer treatment modalities for
sepsis include the use of anti-TSST-Ii.e. Staphylococcal
toxic shock syndrome toxin 1 (superantigen), inhibitors
of tissue factor to combat the procoagulant activity.
Animal studies have indicated improved survival with
the use of anti-apoptotic agents such as anticaspases®.
Measures to boost the immune status of patients with
interferon gamma may also prove beneficial¥’. Other
measures being evaluated are the use of lipid emulsions
to bind and neutralize lipopolysaccharide of infecting
bacteria.
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SUSPECT and TRANSFER EARLY TQ ICU SETUP
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Fig. 2: Outline for management of cases of sepsis

SUMMARY AND CONCLUSION

Sepsis is a fairly common clinical condition that is
often difficult to diagnose. Prompt diagnosis and
management requires a high degree of suspicion and
diligent clinical and investigative work-up of patients.
The condition often presents as a medical emergency
where the priority is on prompt resuscitation and logical
empiric therapy to begin with, followed by rational
investigative workup. The management of cases has to
be individualized. The role of certain drugs like
corticosteroids, vasopressin and insulin needs further
study. Newer treatment modalities like superantigens,
interferon gamma and anticaspases are being evaluated
for clinical efficacy. It is recommended that certain broad
guidelines as illustrated in Figure 2 be kept in mind while
managing cases.

REFERENCES

1. Bone RC, Balk RA, Cerra FB, et al. Definitions for sepsis and
organ failure and guidelines for the use of innovative therapies
in sepsis. Chest 1992;101:1644-55.

2. Treacher DF, Grant IS. Critical care and emergency medicine.
In: Boon NA, Colledge NR, Walker BR, Hunter JAA (Eds).
Davidson’s principles and practice of medicine. Elsevier.
London 2006;185.

3. Lynn WA. Sepsis. In: Cohen J, Powderly WG (Eds). Infectious
Diseases. Mosby. London 2004;615-20.

10.

11.

12.

Hotchkiss RS, Karl IE. The pathophysiology and treatment of
sepsis. N Engl ] Med 2003;348:138-50.

Russel JA. Management of sepsis. N Engl ] Med 2006;355:1699-
713.

Creasey AA, Reinhart K. Tissue factor pathway inhibitor
activity in severe sepsis. Crit Care Med 2001;29:Suppl 7:5126-
9.

Meakins JL, Pietsch JB, Bubenick O, et al. Delayed hyper-
sensitivity: indicator of acquired failure of host defenses in
sepsis and trauma. Ann Surg 1977;186:241-50.

Ertel W, Kremer JP, Kenney ], et al. Downregulation of
proinflammatory cytokine release in whole blood from septic
patients. Blood 1995;85:1341-7.

Ayala A, Herdon CD, Lehman DL, DeMaso CM, Ayala CA,
Chaudry IH. The induction of accelerated thymic programmed
cell death during polymicrobial sepsis: control by cortico-
steroids but not tumor necrosis factor. Shock 1995;3:259-67.

Treacher DF, Grant IS. Critical care and emergency medicine.
In: Boon NA, Colledge NR, Walker BR, Hunter JAA (Eds).
Davidson’s principles and practice of medicine. Elsevier.
London 2006;190.

Treacher DF, Grant IS. Critical care and emergency medicine.
In: Boon NA, Colledge NR, Walker BR, Hunter JAA (Eds).
Davidson’s principles and practice of medicine. Elsevier.
London 2006;189.

Dellinger RP, Carlet JM, Masur H, et al. Surviving Sepsis
Campaign guidelines for management of severe sepsis and
septic shock. Crit Care Med 2004;32:858-73. [Erratum, Crit Care
Med 2004;32:1448, 2169-70.]



592

Medicine Update

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Rivers E, Nguyen B, Havstad S, et al. Early goal-directed
therapy in the treatment of severe sepsis and septic shock. N
Engl ] Med 2001;345:1368-77.

The Acute Respiratory Distress Syndrome Network. Ventila-
tion with lower tidal volumes as compared with traditional
tidal volumes for acute lung injury and the acute respiratory
distress syndrome. N Engl ] Med 2000;342:1301-8.

Ibrahim EH, Sherman G, Ward S, Fraser V], Kollef MH. The
influence of inadequate antimicrobial treatment of bloodstream
infections on patient outcomes in the ICU setting. Chest
2000;118:146-55.

Leibovici L, Shraga I, Drucker M, Konigsberger H, Samra Z,
Pitlik SD. The benefit of appropriate empirical antibiotic
treatment in patients with bloodstream infection. ] Intern Med
1998;244:379-86.

Bernard GR, Vincent JL, Laterre PF, et al. Efficacy and safety
of recombinant human activated protein C for severe sepsis.
N Engl ] Med 2001;344:699-709.

Kietzmann T, Roth U, Jungermann K. Induction of the
plasminogen activator inhibitor-1 gene expression by mild
hypoxia via a hypoxia response element binding the hypoxia-
inducible factor-1 in rat hepatocytes. Blood 1999;94:4177-85.

Ranieri VM, Suter PM, Tortorella C, et al. Effect of mechanical
ventilation on inflammatory mediators in patients with acute
respiratory distress syndrome: a randomized controlled trial.
JAMA 1999;282:54-61.

Kress JP, Pohlman AS, O’Connor MF, Hall JB. Daily interrup-
tion of sedative infusions in critically ill patients undergoing
mechanical ventilation. N Engl ] Med 2000;342:1471-7.

Segredo V, Caldwell JE, Matthay MA, Sharma ML, Gruenke
LD, Miller RD. Persistent paralysis in critically ill patients after
long-term administration of vecuronium. N Engl ] Med
1992;327:524-8.

Harbarth S, Garbino ], Pugin J, Romand JA, Lew D, Pittet D.
Inappropriate initial antimicrobial therapy and its effect on
survival in a clinical trial of immunomodulating therapy for
severe sepsis. Am ] Med 2003;115:529-35.

Ely EW, Laterre PF, Angus DC, et al. Drotrecogin alfa
(activated) administration across clinically important sub-
groups of patients with severe sepsis. Crit Care Med 2003;31:12-
9.

Marik PE, Zaloga GP. Early enteral nutrition in acutely ill
patients: a systematic review. Crit Care Med 2001;29:2264-70.
[Erratum, Crit Care Med 2001;29:2387-8.]

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Cook D, Guyatt G, Marshall ], et al. A comparison of sucralfate
and ranitidine for the prevention of upper gastrointestinal
bleeding in patients requiring mechanical ventilation. N Engl
J Med 1998;338:791-7.

Hebert PC, Wells G, Blajchman MA, et al. A multicenter,
randomized, controlled clinical trial of transfusion
requirements in critical care. N Engl ] Med 1999;340:409-17.
[Erratum, N Engl ] Med 1999;340:1056.]

Ortiz A, Ziyadeh FN, Neilson EG. Expression of apoptosis-
regulatory genes in renal proximal tubular epithelial cells
exposed to high ambient glucose and in diabetic kidneys. J
Investig Med 1997;45:50-6.

Carr ME. Diabetes mellitus: a hypercoagulable state. ] Diabetes
Complications 2001;15:44-54.

Van den Berghe G, Wilmer A, Hermans G, et al. Intensive
insulin therapy in the medical ICU. N Engl ] Med 2006;354:449-
61.

Cooper DJ, Walley KR, Wiggs BR, Russell JA. Bicarbonate does
not improve hemodynamics in critically ill patients who have
lactic acidosis: A prospective, controlled clinical study. Ann
Intern Med 1990;112:492-8.

Annane D, Bellissant E, Bollaert PE, Briegel J, Keh D, Kupfer
Y. Corticosteroids for severe sepsis and septic shock: A syste-
matic review and meta-analysis. BM] 2004;329:480.

Steinberg KP, Hudson LD, Goodman RB, et al. Efficacy and
safety of corticosteroids for persistent acute respiratory distress
syndrome. N Engl ] Med 2006,;354:1671-84.

Patel BM, Chittock DR, Russell JA, Walley KR. Beneficial effects
of short-term vasopressin infusion during severe septic shock.
Anesthesiology 2002;96:576-82.

Grinevich V, Knepper MA, Verbalis ], Reyes I, Aguilera G.
Acute endotoxemia in rats induces down-regulation of V2
vasopressin receptors and aquaporin-2 content in the kidney
medulla. Kidney Int 2004;65:54-62.

Holmes CL, Walley KR, Chittock DR, Lehman T, Russell JA.
The effects of vasopressin on hemodynamics and renal function
in severe septic shock: A case series. Intensive Care Med
2001;27:1416-21.

Hotchkiss RS, Chang KC, Swanson PE, et al. Caspase inhibitors
improve survival in sepsis: a critical role of the lymphocyte.
Nat Immunol 2000;1:496-501.

Docke WD, Randow F, Syrbe U, et al. Monocyte deactivation

in septic patients: restoration by IFN-gamma treatment. Nat
Med 1997;3:678-81.



