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Sepsis
Sepsis: Greek word meaning decay or putrefaction.
Sepsis is defined as the presence of several clinical,

hematologic, biochemical, and immunologic variables
associated with an infection.

Severe sepsis: Sepsis complicated by organ dysfunction.

Septic shock - State of acute circulatory failure
characterized by arterial hypotension despite adequate fluid
resuscitation, so that vasopressor therapy is necessary to
restore a minimally acceptable arterial pressure
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Severe sepsis and septic shock are major healthcare
problems, affecting millions of individuals around the world
each year, killing one in four (and often more), and
Increasing in incidence.

One of the greatest endeavors to date - Surviving Sepsis
Campaign (SSC) - Originally launched in 2002 with the
stated goal to reduce mortality by 25%.

2004 — SSC- First internationally accepted evidence based
guidelines published. — SSC 2008.

Intended to provide guidance for the clinician caring for a
patient with severe sepsis or septic shock.

Crit Care Med 2008 :36 :1



Sepsis Trials — “ Graveyard of pharmaceutical
companies” ??

Advances in management in the last decade
Anticoagulants in Sepsis.

Vasopressors

Role of Corticosteroids

Initial resuscitation of patients with sepsis

Fluid therapy — Colloids/Crystalloids
Novel therapies



Link between coagulation & inflammation - YES

Thrombin+ Thrombomodulin — Pro. C

/
/

N Engl J Med 2001;344:699-709.



Hartman DL, Bernard GR, Helterbrand JD, Yan SB, Fisher CJ.
Recombinant human activated protein C (rhAPC) improves coagulation
abnormalities associated with severe sepsis. Intensive Care Med
1998;24: Suppl.

Placebo-controlled phase 2 trial in patients with severe sepsis

rhAPC resulted in dose-dependent reductions in the plasma levels of D -
dimer and serum levels of interleukin-6, markers of coagulopathy and
inflammation, respectively.

Recombinant Human Protein C Worldwide Evaluation in Severe Sepsis
(PROWESS) study.

Administration of Drotrecogin Alfa (Activated) in Early Stage Severe
Sepsis (ADDRESS) study.

Researching Severe Sepsis and Organ Dysfunction in Children: A
Global Perspective (RESOLVE) trial.

Xigris and Prophylactic Heparin Evaluation in Severe Sepsis (X-PRESS)



Randomized, double blind, placebo controlled trial
N=1690, 164 centres, 11 countries

1:1 Drot-AA/placebo

Primary end point — 28 day all cause mortality



Study was stopped prematurely after the second interim analysis for treatment
efficacy.(n=1520) , NNT-16.

Sig. decrease in plasma d-dimer & IL-6 levels.
Increased risk of serious bleeding during infusion (3.5% versus 2%, P=0.06)

Regulatory agencies in the US and in Europe approved the marketing of Drot-
AA in Prowess subgroups (At high risk of death)..



Post hoc analyses of the Prowess study showed a trend toward higher
mortality rates in Drot-AA—treated patients whose APACHE Il score was
below 20.

No evidence for patients whose APACHE Il score was between 20 and 24, or
for those who had a single organ dysfunction.

Limitations —

Amendment of the protocol after enrolment of 720 patients to modify
exclusion criteria and to change the placebo.

5 months later, a modification in the manufacturing of the study drug. (BDS2

Regulatory agencies requested additional RCT'S to evaluate the benefit/ risk
profile of Drot-AA in

(1) patients with mild to moderate sepsis (ie, APACHE Il score of less than
25 or one organ dysfunction)

(2) children with sepsis
(3) patients with concomitant heparin treatment.



Single arm, open label trial. N=2375. 25 countries.

28-day all-cause mortality approximated that observed in PROWESS (25.3%
VS. 24.7%).

ENHANCE patients treated within 0—24 hrs from their first sepsis-induced

organ dysfunction had lower observed mortality rate than those treated after
24 hrs (22.9% vs. 27.4%, p = .01).

Provided supportive evidence for the favorable benefit/risk ratio observed in
PROWESS and suggested that more effective use of drotrecogin alfa
(activated) might be obtained by initiating therapy earlier.

Crit Care Med 2005; 33:2266—-2277



Why open label trial??

The very success of PROWESS raised difficult issues concerning
follow-up studies.

Conducting a randomized, placebo controlled trial, in the light of
evidence from a successful trial, presents serious ethical issues
for investigators.

Regulatory approval of DrotAA introduced a potential bias in
conducting a placebo-controlled trial in severe sepsis.

Option of unblinding study patients who decline rapidly.

Patients randomized to placebo must always be included in the
placebo “intent-to-treat” group — Confound interpretation.

FDA required the sponsor to conduct a study to evaluate the
efficacy of DrotAA for adults who had severe sepsis and a low risk
of death.



TOorotrecos=itTas Alfa (AActivated) faor Adulcecs
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N=2640. 516 centres, 34 countries.
Individuals with sepsis and low risk of death (APACHE II<25, Single organ dysfunction)

N Engl J Med 2005;353:1332-41.



Significant increase in the rate of serious bleeding with Drot-AA (3.9%
versus 2.2%, P=0.02)
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In the two populations with severe sepsis among the Address population,
the basal risk of death was much lower than in the corresponding
subgroups from the Prowess trial.

In both the Prowess and Address trials, exploratory analysis suggested an
Increased 28-day mortality in patients who had one organ dysfunction and
a recent surgery before Drot-AA treatment.

The risk—benefit ratio for the administration of DrotAA in patients with
severe sepsis who are at low risk for death is not favorable.

DrotAA should not be used in patients with severe sepsis who are at low
risk for death, such as those with single-organ failure or an APACHE I
score of less than 25.



Drotrecogin alfa (activated) in children with severe sepsis:
a multicentre phase Ill randomised controlled trial

Simon Nadel, Brahm Goldstein, Mark D Williams, Heidi Dalton, Mark Peters, William L Macias, Shamel A Abd-Allah, Howard Levy,
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N=477.
Novel primary endpoint CTCOFR - 3 organ systems: cardiovascular, respiratory, and renal.

No difference in overall serious bleeding events during the 28-day study period (placebo 6-8%;

DrotAA 6-7%; p=0-97)
Numerically more instances of CNS bleeding in the DrotAA group (11 [4:6%], vs 5[2:1%] in

placebo, p=0-13), particularly in children younger than 60 days

Lancet 2007; 369: 836—43



Why X-Press??

DrotAA might provide adequate VTE prophylaxis itself.

Secondary analyses from the PROWESS suggested higher 28-day
mortality in DrotAA patients receiving baseline heparin than if they were
not.

In vitro studies - High doses of heparin may increase the rate of inhibition
of APC by protein C inhibitor.

Equivalence design trial — Heparin equal to placebo.
N=1994. International, double blind, placebo controlled trial

Drot AA indicated - LMWH/UFH 12 hrly or placebo.

Am J Respir Crit Care Med Vol 176. pp 483-490, 2007



No evidence for an increased proportion of serious bleeding events with
the use of prophylactic heparin (3.8% versus 5.2%, P = .06).

Patients who were receiving heparin before randomization and were
allocated to heparin had a lower 28-day mortality rate than the placebo
treated patients (26.9% versus 35.6%, P =.03).

Patients receiving placebo exposed to heparin at baseline had higher
mortality than patients receiving heparin- ? Rebound thrombin gen.



Concomltant prophylactlc heparin does not cause an

Acceptable safety profile in patients with severe sepsis
receiving DrotAA treatment.

Small increased risk of nonserious bleeding.

Coadministration of prophylactic heparin and DrotAA
was associated with a reduction in ischemic stroke

Incidence in patients with severe sepsis.

Prophylactic heparin should not be abruptly discontinued
unless the potential risks of heparin outweigh the
potential benefits.
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Total of 4329 patients - Effect on 28-day mortality relative to control
treatment - 0.92 (0.83-1.02).

Suggests that recombinant human activated protein C is not
beneficial in severe sepsis.

In low-risk stratum, no effect of recombinant human activated
protein C administration on 28-day mortality was observed.

Consistent and homogenous.

Heterogeneity between the two studies- APACHE Il score = 25 -
Effective in PROWESS whereas a tendency toward harm was
present in ADDRESS.

Even though the overall treatment effect in this high-risk population
was still in favour of treatment, the observed heterogeneity
suggests that the efficacy of recombinant human activated protein
C is not robust.



Marti-Carvajal A, Salanti G, Cardona A. Human recombinant activated
protein C for severe sepsis. Cochrane Database Syst Rev
2008;(1).CD004388.

Use of Drot-AA be suspended pending the results of additional trials.

4 studies accounting for 4911 patients.

No \,\v.d\,..c\, suggesting that APC should be used in treating patients with
sepsis or septic shock.

Associated with higher risk of bleeding.

Clinicians should not promote the use of Drot-AA until further RCT’s
available.



What Surviving sepsis campaign says
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dysfunction with clinical assessment of high risk of death

(typically APACHE Il 25 or multiple organ failure) if there are

no contraindications (2B, 2C for postoperative patients).

Adult patients with severe sepsis and low risk of death
(typically, APACHE Il 20 or one organ failure) should not
receive rhAPC (1A).

Likely maximal benefit if administered within the first 24
hours.

In addition, its benefit/risk profile may be greater in the
medical population than among surgical patients.

Prophylactic heparin should not be stopped when initiating
Drot-AA.



Multicentre double blind placebo controlled trial, N=2314

1:1 Iv Antithrombin Il (30000 IU in total over 4 days) or a placebo (1% human
albumin).

High-dose antithrombin Ill was associated with a significantly increased risk of
hemorrhage when administered with heparin.

Some evidence to suggest a treatment benefit of antithrombin Ill in the subgroup of
patients not receiving concomitant heparin.

KyberSept Trial
JAMA. 2001,286:1869-1878



Heparin interactions with AT-III
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subgroup not exposed to
heparin. (p=0.08).

Antithrombin [ll resulted in a
15% absolute improvement in
90-day mortality in this
subgroup of patients. (n=680;
44.9% for AT-Il vs 52.5% for
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Heparin decreases AT-III
binding to glycosaminoglycans.



Patients with severe sepsis and a high INR (1.2) Primary efficacy pop.

Randomly assigned to iv tifacogin (0.025 mg/kg per hour for 96 hours) or placebo
(arginine citrate buffer).

N= 1754

Optimized phase 3 tifacogin in multicenter international sepsis trial (OPTIMIST) study
JAMA. 2003;290:238-247



No effect on all-cause mortality in patients with severe sepsis and high
INR.

e Associated with an increase in risk of bleeding, irrespective of baseline
INR.

 Heparin use in all the trials ----- Implications ??7??






Study Heparin Placebo OR (fixed) Weight OR (fixed)

ruN ruN 95% ClI % 95% Cl
PROWESS study 193/637 80/203 —i— 25.20 0.60 E0‘43, 0‘84}
KYBERSEPT study 296/810 150/345 - 38.57 075 (0.58, 0.97
OPTIMIST study 195/681 128/311 R 36.23 057 (0.43, 0.76)
Total (95% CL) 2128 859 100.00 0.65 (0.55, 0.76)
Total events: 670(Heparin), 358(Placebo) ’
Test for heterogenety: Chi‘= 2.14,df=2(P=0.34),P=6,7%
Test for overall effect; Z=5.18(P<0.00001)

02 05 1 2 5
Favours heparin Favours placebe

* Most patients received heparin at the same time as the study drug.

* In each trial, heparin use was associated with improved survival among
placebo recipients only.

NNT to prevent one death with heparin - 10 (95% CI: 7-16).

Limitations of post hoc analysis , Sicker patients might not have received
heparin, Died early.

Conclusions - A large randomized, prospective trial is warranted to compare
low-dose heparin with placebo with or without aPC, in order to assess the
relative contributions of these agents to the survival of patients with sepsis.



Retrospective multicenter cohort study

Benefits especially in patients with higher severity of iliness, No sig. increase in bleeding complications

Need for prospective RCT’s. Crit Care Med 2008; 36: 2973-2979



Randomized, placebo-controlled, single-center
= clinical trial, testing low dose UFH as complementary
treatment for sepsis. (Columbia).

N=319, 550 U/hr infusion *7 days.

Primary aims — LOS (Length of stay) & MOD
» %0 @  (Multiple organ dysfunction) score.

Length of stay (days)

————— Placebo = Hepann

fare 3, Dischwrged alive with coropeting visk of deatt Secondary aims — 28 day all cause mortality.

Study was not able to demonstrate a beneficial
effect on the chosen primary outcomes or in the 28-
day mortality rate.

Percentage with MOD "0"
)
o

Heparin may be a feasible and safe intervention in
0 1 2 3 5 7 9 25 SEPSiS.

(160,159)(148,154) (154, 147){151, 143)(144, 113) (126, 118) (103,99) (78,75) (63,58)

Days and sample size per group (Placebo, Heparin)

=4 Placcbo —=Hepari Crit Care Med 2009; 37: 1185-1196



Anticoagulation in Sepsis — Where do we stand
?7?

rhAPC — To use or not to use??

Need for more multicentre large RCT’s to
elucidate the role of rhAPC and Heparin in
Sepsis.

Heparin — An exceedingly feasible option in the
mayjor population in the developing world.

Pharmaceutical driven expensive treatment may
not be a feasible option till role of rhAPC Is
conclusively proven.



Ongoing trials

Phase Il trial of Recombinant Human Activated Protein C

and Low Dose of Hydrocortisone and Fludrocortisone in Adult
Septic Shock

Activated Protein C and Corticosteroids for Human Septic
Shock (APROCCHS)

NCT00625209

A Randomized, Double-blind, Placebo-controlled, Multicenter,
Phase 3 Study of Drotrecogin Alfa (Activated) Administered

as a Continuous 96-hr Infusion to Adult Patients With Septic
Shock.

NCT00604214



Corticosteroids in Sepsis

Effects of corticosteroids in
patients with sepsis have been
investigated for half a century.

Recent introduction of the term
Critical illness—related
corticosteroid

insufficiency (CIRCI).

Several small studies have
reported a decrease in the
duration of vasopressor therapy
withdrawal with low doses of
corticosteroids.

Clin Chest Med 29 (2008) 705-712



Primary end point — 28 day mortality in corticotrophin nonresonders

=

Hazard Ratio, 0.67
O5%, Confidence Interval, 0.47-0.95
P=.02

—————= Placebo

o
|

o
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Steroids



300 vasopressor- and ventilator-dependent septic shock patients.

Randomized within the first 8 hours to receive 50 mg hydrocortisone
every 6 hours and 50 mg of fludrocortisone for 7 days.

Corticosteroid effects were seen in all the patients but mainly in the group
of patients who did not respond to a short corticotrophin test.

In nonresponders, 73 deaths (63%) in the placebo group and 60 deaths
(53%) in the corticosteroid group (hazard ratio, 0.67; 95% confidence
interval, 0.47-0.95; P=.02).

Vasopressor therapy was withdrawn within 28 days in 46 patients (40%)
in the placebo group and in 65 patients (57%) in the corticosteroid group
(hazard ratio, 1.91; 95% confidence interval, 1.29-2.84; P=.001).

There was no significant difference between groups in responders.

No evidence was found for an increased risk of gastroduodenal bleeding,
superinfection, or neuromuscular weakness.



* Five hundred patients randomized to receive 50 mg of intravenous
hydrocortisone every 6 hours for 5 days, then every 12 hours for 3

days and once daily for 3 days.

« At 28 days, the primary outcome was death among patients who did
not have a response to a corticotropin test.



European Corticosteroid Therapy of Septic Shock
(Corticus) trial

At 28 days, there was no significant difference in mortality
between patients in the two study groups who did not have a
response to corticotropin (39.2%/36.1%, p = 0.69) or between
those who had a response to corticotropin (28.8% /28.7%, p =
1.00).

Faster resolution of shock but at 28 days the proportion of patients with
shock reversed was not significantly greater in the treated patients.

Use of ACTH test did not predict resolution of shock.

Some patients in the hydrocortisone group experienced new episodes of
shock and superinfection.

Finally, the corticosteroid therapy increased the risk of hyperglycemia
and hypernatremia



Differences between two studies

FRENCH STUDY CORTICUS
(Annane et al)

Time window for inclusion 8 hours 72 hours
Early septic shock Early+Late septic shock
Fludrocortisone Yes No
Treatment duration 7 days 11 days
Weaning None Tapering of steroids
Severity of shock > 1 hour <1 hour
SAPS I 59 49
% of non responders 77 % 47 %
Prop. Of medical patients 66 % 36 %

Primary source of infection Lung Abdomen



JAMA. 2009;301(22):2362-2375



Yildiz et al,'® 2002
Oppert et al,™ 2005
Confalonieri et al,* 2005
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8 20 12

10 23 11
0 23 &
11 14 13
B 26 T

20

25
23

R e T ey

0.67 (0.35-1.27)
0.99 (0.52-1.88)
0.08 (0.00-1.29)
0.85 (0.62-1.15)
0.86 (0.33-2.21)

JAMA. 2009;301(22):2362-2375

4.1

41
03
8.1
2.3



Oppert et al,"" 2005
Rinaldi et al >* 2006
Meduri et al,* 2007
Clcarell et al,* 2007
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Test for heterogenelty; t=0.11; ¥*=18.63, df=6 (P=.005); I =68%
Test for overall effect: z=0.35 (P=.73)
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Conclusion from meta-analysis

Overall, corticosteroids did not affect 28-day all-cause mortality in severe
sepsis and septic shock.

Meta-analysis of a subgroup of 12 trials investigating prolonged low-dose
corticosteroid treatment suggests a favourable effect on all cause
mortality.

Uniformly does not support the use of a short course of high dose
corticosteroids in severe sepsis or septic shock.

Corticosteroids should be considered at a daily dose of 200 to 300 mg of
hydrocortisone (or equivalent) as intravenous bolus or continuous
infusion.

Surviving sepsis - We suggest intravenous hydrocortisone should be
given only to adult septic shock patients after blood pressure is identified
to be poorly responsive to fluid resuscitation and vasopressor therapy
(2C).



Hydrocortisone dose should be 300 mg/day (1A)

Do not use corticosteroids to treat sepsis in the absence of shock unless
the patient’s endocrine or corticosteroid history warrants it (1D)

NEED FOR FURTHER TRIALS

Combination of Corticotherapy and Intensive Insulin Therapy for
Septic Shock (COIITSS)

Phase 3 Study of Corticotherapy (Hydrocortisone Alone Versus
Hydrocortisone Plus Fludrocortisone) Versus Corticotherapy Plus
Intensive Insulin Therapy for Septic Shock (Completed).

APROCCHS

Hydrocortisone Versus Hydrocortisone Plus Fludrocortisone for the
Treatment of Adrenal Insufficiency in Severe Sepsis.

(Terminated)



