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A number of large, randomized, 

prospective trials have demonstrated 

that protocol-based strategies can 

reduce variation and cost of intensive 

care medicine and improve morbidity 

and mortality of critically ill patients. 







“Because of the complexity of 

hemodynamics in sepsis, the goals of 

therapy are much more difficult to 

define with certainty than in other forms 

of shock.”  

Practice parameters for hemodynamic support of sepsis 

in adult patients. 2004 update. 

Hollenberg S et al. Crit Care Med 2004; 32:1928-48 



Sevransky JE et al. Critical Care 2007, 11:R67 

This wide range of treatment 

targets suggest lack of 

agreement on cardiac output 

(CO), blood pressure and filling 

pressures goals for management 

of patients with sepsis.  



Practice parameters for hemodynamic support of 

sepsis in adults patients. 2004 update. 

Hollenberg et al. Crit Care Med 2004; 32:1928 –48 



Practice parameters for hemodynamic support of 

sepsis in adults patients. 2004 update. 

Hollenberg et al. Crit Care Med 2004; 32:1928 –48 



Practice parameters for hemodynamic support of 

sepsis in adults patients. 2004 update. 

Hollenberg et al. Crit Care Med 2004; 32:1928 –48 



Early goal-directed therapy 

improves outcome in patients with 

severe sepsis and septic shock. 



Practice parameters for hemodynamic support of 

sepsis in adults patients. 2004 update. 

Hollenberg et al. Crit Care Med 2004; 32:1928 –48 

Crit Care Med 2005; 33:1119-22 



Adequate filling 

pressures? 

Practice parameters for hemodynamic support of 

sepsis in adults patients. 2004 update. 

Hollenberg et al. Crit Care Med 2004; 32:1928 –48 



If the hypotension does not respond to fluid challenges 

or the lactate remains > 4 mmol/L then the goals of initial 

resuscitation should include all of the following as one 

part of a treatment protocol: (= the “bundle”) 

Surviving Sepsis Campaign Guidelines             

Dellinger RP, et al. Crit Care Med 2004;32:858-73               
(based on Rivers et al, NEJM 2001) 

12-15 under MV 





Crit Care Med 2005; 33:1119-22 



Practice parameters for hemodynamic support of 

sepsis in adults patients. 2004 update. 

Hollenberg et al. Crit Care Med 2004; 32:1928 –48 

Crit Care Med 2005; 33:1119-22 



     “In most patients with septic shock, CO will 

be optimized at filling pressures between 

12-15 mmHg [26]. 

     Increases above this range…increase the 

risk for developing pulmonary edema.” 

26. (III) Packman MJ, Rackow EC: Optimum left heart filling 

pressure during fluid resuscitation of patients with 

hypovolemic and septic shock. Crit Care Med 1983; 11:165-9 

Level D recommendation 

Practice parameters for hemodynamic support of sepsis 

in adult patients. 2004 update. 

Hollenberg S et al. Crit Care Med 2004; 32:1928-48 







“Although there are limitations to CVP as a 

marker of intravascular volume status and 

response to fluids, a low CVP generally can 

be relied upon as supporting positive 

response to fluid loading.” 





CCM 2007 35:64-8 

Fluid overload! Fluid overload! 

Possible 

hypoperfusion! 



  CO       =   12-15 L/min 

  SVR     =   400-500 

  ITBVI   =   1200 ml/m2 (800-1000) 

  EVLW  =   19-23 ml/kg (~7) 

 

BP 70/40 mmHg 

HR 155 bpm 

CVP 5 cmH2O 

PaO2/FiO2 80 (PEEP 16) 

Low !!! 

High !!! 

High !!! 

High !!! 

Would you give fluids to this patient? 

A patient with head injury, severe ARDS and septic shock 

Noradrenaline + aggressive diuresis! 

X 

Can this patient “afford” the price of a possible mistake? 



 “Filling pressure do not reliably predict a patient’s 

response to fluid administration.” 

“We recommend 

that preload 

measurement alone 

not be used to 

predict fluid 

responsiveness.” 

“CVP should not be 

used to make clinical 

decisions regarding 

fluid management.” 



Rivers, NEJM 2001 



If the hypotension does not respond to fluid challenges 

or the lactate remains > 4 mmol/L then the goals of initial 

resuscitation should include all of the following as one 

part of a treatment protocol: (= the “bundle”) 

Surviving Sepsis Campaign Guidelines             

Dellinger RP, et al. Crit Care Med 2004;32:858-73               
(based on Rivers et al, NEJM 2001) 



Crit Care Med 2005; 33:1119-22 

“Clearly, SvO2 is 

the gold standard 

for defining 

global adequacy 

of cardiovascular 

performance.” 



Crit Care Med 2005; 33:1119-22 

“Clearly, SvO2 is 

the gold standard 

for defining 

global adequacy 

of cardiovascular 

performance.” 

! 



Rivers et al NEJM 2001 

The normal 

ScvO2 is 

~70% 



Chest 1993; 103:900-6 

Krafft P et al, Chest 1993; 103:900-6 

 A high incidence of short-term SvO2 

changes in a septic shock patient may be of 

diagnostic and prognostic significance.  

 The SvO2 of septic shock patients is mainly 

normal or even supra-normal.  



SvO2 ~ 1-O2ER 

SvO2 ~ 92% 



Crit Care Med 2006, 34:1025-1032 

 Initial ScvO2  72 ± 11% 

 Initial ScvO2  73 ± 13% 

 Initial ScvO2  74 ± 10% 

 Initial ScvO2  73 ± 11% 

The mean initial ScvO2 of Rivers’ patients was 50% 



CCM 2007 
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The PiCClin Study 

Optimal hemodynamic management according to the 

surviving sepsis guidelines is not applicable                      

to all ICU patients.                                                                               
Perel A, et al. Crit Care 2008;12 (Suppl 2):S156. 

Severe Global Tissue Hypoxia and 

Low O2 Extraction                                  
Lactate > 4 mmol per liter and ScvO2 >70% 





“The reported improved survival following the 

adoption of these (SSC) Guidelines….cannot 

be viewed as justification of the initial 

hemodynamic resuscitation protocol.  
 

Physiologically and clinically this protocol 

may be wrong for many septic patients.”  





Skepticism arises from the single-center nature 

of the only positive, prospective trial; 

uncertainty regarding the individual 

components of a complex, bundled protocol; 

and concern about the appropriateness of 

drawing general inferences from an unusual 

subject pool. 



 Most of the Surviving Sepsis Campaign 

recommendations are not evidence-based and the 

major components of the 6-hour bundle are based on 

a single-center study whose validity has been recently 

under increasing scrutiny.  
 

 The end-points of resuscitation of patients with 

severe sepsis should be based on validated 

physiologic variables that are individualized based on 

each patients’ co-morbidities and unique clinical 

circumstances. 
 

 It is unlikely that a “one-size fits all” approach will be 

appropriate for all patients. 



Increased awareness as a result of the campaign 

may be partly or even predominantly responsible 

for reduced mortality observed around the world.  
 

 

A beneficial effect of the guidelines on patient 

outcomes is currently unproven, and the primary 

evidence is not yet of sufficient quality to 

promote the guidelines as a global standard of 

care. 



The adjusted odds ratio for mortality improved 

by 5.4% over 2 yrs.  

Levy M, et al. Crit Care Med. 2010 Feb;38(2):367-74 

Mortality fell from 37% to 30.8% during this 2-year 

performance improvement programme.  

If the goals of the Rivers protocol 

have questionable pathophysiological 

rationale, how does the                           

SSC save lives? 



 Very recent literature from the US emphasizes the 

effects of race and socio-economic conditions on 

sepsis outcome.  

 The Rivers study was done in the Department of 

Emergency Medicine which serves “metro Detroit’s 

largely poor, largely minority population, having poor 

health status and high chronic disease incidence”           

Ann Emerg Med Dec. 2008 

 “Outcome of Americans without insurance who are 

admitted to the ICU is worse, possibly because they 

are sicker when they seek care.”                                    

Danis M, et al. Crit Care Med 2006; 34:2043  

Do the Rivers’ patients represent all septic patients? 





 The reported death rates in the standard treatment 

group in the Rivers study was 46.5%, compared to 

death rates of 30% or lower in Australia and the 

Netherlands. 
 

 Dr. Rivers's explanation is that his patients were 

sicker, hence a higher death rate for those on 

conventional care. 





 The hospital held patents on a medical device critical 

to the therapy, and one of the groups that later 

endorsed the treatment had financial backing from the 

maker of the device. 
 

 Rivers et al report that a total of 288 patients were 

"evaluated" of whom 25 "were excluded”. A relatively 

high proportion of the 25 patients not included in the 

final analysis were either conventional-therapy 

patients who survived or patients on EGDT who died. 



 The extremely low ScvO2 values seen in Rivers’ 

patients on admission to the ED indicate that these 

patients had very low cardiac outputs. 

 The most probable cause for their low CO was a 

combination of pre-existing co-morbidities and 

hypovolemia, which may have developed due to a late 

arrival to the hospital (black, low socioeconomic status, 

no insurance).  

 The very significant hypovolemic element of their 

septic shock was successfully corrected by aggressive 

fluid loading which was guided by a very simple 

protocol that is unsuitable to most ICU septic patients.  



A large number of other observational studies using 

similar forms of early quantitative resuscitation in 

comparable patient populations have shown 

significant mortality reduction compared to the 

institutions’ historical controls (Supplemental 

Digital Content and references 19–24). 



The revised SSC guidelines include     

85 recommendations (instead of the 

original 52 that appeared in 2004) 



A. Initial Resuscitation K. Mechanical Ventilation 

B. Diagnosis L. Sedation, Analgesia, and 

    Neuromuscular Blockade 

C. Antibiotic Therapy M. Glucose Control 

D. Source Control N. Renal Replacement 

E. Fluid Therapy O. Bicarbonate Therapy 

F. Vasopressors P. DVT Prophylaxis  

G. Inotropic Therapy Q. Stress Ulcer Prophylaxis 

H. Steroids R. Limitation of Support 

I.  Recombinant Human 

    Activated Protein C (rhAPC) 

S. Pediatric Considerations 

J. Blood Product Administration 



Crit Care Med 2006; 34:1589–1596 



Crit Care Med 2010; 38:668–678 

 As administered and studied to date, only 

antibiotics meet the stated criteria of proof for 

bundle inclusion. 

 

 Current sepsis bundles may force 

physicians to provide unproven or even 

harmful care.  

 



Crit Care Med 2006; 34:1025-32 

• Lower mortality in the control groups (29% vs. 57%) 

• Lower initial serum lactate level (4.4 vs. 7.7 mmol/L) 

• Higher initial ScvO2 (72% vs. 49%) 

Our septic patients were seemingly less 

critically ill compared with Rivers et al:  



Rivers, NEJM, 2001 

CCM, 2006;34:2707 

Shapiro N, et al. 



 Early interventions found to be independently 

associated with survival benefit were timely 

antibiotics and blood cultures prior to administration 

(p<0.0001).  

 

 Attainment of a CVP of >8 mmHg and ScvO2 of 

>70% did not influence survival in patients with 

septic shock.  

 



Patients with severe sepsis and septic shock receiving 

the Resuscitation Bundle in community and tertiary 

hospitals experience similar and significant reductions in 

mortality and hospital length of stay. 



Rivers EP et al, 

 



“Medicine has become complex. Details 

have become overwhelming for clinicians 

to process at the bedside… 
 

Surely, we recognize the need to give up 

some measure of autonomy…yield some 

decision-making power… 
 

The data certainly suggest that when we 

surrender this autonomy and standardize 

care, patients do better.” 
 

M. Levy, SCCM 2009 

38th SCCM Conference Perspectives 



The 3 phases of the Surviving Sepsis Campaign 

 

1. Introduction at several major international critical 

care medicine conferences. 
 

2. Creating evidence-based guidelines for the 

management of severe sepsis and septic shock. 
 

3. To operationalize the SSC guidelines into a set of 

practical yet valid performance measure.  



The bundle is well-established, proven in scientific 

tests and based on randomized controlled trials, 

what we call Level 1 evidence.  

The bundle must be followed for every patient, 

every single time. There should be no controversy 

involved, no debate or discussion of bundle 

elements.  

 

Q. What makes the bundle so special? 

C.H. PhD, IHI Vice President  

and patient safety expert 



“For every patient, every single time” 

“No controversy involved, no debate or discussion” 



While only 47% of surveyed 

intensivists believed that CVP 

should guide resuscitation, 86% 

used it because of the Surviving 

Sepsis Campaign Guidelines.  



 Some consensus statements are being turned into 

performance measures and other tools to critique the 

quality of physician care.  

 Bundled performance measures are ready made for use 

in pay-for-performance initiatives, which can base 

reimbursement on compliance with all the components. 



  Are you compliant? 



Rawlins MR: De Testimonio.                                          

Harveian oration 2008, Royal College of Physicians 





Tao T, et al 





 Press Release - 25 October 2011 





The outcomes of the trial were also clouded by….. 

ethical questions surrounding the sponsor’s hiring 

of a public relations firm to assemble a task force 

(consisting of many members with conflicts of 

interest) to promote sepsis-treatment bundles that 

would include the drug — despite a single positive 

study and lingering controversies. 





Perhaps the most important question 

from a decade of studying glucose 

control in the ICU is how influential 

practice guidelines were developed yet 

turned out to be harmful. 



 Tremendous time and resources have been expended 

in implementing new protocols that incorporate 

emerging evidence from the medical literature, only to 

remove them a few years later when validation trials 

fail to confirm the initial results.  
 

 The net effects of these “positive-negative” cycles 

are frustration and, more importantly, exposure of 

patients to costly treatments that may not be of benefit 

but, rather, could cause harm. 







 The developers of EBM wrote that “EBM 

deemphasizes reasoning based on 

pathophysiologic rationale”.  

 As such, we are talking about a practice of 

medicine divorced from the scientific 

principles that are its foundation. 





Requirements for fluid infusion are not easily 

determined so that repeated fluid challenges should be 

performed. 

Rivers et al NEJM 2001 



Requirements for fluid infusion are not easily 

determined so that repeated fluid challenges should be 

performed. 

Rivers et al NEJM 2001 



Rivers et al NEJM 2001 



More than 50% of 

septic patients in 

which fluid 

administration was 

“clinically 

indicated” are 

being loaded with 

fluids 

unnecessarily! 



 A positive fluid balance is associated 

with a worse outcome. 
 

 A threshold may exist beyond which, 

after acute resuscitation, additional fluid 

therapy may cause harm. 

Sepsis in European intensive care units:                           

results of the SOAP study. 
Vincent JL, et al; Sepsis Occurrence in Acutely Ill Patients Investigators. 

Crit Care Med. 2006 Feb;34(2):344-53 

High tidal volume and positive fluid balance are 

associated with worse outcome in ALI 
Sakr Y and the SOAP Investigators. Chest 2005; 128: 3098-108 



Crit Care Med 2011; 39:259-65 

778 septic shock pts from the VASST study 



Survivors  Survivors  

Non-survivors 

Survivors  

Both early and late 

fluid management of 

septic shock 

complicated by ALI 

can influence patient 

outcomes. 





Pulmonary edema may occur as a 

complication of fluid resuscitation 

and necessitates monitoring of 

arterial oxygenation. 

Practice parameters for hemodynamic support of sepsis 

in adult patients. 2004 update. 

Hollenberg S et al. Crit Care Med 2004; 32:1928-48 



Singer M, Critical Care and Resuscitation 2006, 8:244-5 

Would it be more sensible to give 

guidelines as to when to use more 

sophisticated hemodynamic monitoring 

to better titrate fluid input, rather than 

react post-drowning? 



 Targeting dynamic measures of fluid 

responsiveness during resuscitation, including flow 

(CO) and possibly volumetric indices and 

microcirculatory changes, may have advantages.  
 

 



Because of the complexity of 

assessment of clinical variables in 

septic patients, direct measurement 

of cardiac output is advisable. 



 Targeting dynamic measures of fluid 

responsiveness during resuscitation, including flow 

(CO) and possibly volumetric indices and 

microcirculatory changes, may have advantages.  
 

 However, the efficacy of these monitoring 

techniques to influence clinical outcomes from early 

sepsis resuscitation remains incomplete and 

requires further study before endorsement. 



 Recent studies have suggested that both 

early goal-directed resuscitation of patients 

with septic shock (based on aggressive fluid 

resuscitation) and conservative fluid 

management of patients with acute lung injury 

(ALI) can improve outcomes.  
 

 These may be seen as potentially conflicting 

practices.  



 Fluid resuscitation in severe sepsis should 

always be perceived as a therapeutic conflict. 

 A therapeutic conflict is a situation where each of 

the possible therapeutic decisions carries some 

potential harm.  

 Therapeutic conflicts (e.g., heart vs. lung) are the 

biggest challenge for protocolized care in critically 

ill patients. 



The conflict in administering fluids 

to a patient with sepsis and ARDS 

YES                     

We need to 

stabilize the 

hemodynamic 

status 

NO                     

We need to 

prevent 

respiratory 

deterioration 





Preload & 
Fluid responsiveness 

EVLW 
ScvO2 ScvO2 

Cardiac Output 

ScvO2 

Clinical examination, vital signs, urine output, Hb, lactate... 



An old patient with chronic heart failure, 

sepsis, severe respiratory failure and 

hemodynamic instability.  

CO 1.8  l/min  Low 

ITBVi 600 ml/m2 Low 

EVLWi 15 ml/kg High 

SVV 25-30% High 



Question: What would you do now? 

A.  Fluids 

B.  Inotropes 

C.  Vasopressors 

D.  Diuretics 

E.  I need more information 





A B 

RIGHT          WRONG          WRONG         RIGHT 



Inotropes Fluids 

Persistent 

tissue 

hypoperfusion 

Worsening of 

pulmonary 

edema 
≥ 

X Fluids 

W W 



17.5 

30 

EVLW 

Cumulative fluid balance and EVLW during the resuscitation       

of a septic patient with chronic heart failure 



Thank you for your attention!  perelao@shani.net 

Conclusions: 

  Rivers et al have started a most important process 

in modern intensive care medicine, and the SSC is 

saving lives as we speak.  
 

  And yet, the physiological variables used in the 

SSC Guidelines to direct the initial hemodynamic 

resuscitation are not suitable for all septic patients 

and may be misleading in many instances.  
 

 Attempts to protocolize care in critically ill patients 

have to leave room for clinical judgment especially 

during therapeutic conflicts. 
 

 More comprehensive hemodynamic monitoring 

approaches may improve care in severe sepsis and 

septic shock. 


