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Abstract

Management of sepsis and septic shock has been greatly evolved since the initial publications of Surviving Sepsis
Campaign (SSC) guidelines in 2004. But still these conditions are associated with high mortality in patients admit-
ted to the hospital as well as to the intensive care unit. From time to time experts have gathered information and
new evidences for the betterment of care of these patients as well as to decrease the high rate of mortality associ-
ated with sepsis and septic shock. The guidelines have been revised in 2008 and 2012. The recent guideline,
which is published in 2016 have taken into consideration of the best available evidences for the management of
sepsis and septic shock till date. While they have incorporated few evidence based recommendation, definitions
and newer modalities of assessment for the management of sepsis and septic shock; at the same time they have
revised the previous recommendations based on the recently published evidences against these recommenda-
tions. Overall these guidelines will greatly help all the physicians involved in the care of sepsis and septic shock
patients and will help in improving the outcome of these patients. Till new evidences are available, these recom-
mendations will guide physicians taking their best clinical decision for the management of sepsis and septic shock.
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Review

Despite remarkable advancement in the understanding
of sepsis patho-biology, it still remains as one of the
leading cause of inhospital mortality. Its management
has evolved greatly since the initial publications of
Surviving Sepsis Campaign (SSC) guidelines in 2004
The guidelines are revised in 2008, 2012 and 2016.Here
is the latest recommendation for the management of
severe sepsis and septic shock, which is based on the
2016 SSC guidelines2.

The recent definition of sepsis as defined by The Third
International Consensus Definitions for Sepsis and
Septic Shock (Sepsis-3) has defined sepsis as change in
Sequential [Sepsis-related] Organ Failure Assessment
(SOFA) score (22) or presence of two of the three
criterion gSOFA (Quick SOFA; Altered mental status,
RR >22/min, SBP <toommHg) score in the background
of infection.3 The task force has also defined septic
shock as sepsis with persistent hypotension requiring
vasopressors to maintain a mean arterial pressure
(MAP) of = 6smmHg and having a serum lactate level
>2 mmol/L (18mg/dL) despite adequate volume
resuscitation. It will enable clinicians to immediately
start the management of patients with sepsis even
before admission to the intensive care unit (ICU).

Initial Resuscitation

Once a patient is identified with severe sepsis the
guidelines recommend initiation of the treatment and
resuscitation as it is a medical emergency; and it should
not be delayed pending the ICU admission. Over the

last one decade these measures were based on the early
goal-directed therapy (EGDT) protocol, whose credi-
bility has been questioned in view of recently published
3 trials namely ProCESS trial, ARISE trial and ProMISE
trial47. These trials have failed to show any significant
mortality benefit associated with protocolized goal
directed therapy compared to the standard of care
protocol. But these findings could be attributed to the
significantimprovement in the standard of care practic-
es which have practically incorporated the elements of
EGDT over the last decade in the management of
severe sepsis patient due to better sensitization. During
the first 3 hours, atleast 30ml/kg of IV crystalloid fluid
should be given for hypo perfusion due to sepsis and
additional fluid administration should be guided based
on repeated assessment of hemodynamic status.
During further evaluation of shock, cardiac function
should be evaluated and if available dynamic hemody-
namic variables should be used to assess fluid respon-
siveness. The guideline strongly recommends
maintaining a MAP of 6smmHg in patients with septic
shock requiring vasopressors. The resuscitation should
be guided with the measurement of serum lactate level
asitis a marker for tissue perfusion.

Screening for Sepsis and diagnosis

A hospital performance improvement program for
sepsis should be in place. It will help in screening and
early identification of high risk patients. Early identifi-
cation of sepsis focus will lead to early institution of
treatment protocol and will improve the patient
outcome®. The time gap between sepsis identification
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and initiation of treatment is vital to the patient surviv-
al®. With widespread use of ultrasound by the Emer-
gency medicine department and ICU, it is a valuable
tool for the immediate screening of the patient with
severe sepsis. It will be a useful tool for initial noninva-
sive evaluation of sepsis focus identification. For the
identification of the causative organisms, at least two
sets of blood cultures (both aerobic and anaerobic
bottles) should be obtained before starting antimicro-
bial therapy. Of the two samples, at least one should be
drawn percutaneously and the other one from the
vascular access device, unless the device was recently
(< 48 hours) inserted. The volume of blood drawn with
the culture tube should be > 10 mL™. Samples can be
refrigerated or frozen if processing cannot be
performed immediately. For identification of systemic
fungal infection rapid diagnostic methods such as the
use of 1, 3 -d-glucan assays, mannan and anti-mannan
antibody assays will be helpful.

Antimicrobial Therapy

Effective antimicrobials should be administered within
1 hour of sepsis identification. Each hour of delay in
septic shock patient is associated with significantly
increased mortality. Most studies support giving antibi-
otics to septic shock patient without any delay® ™. The
empiric antibiotics will include one or more drugs that
have broad spectrum activity covering suspected
pathogens. Also they should able to achieve adequate
therapeutic concentration at presumed site of suspect-
ed infection. Empiric antifungal therapy should be
considered where invasive fungal infection is suspect-
ed. The choice of antibiotic should be guided by the
local prevalence patterns of bacterial pathogens and
susceptibility data. Daily reassessment of the antibiotic
regimen should be done by the clinician and due
consideration should be given for potential de-escala-
tion of the drug, once the causative organism is identi-
fied or if there is failure of any response to the
treatment regimen. The empiric coverage should be
narrowed once the causative pathogen is identified or if
there is adequate clinical recovery. It will prevent
development of resistance as well as reduce both
toxicity and cost. Bio marker such as low procalcitonin
level may be used to assist the clinician in making the
decision regarding the discontinuation of the empiric
antibiotics in patients who have no subsequent
evidence of infection™ . The guideline recommends
against the use of prophylactic antimicrobial therapy in
patients with severe inflammatory states of noninfec-
tious origin (e.g., severe pancreatitis, burn injury).
Appropriate antibiotic dosage should be used accord-
ing to both pharmacokinetic and pharmacodynamics of
the drug.

Combination empiric antibiotic should used only for
patients with septic shock aiming at the most likely
pathogen. It strongly recommends against the use of
combination therapy for the routine treatment of
patients with neutropenic sepsis or bacteremia. An
infectious disease consultation should be taken wher-
ever multidrug resistance pathogen is suspected.
Combination antimicrobial therapy should be used for
streptococcal toxic shock syndrome with penicillin and
clindamycin. For Pseudomonas aeruginosa bacteremia
associated with respiratory failure and septic shock, a
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combination therapy with an extended spectrum
beta-lactam and either an aminoglycoside or a fluoro-
quinolone is necessary™. Similarly, for Streptococcus
pneumonia infections a more complex combination of
beta-lactam and a macrolide is required. However the
combination therapy should not be given for more than
3 to 5 days. The duration of antibiotic therapy should
not be more than 7 to 10 days unless clinically indicated.
Longer duration of treatment is required in patients
with slow response, those with undrainable foci of
infection, bacteremia with Staphylococcus aureus;
some fungal and viral infections, or immunologic
deficiencies, including neutropenia. Those patiets who
have suspected associated viral infection empiric antivi-
ral treatment should be initiated.

Source Control and infection prevention

Emergent source control should be done with specific
anatomical diagnosis of infection like necrotizing soft
tissue infection, peritonitis, cholangitis andintestinal
infarction. An intervention should be undertaken for
source control within the first 12 hours after the diagno-
sis, except in case of infected peri-pancreatic necrosis.
For infected peri-pancreatic necrosis the definitive
intervention should be delayed until an adequate
demarcation of viable and nonviable tissues has
occurred™. For the purpose of source control the least
invasive physical insult will be preferred”. If any
intravascular access device is suspected as the source of
infection then it should be removed promptly after
establishing other site for vascular acess™ .

Selective oral decontamination (SOD) and selective
digestive decontamination (SDD) should be used to
reduce the incidence of ventilator-associated pneumo-
nia (VAP). Also oral chlorhexidine gluconate (CHG)
should be used for oropharyngeal decontamination to
reduce the risk of VAP in ICU patients with severe
sepsis.

Fluid Therapy

A fluid challenge technique should be always used
where fluid administration continues. The fluid resusci-
tation of severe sepsis and septic shock should be done
with crystalloid. Either balanced crystalloids or saline
can be used for this purpose. When patients requires
substantial amount of crystalloids, then albumin can be
added with crystalloids for fluid resuscitation. Hydrox-
yethyl starches(HES) must be best avoided for fluid
resuscitation of severe sepsis and septic Shock. This
recommendation is based on the findings of the results
of the VISEP, CRYSTMAS, 6S, and CHEST trials2°-23.
Those who require substantial amounts of crystal-
loids should be resuscitated with the use of albumin,
as albumin administration is safe and equally effec-
tive as 0.9% saline?4. Patients with sepsis-induced
tissue hypoperfusion with suspicion of hypovolemia
should be given an initial fluid challenge to achieve a
minimum of 30 mL/kg of crystalloids. It has suggest-
ed the use of crystalloids over gelatins while resusci-
tating patients with sepsis or septic shock. During
ongoing fluid administration hemodynamic improve-
ment should be assessed using dynamic parameters of
fluid responsiveness. These techniques include
passive leg raises, fluid challenges against stroke
volume measurements, systolic pressure variation,
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and stroke volume variation. Echocardiography also
can be used as bed side tool to assess the volume status
and fluid responsiveness.

Vasoactive medications

Vasopressors to be started early to maintain a MAP of
65 mmHg and norepinephrine is recommended as the
first-choice of vasopressor®. Norepinephrine is more
potent as well as more effective at reversing hypoten-
sion in patientswith septic shock as compared to dopa-
mine. Dopamine causes more tachycardia and is also
more arrhythmogenic than norepinephrine®. When an
additional agent is required to maintain the target MAP
then either vasopressin (up to 0.03 U/min) or epineph-
rine should be added to norepinephrine. Vasopressin
levels have been found to be low in patients with septic
shock??. Vasopressin (up to 0.03 U/min) can be added
to norepinephrine to raise the MAP or to decrease the
norepinephrine dosage. However, low-dose vasopres-
sin is not recommended as the single initial vasopressor
for the treatment of sepsis-induced hypotension?®. Use
of dopamine as an alternative vasopressor agent to
norepinephrine is reserved only for highly selected
patients (eg, patients with low risk of tachyarrhythmias
and absolute or relative bradycardia). Phenylephrine is
not recommended for the treatment of patients with
septic shock. Also low dose dopamine should not be
used for renal protection®93°. All patients who require
vasopressor therapy should be placed with an arterial
catheter, as estimation of BP using cuff will be mostly
inaccurate during shock. Patients with myocardial
dysfunction as evidenced by low cardiac output or with
ongoing signs of hypoperfusion, despite adequate
intravascular fluid loading and adequate use of
vasopressor agents, should be given trial with
dobutamine infusion. Any predetermined cardiac
output goal should not be targeted during its use.

Corticosteroids

The guideline recommends against the use of intrave-
nous hydrocortisone for the treatment of adult septic
shock patients if adequate fluid resuscitation and
vasopressor therapy are able to restore hemodynamic
stability. If patient has persistent hypotension despite
all the measures then add intravenous hydrocortisone
alone at a dose of 200 mg per day3. A continuous
infusion is preferred over its bolus administration to
avoid hyperglycemia and hypernatremia. Clinicians
should taper the patient from steroid therapy when
vasopressors are no longer required. The guidelines
recommended against the use of corticosteroids in the
treatment of sepsis when there is no shock.

Blood and blood products

Red blood cell should be transfused only when the
hemoglobin concentration decreases to < 7.0 g/dLin
adults except in patients with myocardial ischemia,
severe hypoxemia or acute hemorrhage32. Erythropoie-
tin should not be used for the treatment of anemia
associated with severe sepsis. Fresh frozen plasma
should not be used to correct laboratory clotting abnor

Volume 6, Number1

malities in the absence of bleeding33 34. It can be
transfused prior to any planned invasive procedures.
For platelets, it should be administered prophylactically
when counts are < 10,000/mm3 (10 x 109/L) in the
absence of apparent bleeding. If the patient has a signif-
icant risk of bleeding then platelet should be transfused
when counts are < 20,000/mm3 (20 x 109/L). Higher
platelet counts (= 50,000/mm3 [50 x 109/L]) are
required for active bleeding, surgery, or invasive
procedures. Intravenous immunoglobulins should not
be used in adult patients with sepsis or septic shock.

Anticoagulants and blood purification

While the guidelines recommends against the adminis-
tration of antithrombin; there is no recommendation
for the use of thrombomodulin or heparin for the
treatment of sepsis or septic shock. The guideline made
no recommendation for the use of blood purification
techniques such as high-volume hemofiltration and
hemoadsorption (or hemoperfusion).

Mechanical Ventilation

Clinicians should use lung protective ventilation strate-
gy with a target tidal volume of 6 mL/kg predicted
body weight in patients with sepsis induced acute
respiratory distress syndrome (ARDS). Plateau
pressures should be measured in these patients and the
initial upper limit goal should be < 30 cm H2035:3. PEEP
should be applied to avoid alveolar collapse at end
expiration. Strategies based on higher levels of PEEP
should be used for patients with sepsis-induced
moderate to severe ARDS%. Recruitment maneuvers
should be used in sepsis patients with severe refractory
hypoxemia due to ARDS. Ventilation strategy with
positioning should be considered in sepsis-induced
ARDS patients with a PaO,/FiO, ratio < 100 mm Hg
wherever feasible®®. The guideline strongly recom-
mends against the use of high-frequency oscillatory
ventilation (HFOV) in adult patients with sepsis-in-
duced ARDS.

Patients who are on mechanical ventilation should be
be maintained with the head of the bed elevated
between 30 and 45 degrees to limit aspiration risk and
to prevent the development of VAP39. A specific wean-
ing protocol should be in place for patients on mechani-
cal ventilation. Patients will undergo spontaneous
breathing trials reqularly to evaluate the ability to
discontinue mechanical ventilation and if the spontane-
ous breathing trial is successful, extubation should be
considered. Guidelines recommended against the
routine use of the pulmonary artery catheter for
patients with sepsis-induced ARDS4°>4'. A conservative
fluid strategy is recommended for patients with
established sepsis-induced ARDS who do not have
evidence of tissue hypoperfusion. In the absence of
bronchospasm, B2-agonists should not be used for the
treatment of patients with sepsis-induced ARDS4> 43,
The guideline made no recommendation regarding the
use of NIV for patients with sepsis induced ARDS.
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Sedation, Analgesia, and Neuromuscular
Blockade in Sepsis

Sedation should be minimized in mechanically ventilat-
ed sepsis patients, targeting specific titration end
points, so as to reduce the duration of mechanical venti-
lation and ICU and hospital lengths of stay4446. Neuro-
muscular blocking agents (NMBAs) must be avoided if
possible in septic patients without ARDS due to the risk
of prolonged neuromuscular blockade following their
discontinuation. If NMBAs must be used then depth of
blockade should be monitored using train-of-four. A
short course of an NMBA (< 48 hours) can be used for
patients with early, sepsis-induced ARDS and
PaO,/FiO,< 150 mm Hg.

Glucose Control

Guideline recommends a protocolized approach to
blood glucose management in ICU patients with severe
sepsis. Insulin should be started when two consecutive
blood glucose levels are > 180 mg/dL#+48. Blood
glucose values should be monitored every 1 to 2 hrs
until glucose values and insulin infusion rates are stable,
after that it should be monitored every 4 hours. The
point-of care capillary blood glucose testing should be
interpreted with caution, as it may not accurately
estimate arterial blood or plasma glucose values®. If
patient has arterial catheter than arterial blood should
be used for point of care testing of blood glucose. The
target upper blood glucose level should be <180 mg/dL
and hypoglycemia should be avoided+.

Renal Replacement Therapy (RRT) and
bicarbonate therapy

Both continuous renal replacement therapy (CRRT)
and intermittent HD are equivalent in achieving short
term survival rate in patients with severe sepsis and
AKI5°. Those patients who are hemodynamically unsta-
ble, CRRT will facilitate management of fluid balance.
RRT should not be used without absolute indication for
dialysis. Sodium bicarbonate therapy should not be
used to improve hemodynamics or reducing vasopres-
sor requirements in patients who has hypoperfusion-
induced lactic acidemia with pH 2 7.155" 52, Bicarbonate
will lead to sodium and fluid overload, an increase in
lactate and PCO,, and a decrease in the serum ionized
calcium.

Deep Vein Thrombosis Prophylaxis

Patients admitted to the ICU have significant risk for
developing deep vein thrombosis (DVT)s. Patients
with severe sepsis should receive daily pharma-
co-prophylaxis against venous thromboembolism
(VTE). This should be done with daily subcutaneous
low-molecular weight heparin (LMWH). If the creati-
nine clearance of the patient is < 30 mL/min, then
dalteparin or UFH should be used. Patients with severe
sepsis should be treated with combined pharmacologic
therapy and intermittent pneumatic compression
devicess+ 55. Those patients who have contraindica-
tion to heparin use (eg, thrombocytopenia, severe
coagulopathy, active bleeding, and recent intracere
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bral hemorrhage) should not receive pharma-
co-prophylaxis. They should receive mechanical
prophylactic treatment, such as graduated compres-
sion stockings or intermittent compression devices
unless contraindicateds® 8.

Stress Ulcer Prophylaxis

The risk factor for Gl bleeding includes coagulopathy,
mechanical ventilation for at least 48 hours and possibly
hypotension. Stress ulcer prophylaxis should be given
with either proton pump inhibitor or Histamine-2
receptor antagonists (H2RAs)to patients with severe
sepsis/septic shock who have bleeding risk factorsso-¢'.
Those patients who do not have any risk factors should
not receive any stress ulcer prophylaxis.

Nutrition

Nutrition should be started within the first 48 hours
after a diagnosis of severe sepsis/septic shock. Oral
or enteral feedings should be started rather than
either complete fasting or administration of only
intravenous glucose. Mandatory full caloric feeding
should be avoided in the first week of illness, rather a
low-dose feeding (eg, up to 500 kcal per day), should
be started and advanced gradually as tolerated by the
patienté> 83, Intravenous glucose and enteral nutrition
should be started rather than total parenteral nutri-
tion (TPN) alone or parenteral nutrition in conjunc-
tion with enteral feeding in the first 7 days after a
diagnosis of severe sepsis/septic shock. The guide-
line suggests the use of either early trophic/hypoca-
loric; which can be increased according to patient
tolerance or early full enteral feeding in critically ill
patients with sepsis or septic shock. While the guide-
line suggested against the routine monitoring of
gastric residual volumes, the same can be measured in
patients with feeding intolerance and those patients
who are at high risk for aspiration. For patients with
feeding intolerance prokinetic agents should be used.
Also post-pyloric feeding tube should be placed for
patients with feeding intolerance and those who are
at high risk for aspiration.

No specific immune modulating supplementation
should be added to the nutrition®4. It has recommended
against the use of omega-3 fatty acids as an immune
supplement to the feed.The guideline strongly recom-
mended against the use of IV selenium and glutamine,
while suggested against the use of arginine to treat
sepsis and septic shock. The guideline has no recom-
mendation for the use of carnitine for sepsis and septic
shock.

Setting Goals of Care

The goals of care and prognosis of the patient should
be discussed with patients and families. Appropriate
palliative care principles and end-of-life care
planning should be considered where applicable.
These goals of care should be addressed within 72
hours of ICU admission.



Review Article Management of sepsis and septic shock

References

1) Dellinger R, Carlet ), Masur H, Gerlach H,
Calandra T, Cohen ) et al. Surviving Sepsis
Campaign guidelines for management of severe
sepsis and septic shock. Crit Care Med.

2004;32(3):858-73.

2) Rhodes A, Evans LE, Alhazzani W, Levy MM,
Antonelli M, Ferrer R, et al. Surviving Sepsis
Campaign: International guidelines for manage-
ment of sepsis and septic shock. Crit Care Med.

2017;45(3):486-552.

3) Singer M, Deutschman CS, Seymour
CW,Shankar-Hari M,Annane D, Bauer M, et al.
The Third International Consensus Definitions for
Sepsis and Septic Shock (Sepsis-3); JAMA.
2016;315(8):801-10.

4) RiversE, Nguyen B, Havstad S, Ressler J, Muzzin
A, Knoblich B,et al. Early Goal-Directed Therapy in
the treatment of severe sepsis and septic shock; N
Engl) Med. 2001;345(19):1368-77.

5) Yealy DM, Kellum JA, Huang DT, Barnato AE,
Weissfeld LA, Pike F et al for the ProCESS trial. A
randomized trial of protocol-based care for early
septic shock. N Engl ] Med. 2014;370(18):1683-93.

6) The ARISE Investigators, ANZICS Clinical Trials
Group. Peake SL, Delaney A, Bailey M, Bellomo R,
Cameron PA, Cooper D, et al. Goal-directed
resuscitation for patients with early septic shock. N
Engl) Med. 2014;371(16):1496-506.

7) Mouncey PR, Osborn TM, Power GS, Harrison
DA, Sadique MZ, Grieve RDet al for the ProMISe
trial investigators. Trial of early, goal-directed
resuscitation for septic shock. N Engl ) Med.

2015;372(14):1301-11.

8) Levy MM, Dellinger RP, Townsend
SR,Linde-Zwirble WT, Marshall JC, Bion ] et al.
Surviving Sepsis Campaign: The Surviving Sepsis
Campaign: Results of an international guide-
line-based performance improvement program
targeting severesepsis. Crit Care Med

2010;38(2):367-74.

9) Jones AE, Shapiro NI, Trzeciak S,Arnold RC,
Claremont HA, Kline JA, et al. Emergency Medi-
cine Shock Research Network (EMShockNet)
Investigators: Lactate clearance vs central venous
oxygen saturation as goals of early sepsis therapy:
A randomized clinical trial. JAMA. 2010;303(8):

739—46.

10) Mermel LA, Maki DG. Detection of bacteremia in
adults: Consequences of culturing an inadequate
volume of blood. Ann Intern Med. 1993;

119(4):270-2.

11) Kumar A, Roberts D, Wood KE, Light B, Parrillo JE,
Sharma S, et al. Duration of hypotension before
initiation of effective antimicrobial therapy is the
critical determinant of survival in human septic
shock. Crit Care Med 2006;34(6):1589-96.

Volume 6, Number1

12) Tang BM, Eslick GD, Craig)C, McLean AS.
Accuracy of procalcitonin for sepsis diagnosis in
critically ill patients: Systematic review and
metaanalysis. Lancet Infect Dis.2007;7(3):210-17.

13) Heyland DK, Johnson AP, Reynolds
SC,Muscedere ). Procalcitonin for reduced
antibiotic exposure in the critical care setting: A
systematic review and an economic evaluation.
Crit Care Med 2011;39(7):1792—99.

14) Micek ST, Welch EC, Khan J,Pervez M, Doherty
JA, Reichley RM, et al. Empiric combination
antibiotic therapy is associated with improved
outcome against sepsis due to Gram-negative
bacteria: A retrospective analysis. Antimicrob
Agents Chemother. 2010;54(5):1742-48.

15) Garnacho-Montero J, Sa-Borges M, Sole-Violan
J,Barcenilla F, Escoresca-Ortega A, Ochoa M, et al.
Optimal management therapy for Pseudomonas
aeruginosa ventilator-associated pneumonia: An
observational, multicenter study comparing
monotherapy with combination antibiotic therapy.
Crit Care Med. 2007;35(8):1888-95.

16) Mier ), Leén EL, Castillo A, Robledo F, Blanco R.
Early versus late necrosectomy in severe necrotiz-

ing pancreatitis. Am J Surg. 1997;173(2):71-75.

17) VanSantvoort HC, Besselink MG, Bakker O),Hofk-
er HS, Boermeester MA, Dejong CH, et al. Dutch
Pancreatitis Study Group: A step-up approach or
open necrosectomy for necrotizing pancreatitis. N
Engl) Med. 2010;362(16):1491-02.

18) O’Grady NP, Alexander M, Dellinger EP,Gerberd-
ingJL, Heard SO, Maki DG, et al. Guidelines for
the prevention of intravascular catheter-related
infections. Centers for Disease Control and
Prevention. MMWR Recomm Rep.
2002;51(RR-10):1-29.

19) O’Grady NP, Alexander M, Dellinger EP. Guide-
lines for the prevention of intravascular cathe-
ter-related infections. Clin Infect Dis. 2002;
35:1281-1307.

20) Brunkhorst FM, Engel C, Bloos F,Meier-Hellmann
A, Ragaller M, Weiler N, et al. German Compe-
tence Network Sepsis (SepNet): Intensive insulin
therapy and pentastarch resuscitation in severe
sepsis. N Engl ) Med. 2008;358(2):125-39.

21) Guidet B, Martinet O, Boulain T,Philippart F,
Poussel JF, Maizel J, et al: Assessment of hemody-
namic efficacy and safety of 6% hydroxyethyl-
starch 130/0.4 vs. 0.9% NaCl fluid replacement in
patients with severe sepsis: The CRYSTMAS
study. Crit Care. 2012;16(3):R94.

22) Perner A, Haase N, Guttormsen AB,Tenhunen J,
Klemenzson G, Aneman A, et al. 6S Trial Group;
Scandinavian Critical Care Trials Group. Hydrox-
yethyl starch 130/0.42 versus Ringer’s acetate in
severe sepsis. N Engl ] Med. 2012;367(2):124-34.



Review Article Management of sepsis and septic shock

23) Myburgh JA, Finfer S, Bellomo R, Billot L, Cass A,
Gattas D, et al. CHEST Investigators; Australian
and New Zealand Intensive Care Society Clinical
Trials Group. Hydroxyethyl starch or saline for
fluid resuscitation in intensive care. N Engl ] Med.
2012; 367(20):1901-11.

24) Finfer S, Bellomo R, Boyce N, French ), Myburgh J,
Norton R, et al. SAFE Study Investigators. A
comparison of albumin and saline for fluid resusci-
tation in the intensive care unit. N Engl
Med.2004;350(22):2247-56.

25) LeDoux D, Astiz ME, CarpatiCM, Rackow EC.
Effects of perfusion pressure on tissue perfusion in
septic shock. Crit Care Med. 2000;28(8):2729-32.

26) Regnier B, Rapin M, Gory G, Lemaire F, Teisseire
B, Harari A. Haemodynamic effects of dopamine in
septic shock. Intensive Care Med .1977;3(2):47-53.

27) Landry DW, Levin HR, Gallant EM,Ashton RCJr,
Seo S, D'Alessandro D, et al. Vasopressin deficien-
cy contributes to the vasodilation of septic shock.
Circulation. 1997;95(5):1122-25.

28) Russell JA, Walley KR, Singer J,Gordon AC,
Hebert PC, Cooper ), et al. VASST Investigators.
Vasopressin versus norepinephrine infusion in
patients with septic shock. N Engl ] Med.

2008;358(9):877-87.

29) Bellomo R, Chapman M, Finfer S, Hickling K,
Myburgh J. Low-dose dopamine in patients with
early renal dysfunction: A placebo-controlled
randomised trial. Australian and New Zealand
Intensive Care Society (ANZICS) Clinical Trials
Group. Lancet . 2000;356(9248):2139—43.

30) Kellum JA, M Decker J. Use of dopamine in acute
renal failure: A meta-analysis. Crit Care Med.
2001; 29(8):1526-31.

31) Sprung CL, Annane D, Keh D,Moreno R, Singer
M, Freivogel K, et al; CORTICUS Study Group.
Hydrocortisone therapy for patients with septic
shock. N Engl ] Med. 2008;358(2):111—24.

32) Hebert PC, Wells G, Blajchman MA,Marshall J,
Martin C, Pagliarello G, etal. A multicenter,
randomized, controlled clinical trial of transfusion
requirements in critical care. Transfusion Require-
ments in Critical Care Investigators, Canadian
Critical Care Trials Group. N Engl ] Med.

1999;340(6):409-17.

33) Abdel-Wahab OlI, Healy B, Dzik WH. Effect of
fresh-frozen plasma transfusion on prothrombin
time and bleeding in patients with mild coagulation
abnormalities. Transfusion .2006;46(8):1279-85.

34) StanworthS), Walsh TS, Prescott R), Lee R},
Watson DM, Wyncoll D :Intensive Care Study of
Coagulopathy (ISOC) investigators. A national
study of plasma use in critical care: Clinical
indications, dose and effect on prothrombin time.
Crit Care. 2011;15(2):R108.

Volume 6, Number1

35) Putensen C, Theuerkauf N, Zinserling ), Wrigge
H, Pelosi P. Meta-analysis: Ventilation strategies
and outcomes of the acute respiratory distress
syndrome and acute lung injury. Ann Intern Med.
2009; 151(12):566-76.

36) Burns KE, Adhikari NK, Slutsky AS, Guyatt GH,
VillarJ, Zhang H, et al. Pressure and volume
limited ventilation for the ventilatory manage-
ment of patients with acute lung injury: A
systematic review and meta-analysis. PLoS ONE.
2011;6(1):€14623.

37) Brower RG, Lanken PN, Maclntyre N, Matthay
MA, Morris A, Ancukiewicz M, et al. National
Heart, Lung, and Blood Institute ARDS Clinical
Trials Network: Higher versus lower positive
end-expiratory pressures in patients with the
acute respiratory distress syndrome. N Engl )

Med. 2004;351(4):327-36.

38) SudS, Friedrich JO, Taccone P, Polli F, Adhikari
NK, Latini R, et al. Prone ventilation reduces
mortality in patients with acute respiratory failure
and severe hypoxemia: Systematic review and
meta-analysis. Intensive Care Med.

2010;36(4):585-99.

39) Drakulovic MB, Torres A, Bauer TT, Nicolas JM,
Nogue S, Ferrer M: Supine body position as a risk
factor for nosocomial pneumonia in mechanically
ventilated patients: A randomised trial. Lancet

1999 Nov;354(9193):1851-58.

40) Richard C, Warszawski ], Anguel N, Deye N,
Combes A, Barnoud D, et al; French Pulmonary
Artery Catheter Study Group: Early use of the
pulmonary artery catheter and outcomes in
patients with shock and acute respiratory distress
syndrome: A randomized controlled trial. JAMA
2003 Nov;290(20):2713—20.

41) National Heart, Lung, and Blood Institute Acute
Respiratory Distress Syndrome (ARDS) Clinical
Trials Network; Wheeler AP, Bernard GR,
Thompson BT,Schoenfeld D, Wiedemann HP,
deBoisblanc B, et al: Pulmonary-artery versus
central venous catheter to guide treatment of
acute lung injury. N Engl ) Med 2006

May;354(21):2213-24.

42) Matthay MA, Brower RG, Carson S, Douglas IS,
Eisner M, Hite D, et al. Randomized, placebocon-
trolled clinical trial of an aerolosolized -2 agonist
for treatment of acute lung injury. Am J Resp Crit
Care Med .2011;184(5) :561-68.

43) Gao Smith F, Perkins GD, Gates S, Young D,
McAuley DF, Tunnicliffe W, et al. BALTI-2 study
investigators. Effect of intravenous -2 agonist
treatment on clinical outcomes in acute respirato-
ry distress syndrome (BALTI-2): A multicentre-
randomised controlled trial. Lancet. 2012

i379(9812):229-35.



Review Article Management of sepsis and septic shock

44) Marx WH, DeMaintenon NL, Mooney KF,
Mascia ML, Medicis J, Franklin PD, et al. Cost
reduction and outcome improvement in the
intensive care unit. ) Trauma. 1999;46(4):625—9

45) Maclaren R, Plamondon JM, Ramsay KB, Rocker
GM, Patrick WD, Hall RI. A prospective evalua-
tion of empiric versus protocol-based sedation
and analgesia. Pharmacotherapy. 2000
;20(6):662—72.

46) Brook AD, Ahrens TS, Schaiff R, Prentice D,
Sherman G, Shannon W, et al. Effectof a
nursing-implemented sedation protocol on the
duration of mechanical ventilation. Crit Care
Med. 1999;27(12):2609-15.

47) The NICE-SUGAR Study Investigators. Intensive
versus conventional glucose control in critically ill
patients. N Engl ) Med. 2009;360(13):1283-97.

48) PreiserJC, Devos P, Ruiz-Santana S, Melot C,
Annane D, Groeneveld , et al. A prospective
randomised multi-centre controlled trial on tight
glucose control by intensive insulin therapy in
adultintensive care units: The Glucontrol study.
Intensive Care Med. 2009;35(10):1738—48.

49) Nichols JH. Bedside testing, glucose monitoring,
and diabetes management. In: Principles of Point
of Care Testing. Kost GJ (Ed). Philadelphia,
Lippincott Williams & Wilkins, 2002.

50) TonelliM, Manns B, Feller-Kopman D. Acute
renal failure in the intensive care unit: A systemat-
ic review of the impact of dialytic modality on
mortality and renal recovery. Am ] Kidney Dis.

2002 ;40(5):875-8s.

51) 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(7):492—98.

52) Mathieu D, Neviere R, Billard V, Fleyfel M,
Wattel F. Effects of bicarbonate therapy on
hemodynamics and tissue oxygenation in patients
with lactic acidosis: A prospective, controlled
clinical study. Crit Care Med .1991;19(11):1352—56.

53) Cade JF. High risk of the critically ill for venous
thromboembolism. Crit Care Med.

1982;10(7):448-50.

54) Douketis ], Cook D, Meade M, Guyatt G, Geerts
W, Skrobik Y, et al; Canadian Critical Care Trials
Group. Prophylaxis against deep vein thrombosis
in critically ill patients with severe renal insuffi-
ciency with the low-molecular-weight heparin
dalteparin: An assessment of safety and pharma-
codynamics: The DIRECT study. Arch Intern
Med. 2008 ;168(16):1805-12.

Volume 6, Number1

55) Kakkos SK, CapriniJA, Geroulakos G, et al.
Combined intermittent pneumatic leg compres-
sion and pharmacological prophylaxis for preven-
tion of venous thromboembolism in high-risk
patients. Cochrane Database Syst Rev. 2008;(4):
CDoo5258.

56) Vanek VW. Meta-analysis of effectiveness of
intermittent pneumatic compression devices with
a comparison of thigh-high to knee-high sleeves.
Am Surg. 1998;64(11):1050-58.

57) Turpie AG, Hirsh |, Gent M, Julian D, Johnson ).
Prevention of deep vein thrombosis in potential
neurosurgical patients. A randomized trial
comparing graduated compression stockings
alone or graduated compression stockings plus
intermittent pneumatic compression with control.
Arch Intern Med. 1989;149(3):679-81.

58) Agu O, Hamilton G, Baker D. Graduated
compression stockings in the prevention of
venous thromboembolism. Br ) Surg.

1999.86(8):992-1004.

59) Kahn )M, Doctor JN, Rubenfeld GD. Stress ulcer
prophylaxis in mechanically ventilated patients:
Integrating evidence and judgment using a
decision analysis. Intensive Care Med.
2006;32(8):1151-58.

60) Cook DJ, Reeve BK, Guyatt GH, Heyland DK,
Griffith LE, Buckingham L, et al: Stress ulcer
prophylaxis in critically ill patients. Resolving
discordant meta-analyses. JAMA.

1996;275(4):308-14.

61) Marik PE, Vasu T, Hirani A, Pachinburavan M.
Stress ulcer prophylaxis in the new millennium: A
systematic review and meta-analysis. Crit Care
Med .2010;38(11):2222-28.

62) Rice TW, Mogan S, Hays MA, Bernard GR,
Jensen GL, Wheeler AP: Randomized trial of
initial trophic versus full-energy enteral nutrition
in mechanically ventilated patients with acute
respiratory failure. Crit Care Med.

2011;39(5):967-74.

63) National Heart, Lung, and Blood Institute Acute
Respiratory Distress Syndrome (ARDS) Clinical
Trials Network, Rice TW, Wheeler AP, Thomp-
son BT, Steingrub J, Hite RD, Moss M, et al.
Trophicvs full enteral feeding in patients with
acute lung injury: The EDEN randomized trial.
JAMA. 2012;137(8): 795-803.

64) Heyland D, Muscedere ], Wischmeyer PE, Cook
D, Jones G, Albert M, et al: A Randomized Trial of
Glutamine and Antioxidants in Critically Il
Patients; N Engl) Med. 2013;368(16):1489-97.



