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Surviving Sepsis 2012 - Pro Con



Surviving Sepsis 2012 - Pro



Myth:  
Critical care unique(ly bad) - ACC/AHA guidelines strength identical

JAMA 2009:301 (8):831-841

Cardiology guidelines  
only 11% of the evidence is 

strong

Levels of evidence (%)

38

35

11

A B C

Surviving Sepsis guidelines  
only 13% of the evidence is 

strong

Levels of evidence (%)

10

50 40

13

A B C D

Level of evidence C: recommendation based on expert opinion, case 
studies, or standards of care.



Example - There is no evidence that acid suppression reduces 
mortality and there are known risks

Given the available evidence the decision to provide stress 
ulcer prophylaxis is one of general equivalence

Intensive Care Medicine (2006) 32:1151-1158

Absolute Risk reduction

GB risk

VAP risk

RR risk of death from GB

RR of GB from prophylaxis

RR risk of death from VAP

RR of VAP from prophylaxis

0 % 5 % 10 %-10 % -5 %
favours prophylaxis



But the SSC authors know this

Meta-analysis show prophylaxis-induced reduction of GI bleed, 
which we consider significant despite absence of mortality 

benefit.

Local assessment of risks/benefits can justify different 
decisions that are not “wrong”

The benefit must be weighed against the effect of increased 
gastric pH on greater incidence of VAP and  

C. Difficile infection...



Myth: Guidelines apply to all patients

❖ Treatment response varies by baseline risk and 

pathophysiologic mechanism 

❖ Science for assessing individual benefit without performing 

subgroup analysis evolving 

❖ Doctors must do this at the bedside - hard for guidelines

Kent et al Trials 2010, 11:85



Individualizing treatment  - Read the guideline not 
just the recommendation

❖ We recommend that vasopressor therapy initially target a 
MAP of 65 mm Hg (1C)


❖ ...but the optimal MAP should be individualized.... 
❖ .... supplementing end points with assessment of regional 

and global perfusion, such as lactate, skin perfusion, 
mental status and urine output is important.



The most important question facing clinicians today...

Surviving Sepsis guidelines reduces mortality

JAMA 2008;299(19) 2294-2303 CCM 2010; 38:367-374
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Surviving sepsis guidelines reduce mortality but why?

JAMA 2008;299(19) 2294-2303 CCM 2010; 38:367-374
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Surprising since most of the bundle probably doesn’t work

Something else is going on
❖ Sepsis resuscitation bundle (first 6 hrs) 

❖ measure lactate 
❖ blood cultures before antibiotics 
❖ broad spectrum antibiotics 
❖ fluids and vasopressors 
❖ CVP >=8 mmHg 
❖ ScvO2 >=70% 

❖ Sepsis management bundle (first 24 hrs 
❖ low dose steroids  
❖ drotrecogin alfa (activated) 
❖ glucose control 
❖ plateau pressure control

√
√
√

Single center trial 
being repeated

√



Is there value in standardizing and following guidelines 
when the evidence is weak?

❖ Elimination of variation in process is a key 
manufacturing process in quality control 

❖ Many, but not all, believe this is true for medicine 
❖ Changing your practice when the evidence is 

modest will depend on whether you believe 

standardization improves outcome

But this is empiricism...the opposite of evidence based 

medicine!!!



Surviving Sepsis 2012 - Con



Surviving Sepsis - Con

Initial resuscitation

❖ Protocolized, quantitative resuscitation of sepsis-induced 

hypoperfusion (=hypotension persisting after initial fluid challenge or lactate 

concentration >= 4 mmol/L) 

!

Goals during first 6 hours:

❖ CVP 8-12 mmHg 
❖ MAP >=65 mmHg 
❖ Urine output >= 0.5 ml/kg/hr 
❖ ScvO2 70%  (grade 1C)



Surviving Sepsis - Con

The patients in this study are not representative of 
septic shock patients seen elsewhere

Their hemodynamic profile is more of a volume shock 
than a vasoplegic shock

Their low ScvO2 (49%) suggests normal 02 
extraction......uncommon in cases of severe sepsis



Surviving Sepsis - Con

Caution before applying the EGDT protocol to every 
patient with septic shock

The SSC haemodynamic resuscitation targets are 
methodologically and physiologically questionable

❖ CVP 8-12 mmHg  
❖ MAP >= 65 mmHg 
❖ SCVO2 70%

.... why CVP?    Why 8-12?



Surviving Sepsis - Con

CVP 
❖ not simple to measure: 

❖ “zero” level 
❖ Must be measured at end expiration 
❖ Which values if PEEP or intrinsic PEEP?

CVP = 12 mmHg 
(at end expiration)

PEEPi = 12 mmHg 
(at end expiration)

Airway pressure 
transmission = 60%

true CVP?       12?       0?       7?

true CVP= 12 - (12 x 0.6) = 7mmHg



Surviving Sepsis - Con

CVP : targeting 12-15 mmHg...a high risk of lung oedema

PAOP

CVP

15

12

18

increased lung permeabilityEVLW

Pulmonary capillary 

pressure 

mm Hg



Surviving Sepsis - Con

CVP 
❖ not so simple: 

❖ “zero” level 
❖ Must be measured at end expiration 
❖ Which values if PEEP or intrinsic PEEP?

Ex. in a COPD patient ( high PEEPi ) a CVP of 12 can be 
associated with profound hypovolaemia

❖ CVP: inappropriate to assess volume status



Mean arterial pressure (mean 
± sd, mm Hg) 76 83

Cardiac index (L/min/m 2.7 3.7

VO 103 135

Lactate (mean ± sd, mmol/L) 
5.5 3.6

Central venous oxygen 
saturation (mean ± sd, %) 70 71

CCM June 2013 • Volume 41 • Number 6

Significant 
benefits 

obtained from 
fluids in spite 
of SCVO2 of 

70%

Lactate but not SCVO2 predict 
increase in oxygen consumption in 
fluid responders



Surviving Sepsis - Con

Initial SCVO2 - 72%

Initial SCVO2 - 73%

Initial SCVO2 - 74%

Initial SCVO2 - 73%



“A trial of dobutamine infusion up to 20 mcg/kg/min be added to 
vasopressor in the presence of: 

!
a) myocardial dysfunction suggested by elevated filling pressure and low 
cardiac output 
b) or signs of hypoperfusion despite adequate volume and MAP”

Which filling 
pressure?

What is a low 
cardiac 
output?

What is a 
adequate 
volume?

What is a 
adequate 

MAP?

Dobutamine administration without any 
echocardiographic assessment of cardiac 

function......unbelievable in 2013!!!



Surviving Sepsis - Con

The initial hemodynamic resuscitation of septic patients according 
to Surviving Sepsis Campaign guidelines - does one size fit all?

No!!.... One size does not fit all

Let’s individualize treatment 
  ...rather than our spinal cordsLet’s use our brain



CPR



In-hospital CPR

N Engl J Med 1996;334:1578-82

!

<16% in-hospital survival rates 
despite awareness, education, monitoring, 

drugs, equipment, cardiac arrest teams 
!

Pretty much unchanged since 1960s



TV CPR- 77% success!

N Engl J Med 1996;334:1578-82
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Abstract

 

Background.

 

Responsible, shared decision
making on the part of physicians and patients about the
potential use of cardiopulmonary resuscitation (CPR) re-
quires patients who are educated about the procedure’s
risks and benefits. Television is an important source of in-
formation about CPR for patients. We analyzed how
three popular television programs depict CPR.

 

Methods.

 

We watched all the episodes of the televi-
sion programs 

 

ER

 

 and 

 

Chicago Hope

 

 during the 1994–
1995 viewing season and 50 consecutive episodes of

 

Rescue 911

 

 broadcast over a three-month period in 1995.
We identified all occurrences of CPR in each episode
and recorded the causes of cardiac arrest, the identifi-
able demographic characteristics of the patients, the un-
derlying illnesses, and the outcomes.

 

Results.

 

There were 60 occurrences of CPR in the 97
television episodes — 31 on 

 

ER,

 

 11 on 

 

Chicago Hope,

 

and 18 on 

 

Rescue 911.

 

 In the majority of cases, cardiac
arrest was caused by trauma; only 28 percent were due
to primary cardiac causes. Sixty-five percent of the car-
diac arrests occurred in children, teenagers, or young
adults. Seventy-five percent of the patients survived the
immediate arrest, and 67 percent appeared to have sur-
vived to hospital discharge.

 

Conclusions.

 

The survival rates in our study are sig-
nificantly higher than the most optimistic survival rates in
the medical literature, and the portrayal of CPR on tele-
vision may lead the viewing public to have an unrealistic
impression of CPR and its chances for success. Physi-
cians discussing the use of CPR with patients and fami-
lies should be aware of the images of CPR depicted on
television and the misperceptions these images may fos-
ter. (N Engl J Med 1996;334:1578-82.)
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I

 

N critical care units and hospital wards across the
country, patients and physicians struggle with deci-

sions about whether or not to undertake cardiopulmo-
nary resuscitation (CPR) and other potentially life-sus-
taining treatment. Often, these decisions are not made
on a sound basis. Doctors are frequently unaware of
their patients’ wishes concerning treatment.

 

1

 

 Even when
physicians are aware, they may find the patients’ re-
quests problematic. Ideally, decisions about the pro-
spective use of CPR should be made jointly by the pa-
tients and physicians,

 

2

 

 but for patients to participate in
medical decisions, they must be informed about the
risks and benefits of a procedure and must incorporate
this knowledge into the choices they make.

Patients learn about CPR from many sources, includ-
ing physicians, family and friends, personal experience,
and CPR courses. In a number of studies, however, pa-
tients report that they obtain much of their information
from the media. For example, Schonwetter et al. found
that 92 percent of patients over 62 years of age report-
ed obtaining information about CPR from television, 82
percent from newspapers, and 72 percent from books.

 

3

 

In another study, 70 percent of the patients over 74
years of age reported obtaining information about CPR
from television.

 

4

 

 Furthermore, patients often overesti-
mate their likelihood of survival after CPR,

 

3,5

 

 and this

misinformation may lead them to choose to undergo re-
suscitation in situations in which survival is extremely
unlikely.

 

3,5

 

Since television is an important source of informa-
tion about CPR for patients, we analyzed how three
popular medical programs depict CPR. We wanted to
see how patients undergoing CPR on television com-
pared with such patients in the real world, and to com-
pare the survival rates after CPR on television with the
survival rates reported in the medical literature.

 

M

 

ETHODS

 

Study Design

 

We viewed all the episodes of the television programs 

 

ER

 

 and 

 

Chi-
cago Hope

 

 during the 1994–1995 viewing season and 50 consecutive
episodes of 

 

Rescue 911

 

 broadcast over a three-month period in 1995.
The first two programs are fictional dramas set in hospitals; 

 

Rescue
911

 

 shows dramatic reenactments of actual rescues by emergency
services throughout the country.

We identified all the occurrences of CPR in each episode. CPR was
defined as any situation in which chest compressions were performed
on a patient, a patient was said to be having “an arrest,” or an uncon-
scious patient was defibrillated for ventricular fibrillation or ventricu-
lar tachycardia. We included only instances of arrhythmia identified
verbally by one of the characters or clearly observed on a cardiac
monitor.

For each occurrence of CPR, we recorded the following informa-
tion: the patient’s sex and age, the patient’s location at the time of
cardiac arrest (in or out of a hospital), whether the arrest was wit-
nessed, whether CPR was performed by a bystander, the immediate
cause of the arrest, and any known underlying illnesses of the patient.
We noted the use of chest compressions, rescue breathing, defibrilla-
tion, and open cardiac massage during the resuscitation. We recorded
whether the patient survived the arrest, whether he or she survived to
discharge from the hospital, and the long-term outcome. In addition,
if physicians on the programs offered estimates of a patient’s chance
of survival after CPR, we noted those estimates.

We also documented all deaths that occurred on the programs, re-

 

The New England Journal of Medicine 
Downloaded from nejm.org by JOHN VOGEL on April 6, 2013. For personal use only. No other uses without permission. 

 Copyright © 1996 Massachusetts Medical Society. All rights reserved. 
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Better still

Baywatch CPR- 100% success!

Maybe our arrest teams need different attire?

Bremner?



!

Outreach teams are becoming the 
hospital’s surrogate dying team 

!

Almost 1/3rd of all calls have limitations of 
treatment 

 

CCM 2012; 40(1):98-103

DNAR orders



!

Up to 80% of all so-called “arrests”are 
preceded by at least 8 hours of slow 

deterioration in vital signs 

Schein et al Chest 1990;98:1388

Why do patients arrest in hospital?



Sick patient

Nurse observes but can’t act

Trainee doctors act but not trained

Specialist trained - but not in acute medicine

Eventual multiorgan failure/cardiac arrest and 
admitted to ITU

Chain of events



Vital sign documentation

❖ Sporadic 
❖ Inaccurate 
❖ Inconsistent 
❖ Variable 
❖ Especially the most important - 

❖ Respiratory rate

Resuscitation 2009;80:35
Lancet 2005;365:2097



Glycocalyx



Ernest Starling: 1866-1927

Single vascular barrier

Intravascular space

Interstitial space

COP

COP

Hydrostatic pressure

Hydrostatic pressure



Microvascular fluid exchange and the revised Starling principle

But.....

!

❖ lymph flow produced is orders of magnitude smaller then 
predicted 
!

❖ In experiments, even when the COP inside and outside of the 
vessel were equal, there was still effective COP drawing fluid in ! 

!
❖ The endothelial glycocalyx binds plasma proteins and has a high 

internal oncotic pressure generating the effective oncotic gradient 
within a very small space.

Cardiovascular Research (2010) 87, 198–210



Albuminintravascular 
space

Double vascular barrier

Rehm et al Anesthesiology 2004;100:1211

glycocalyx

endothelial 
cells

interstitial 
space



Glycocalyx - electron microscopy

1 µm 1 µm

Rehm et al Anesthesiology 2004;100:1211



Electron microscopy - glycocalyx

Rehm et al Anesthesiology 2004;100:1211

Endothelial 
cell

glycocalyx
1000 nm

nucleus

50
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Glycocalyx - components

Pries et al Eur J Physiol; 440:653-666, 2000

heparansulfate

hyaluronane

syndecan-1



Glycocalyx

The colloid oncotic competence of the glycocalyx 
determines fluid filtration

Jacob et al Anesthesiology 2006, 104:1223-1231
Jacob et al Cardiovasc Res 2007, 73:1235-1242



Healthy endothelial glycocalyx

Nieuwdorp et al Curr Opin Lipidol 2005; 16:507

erythrocyte

plasma proteins

platelets

monocyte

plasma proteoglycan

vWF
antithrombin

NO synthase



Destruction of the glycocalyx

Nieuwdorp et al Curr Opin Lipidol 2005; 16:507

monocytes

adhering 
 platelets

leak of proteins

proteoglycans

loss of NO synthase



Sepsis-destruction of glycocalyx

Nieuwdorp et al Curr Opin Lipidol 2005; 16:507

TNF, endotoxin, 
leukocytes, ANP, I/R

Capillary leak



Healthy Sepsis Severe 
Sepsis

Septic 
Shock

**

Glycocalyx in sepsis

Increased shedding of glycocalyx in plasma with increasing 
severity of illness...a prognostic factor
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Kohler et al Infection 39:117-118; 2011



The shedding of glycocalyx is a prognostic factor for 

the outcome of sepsis. 
!

Hyaluronan appears to predict the survival of  
septic shock and ITU length of stay in survivors.

Kohler et al Infection 39:117-118; 2011



Glycocalyx - volume of colloids effects are “context sensitive”
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Albumin 5% HES 6%

normovolaemic 
hemodilution

86% 90%

Albumin 5% HES 6%

38% 43%

Jacob et al Lancet 2007 16;369:1984-6

Alterations of the glycocalyx reduces the volume effects of colloids 

ANP

Ringers

18%

hypervolaemic 
“volume 
loading”



Glycocalyx alteration

Atrial Natriuretic Peptide (ANP) 

a cardiac hormone released by 
acute volume loading, plays a key 

role in blood volume regulation

Isbister (1997) Trans Sci; 18:409-423

Tucker (1996) Am J Physiol; 271:R591



ANP “strips off” the glycocalyx

Am J Physiol Heart Circ Physiol 289: H1993–H1999, 2005

Control ANP



Glycocalyx - summary

Large structure with important functions 

!

❖ Vascular barrier function 
❖ Thrombocyte and leucocyte adhesion (“teflon”) 
❖ Inflammation

Jacob et al Anesthesiology 2006, 104:1223-1231 Jacob et al Cardiovasc Res 2007, 73:1235-1242



Summary

❖ Balanced infusions should be preferred 
❖ Glycocalyx determine volume effects of infusions 
❖ Healthy vascular barrier: volume effect of iso-oncotic 

colloids is 5 times, of hyperoncotic albumin 10 times 
higher than isotonic crystalloids (ANH) 

❖ Affected vascular barrier: volume effect of iso-oncotic 
colloids is 2 times higher than isotonic crystalloids 
(ANH)



The Albumin molecule

❖ Single polypeptide chain 
❖ 585 amino acids 

❖ Negatively charged 
❖ Non-glycosylated

Distribution 
❖ 360 gm total 

❖ 33% intravascular 
❖ 67% extravascular

Attributes 
❖ Transport properties 
❖ Anti-oxidant 
❖ Anti-coagulant 
❖ Protects 

microcirculation 
❖ Anti-inflammatory

JL Vincent Best practice & research Clinical Anesthesiology 23(2009) 183-184





Perioperative haemodynamic management



Mortality after surgery in Europe

Elective surgery critical care admission rate %

Spain

Iceland
Belgium

Netherlands

UK
France

Norway

Denmark
Sweden

0% 2% 4% 6% 8% 10% 12%

Lancet Vol 380 September 22,2012
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3.8
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Raw mortality 
% died in hospital
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2.0
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5.3Italy



Determinants of long term survival after major surgery  
and the adverse effects of postoperative complications

Annals of Surgery • Volume 242, Number 3, September 2005
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Goal-directed therapy in high risk surgical patients 
a 15 year follow up study

Intensive Care Med (2010) 36:1327–1332

Median survival of: 
protocol group   1781 days 
control group     674 days



Summary

❖ Post operative complications are common and have long 
lasting effects 

❖ We must look at ways of reducing the complication 
burden for these patients (goal directed therapy) 

❖ But most studies showing a positive result of goal 

directed therapy have been small (remember beta 

blocker studies!)



Consensus for better perioperative haemodynamic 
management

❖ In elective high risk patients, we ideally need to know the 
cardiac output and oxygen delivery pre-induction if we 

are to optimize them  
❖ Can we do this non-invasively?



Consensus for better perioperative haemodynamic 
management

❖ During induction of anaesthesia in high risk patients, the fall in 
BP is due to a fall in preload as a result of increased venous 
capacitance 

❖ It is not due to a fall in SVR...but due to venodilation 
❖ ?? This is best treated with prophylactic fluids or 

venoconstrictors 
❖ Phenylephrine infusion (1-2 mg/hr) commenced pre-induction 

maintains BP



Induction sequence-Mr C for a Triple AAA

Monitoring at point 3 would have underestimated starting CO by 50%

CO

Problem of using the best evidenced monitor (oesophageal doppler) is that you will be blind 
at induction and in recovery (when patient “third spaces” and the crystalloid dissipates).



Why not use heart rate or blood pressure?

Shoemaker et al CCM 1993;21:218-222



Non invasive cardiac output monitors

CNAP T line Nexfin



Accuracy and precision

Accurate 
Precise

Not Accurate 
Precise

Accurate 
Not Precise

Not Accurate 
Not Precise

(bias)



Non invasive (Nexfin) v oesophageal doppler cardiac output 
monitors

Chen et al J Clin Anesth 2013

Good 
agreement 
ASA 1/2 

Periop patients

Poor agreement 
Septic shock 
Noradrenaline



But.......

Ramsingh et al. Critical Care 2013, 17:208

❖ Main drawback is uncalibrated monitors are highly dependent 
on vasomotor tone and on vascular compliance (beware in 
sepsis!) 
!

❖ It is surprising to observe that medicine is able to conduct 
clinical studies using devices that have been consistently 
demonstrated to be inaccurate.  

!
❖ However, would any other industry dealing with life and death 

situations accept such a shortcoming?  
!
Would an altimeter be used on a commercial passenger plane 

despite the fact that it has been demonstrated to be 
inaccurate?



Microvascular flow



“...it seems likely that the circulatory defect is of 
the nature of a distributional change, since actual 

rates of blood flow are not low. 
It might prove very interesting if someone will try 

vasodilating drugs in such a patient.....”
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decreased venous pressure

“...it seems likely that the circulatory defect is of the nature of a 
distributional change, since actual rates of blood flow are not low. 

It might prove very interesting if someone will try vasodilating 
drugs in such a patient.....”

Am J Cardiol 1963



Abnormal peripheral perfusion - effect of a stepwise increase of 
GTN

Indices of perfusion T baseline T max

Capillary refill time (sec) 9.4 4.8

Perfusion index -0.5 0.7

T skin-difference 3.3 0.7

StO2% 75 84

Upslope (%/sec) 1.9 2.8

Improvement in indices of perfusion with GTN
Prof Jan Bakker Personal communication



❖ Vasodilation and optimizing venous pressure makes 
sense even in patients with hypotension 

❖ Impaired peripheral perfusion is associated with 
decreased clearance of lactate, increased organ failure 
and very high mortality 

❖ Targeted infusion of NTG improves peripheral perfusion 
❖ Outcome?

Conclusion



Detecting fluid responsiveness



CHEST 2008; 134:172–178

Conclusions:  This systematic review (24 studies) demonstrated a very poor relationship 
between CVP and blood volume as well as the inability of CVP/∆CVP to predict the 

hemodynamic response to a fluid challenge. 
“CVP should not be used to make clinical decisions  

regarding fluid management.”

“43 studies : AUC was 0.56 (coin flip) 
There is no data in any group of patients to support using the CVP to guide fluid therapy. This 	


approach must be abandoned.”

CCM  July 2013; 41:7; 1774



❖ 7 healthy, standing awake mares 
❖ Graded haemorrhage

But yes, the CVP works !

JAVMA 2006;228:1458

Changes in central venous pressure in response to acute 
blood loss in horses



Negative effects of a raised CVP

JACC Vol. 53, No. 7, 2009



The 7 flawed assumptions in assuming that the CVP predicts 
fluid responsiveness

CVP~RVEDP~PAD~PCWP~LAP~LVEDP~LVEDV~Fluid responsiveness

RV  
compliance

Pulmonary 
Vascular Resistance

Airway  
pressure

Mitral 
valve

LV 
compliance

LV 
function

Kaplan’s Cardiac Anesthesia 2006; pg 385, fig 14-11



???
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Diastolic dysfunction



Diastolic heart failure

❖ Diastolic heart failure increasingly more common -  

~50% of heart failure cases


❖ Prognosis the same as systolic heart failure 

❖ Patients often have normal ejection fraction 

❖ Difficult to diagnose 

❖ Appropriate treatment is not known



Diastolic heart failure (“failure with preserved ejection fraction”)

Commonest form in over 70s

European Heart Journal (2008) 29, 339–347
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Diastolic heart failure (“failure with preserved ejection fraction”)

Prognosis the same !

European Heart Journal (2008) 29, 339–347



LV 
Diastolic

20%

LV 
Systolic

8%

Diastolic dysfunction common in severe sepsis

Mayo Clin Proc 2012; 87(7):620-628

RV
9%

4%

6%

10%8%

64%36%

Total patients (N=106)

Normal Myocardial dysfunction



Diastolic dysfunction and mortality in severe sepsis and septic 
shock

European Heart Journal (2012) 33, 895-903
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Mitral valve  
opens

LAP

Diastolic filling of LV

Relaxation= 
active phase 

ATP dependent

Relaxation= 
passive phase 
decreased LV 
compliance
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Diagnosis of diastolic dysfunction-pulsed doppler

Moderate heart disease, 
when left atrial 
pressure has risen, the 
E-wave velocity and 
E:A ratio is similar to 
that in normal subjects 
(the pseudonormal 
pattern)

Advanced disease, Low 
ventricular compliance . 
The E wave of normal to 
high velocity is a result 
of high left atrial 
pressure and a high 
transmitral pressure 
gradient in early diastole

Reduced velocity of 
early filling (E wave), an 
increase in the velocity 
associated with atrial 
contraction (A wave), 
and a ratio of E to A that 
is lower than normal



But...mitral flow is also sensitive to LAP

Increasing LAP

How do you assess diastolic function independently from LAP?



E1 independent of LAP 
Normal values 

E1 > 8 cm/s and E1 / A1 > 1 

E1
A1

Tissue doppler of mitral annulus

The E/E1 ratio most confidently separates normal filling pressures  
from elevated filling pressures 

The best index of diastolic function is the combined assessment of 
transmitral flow and mitral annulus velocity



Conclusions

❖ Assessing diastolic function is critical in: 
❖ Unexplained pulmonary oedema with normal systolic function 
❖ Hypertensives to whom you decide to give fluid 
❖ Septic shock to predict prognosis 
❖ Weaning from mechanical ventilation 

❖ Mitral flow is influenced by relaxation AND LAP 
❖ Therefore flow alone cannot be used to assess diastolic 

function 
❖ To assess LV compliance : LA volume, Ea and E/E’



To assess diastolic function

PAOP = E / E’

Mitral blood flow (E wave) 
 but depends on relaxation 

AND 
preload (PAOP)

E

E’ - mitral annulus tissue 
velocity 

which is independent of 
PAOP and depends only on 

LV relaxation and compliance
E’



E

PAOP 
LV relaxation

E’

LV relaxation



Thermodilution derived variables



Thermodilution derived variables

Transpulmonary thermodilution 
❖ Cardiac output 
❖ Global end-diastolic volume (GEDV) 
❖ Extravascular lung water (EVLW) 
❖ Pulmonary vascular permeability index (PVPI) 
❖ Cardiac function index (CFI)

Pulse contour analysis 
❖ Continuous cardiac output (CCO) 
❖ Stroke volume variation (SVV) 
❖ Pulse pressure variation (PPV)

Volumetric 
indices



Limitations of GEDV

❖ GEDV could overestimate LV preload in case of dilated RV 
(as GEDV is a global volumetric index) 

❖ GEDV is a poor index of preload responsiveness



Predicting fluid responsiveness

BJA 95 (6): 746–55 (2005)

GEDVI

0.56

PPV

0.94

SVV

0.84

CCM 2009; 37: 2642

CVP

0.55
X

X
√√



Differentiation of hydrostatic pulmonary oedema from ARDS

cut-off 
value = 3 Se=85% 

Sp=100%

ICM 2007; 33: 448

PVPI 
(pulmonary vascular 
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Cardiac function index (CFI) as an indicator of LV systolic function 

Crit Care Med 2009; 37:2913–2918

CFI = CO / GDEV

n = 96 
r = 0.67 
p <0.0001

LVEF (%)

CF
I (

m
in-1

)

LVEF <=35%

3.5 min-1

Ability of the CFI (<3.5 min-1) to detect a 
LVEF <35%

A low CFI can alert the clinician and incite to perform an echo



Infections



Inappropriate initial empirical therapy is associated with 
increased mortality in NP/VAP

Alvarez et al Intensive Care Medicine 1996;22:387 Kollef Chest 1998,113:412 Luna Chest 1997,111:676 Rello AJRCCM 1997;196
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Pathogens associated with inappropriate initial therapy for VAP
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Alvarez et al Intensive Care Medicine 1996;22:387 Kollef Chest 1998,113:412 Luna Chest 1997,111:676 Rello AJRCCM 1997;196



Delay in appropriate antibiotic treatment and mortality

Adequate Inadequate

P<0.001

MSSA MRSA

Pneumonia

Nosocomial 13% 60%

Community

acquired 13% 42%

Bloodstream

Nosocomial 0 73%

Community

acquired 15% 50%

% patients with delayed treatment

Kollef Chest 1999,115:462 Ibrahim et al Chest 2000,118:146
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Staphylococcus aureus: percentage of invasive isolates 
resistant to methicillin 2011

http://ecdc.europa.eu/en/activities/surveillance/EARS-Net/database/Pages/maps_report.aspx

http://ecdc.europa.eu/en/activities/surveillance/EARS-Net/database/Pages/maps_report.aspx


When is MRSA coverage required?

❖ In patients previously identified as colonized or 
infected by this strain 

❖ When local prevalence is high 
❖ In patients with prior hospitalization in high-risk 

settings, such as nursing homes or chronic 
haemodialysis centers 

❖ When Gram staining of respiratory secretions shows 
G + cocci in a patient with a late onset infection and/
or prior antimicrobial treatment

Chastre Clin Chest Med 2005 Dryden et al Clin Microbiol Infect 2010;16 Suppl 1:3-30 ATS, IDSA AJRCCM 2005;171:388



Potential advantages of linezolid in MRSA infection

❖ Good spectrum of activity covering MRSA  
❖ 100% oral bioavailability 
❖ Good tissue penetration, including the lung 
❖ Low propensity for selecting resistant strains 
❖ Inhibits toxin mediated effects of bacteria 
❖ Proven clinical and microbiological efficacy in ZEPHyR study 
❖ Less nephrotoxicity compared with vancomycin in ZEPHyR study

Boselli et al Crit Care Med 2005;33:1529
Ross et al J Chemother 2011; 23:71

Pichereau et al Antimicrob Agents Chemother 2012;56:140
Wunderink et al Clin Infect Dis 2012;54:621



Linezoloid penetrates well and rapidly into the lung

breakpoint for MRSA

Epithelial lining fluid

Boselli et al Crit Care Med 2005;33:1529
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Vancomycin nephrotoxicity

Non-ICU patientsICU patients

Lodise et al Clin Infect Dis 2009; 49:507-14
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Antibiotic underdosing



Beta-lactam underdosing in patients with augmented renal 
clearance (ARC)

❖ ARC=supranormal GFR 
(>130ml/min) 

❖ Most common in critically ill 
patients with : 

❖ SIRS/Sepsis 
❖ Trauma 
❖ Up to 30%

Anesth Intensive Care 2008;36: 674
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Good websites



http://plus.mcmaster.ca/evidenceupdates/

2-step process we use (see figures below) shrinks 
about 50,000 articles per year in >140 clinical 
journals to the most important 1 - 2 articles per 
month, a "noise reduction" of over 99.9%.

http://plus.mcmaster.ca/evidenceupdates/


http://www.tripdatabase.com

http://www.tripdatabase.com


http://www.ncbi.nlm.nih.gov/pubmed/clinical

http://www.globalrph.com


Pancreatitis-new classification



Severe pancreatitis - updated classification

Severe pancreatitis 
❖ Persistent organ failure (>48hrs) 
❖ Usually local complications 
❖ Increased mortality, even higher when infected necrosis



Severe pancreatitis - updated classification

Pancreatitis diagnosis 
❖ 2/3 of the following 

❖ abdominal pain 
❖ lipase (or amylase) >3 x ULN 
❖ characteristic findings on CE-CT, MRI or U/S 

❖ Onset of pancreatitis; start of abdominal 
pain

Banks et al Gut 2013:1;102-111



Determinant based severity classification

Mild AP Moderate AP Severe AP Critical AP

(peri)pancreatic necrosis No Sterile Infected Infected

and and/or or and

organ failure No Transient Persistent Persistent

Dellinger et al Ann Surg 2012 6:875-880



Time course of necrotising pancreatitis

1 week 2 weeks 3 weeks 4 weeks



Early vs late complications

Early (<2 weeks) 
❖ “sepsis-like” syndrome,shock,DIC 
❖ pleural effusion, ARDS 
❖ renal failure and IAP 
❖ nutrition and gut failure 
❖ early perforations 
❖ MSOF

Banks et al Gut 2013:1;102-111

Late (>2 weeks) 
❖ necrosis infection 
❖ extrapancreatic infection 
❖ vascular (aneurysm, thrombosis) 
❖ bowel ischaemia, necrosis, perforation 
❖ fistula and nutrition



Cause of death in severe acute necrotizing pancreatitis

Mortality :9% 
❖ sterile necrosis: 3%

❖ infected necrosis 24% 
❖ cause of death: infected necrosis in 70%

8 X higher mortality if 
infected



Severe acute pancreatitis

❖ Necrosis occurs in 5-15%  
❖ Infection of pancreatic/peripancreatic necrosis :40-70% 
❖ Early diagnosis with fine needle aspiration vital 
❖ Leading cause of death 
❖ Mortality ranges from 20-30% when infection present

❖ Severity, presence of MOSF and necrosis extension are 

predictors of infection 
❖ Rationale:Prophylactic antibiotics should reduce mortality??? 
❖ Antibiotic prophylaxis early???

Banks et al Gut 2013:1;102-111



Early assessment of pancreatic infections-PCT vs CRP

PCT and CRP in SAP 
!

❖ PCT cutoff 
❖ 3.8 ng/mL 
❖ Sensitivity 80%, specificity 93%

!

❖ CRP  cutoff 
❖ 430 mg/mL 
❖ Sensitivity 36%, specificity 97%

Rau et al Ann Surg 2007;245:745-754

PCT

CRP





Conclusions

❖ Incidence of SAP increasing 
❖ Conservative approach in absence of infection 
❖ Organ support, early fluids, early sphincerotomy 
❖ Antibiotic prophylaxis??? 
❖ Suspect infection if sustained organ dysfunction 

!
❖ Early enteral nutrition

❖ Delayed surgery 
❖ Vascular complications?



Severe pancreatitis - updated classification

Necrotizing pancreatitis 
❖ necrosis of the pancreatic and peripancreatic tissue 

❖ peripancreatic necrosis may be isolated (15-20%) 
❖ natural history variable

Banks et al Gut 2013:1;102-111



PPH



1. Detect PPH

Blood loss >500 ml after vaginal delivery or > 1000 mL after 
Cesarian section
Detection: 

In delivery bag and by weighing the impregnated drapes 
or 

in surgical or intraoperative cell salvage aspiration system

low praevia

Detection: 
Abnormal placental insertion

normal

Each “clot” ~ 250 ml blood



2. Contract the uterine smooth muscle

Uterine contraction induces mechanical compression of the spinal 
arteries after delivery 

Uterotonics : first step in PPH management

Prevention of atony 

Oxytocin IV 5 IU after cord clamp 

Misoprostol - 800 mcg PR

Treatment of atony

Oxytocin 30 IU per 30 minutes 

Sulprostone (PG2E) 500 mcg infusion per hour, 500 mcg every 6-12 hrs 
Ergometrine 500 mg IV 
Misoprostol 800 mcg PR



3. Stop the uterine blood flow
Bakri 

balloon
B-Lynch 
suture

Cho  
suture

Rescue 
hysterectomy

Embolisation Triple ligature



5. Transfusion strategies for massive PPH

Massive PPH: persistent bleeding > 500 ml/30 minutes 
(Prostaglandins, Bakri, embolisation, B-Lynch)

Massive PPH 
>2500mL 

>500mL/30min 
!

Massive transfusion protocol 
!

-6 units PRBCs 
- 4-6 units FFP 

-4-8 units platelet concentrates 
!

No biological monitoring 
!

-rFVIIa if coagulopathy

Monitored strategy 
!

-Continuous monitoring of Hb or HemoCue 
-Non invasive hemodynamic monitoring 

-Thromboelastography and laboratory monitoring 
!

Thresholds and objectives 
!

PRBC or Cell Saver - if Hb <7-1g/dL 
Colloids - if MAP <65 mmHg; diuresis <1 ml/kg/h 

Tranexamic acid: 1g/20 min then 0.5g/h 
Fibrinogen concentrate: 3-12 g or FFP 30ml/kg 

- If fibrinogen <3g/L and FIBTEM<18 mm 
FFP - if factor V <30% 

Platelets-if platelet count <50 x 109/mm3 
!



6. PRBC transfusion for PPH acute anaemia
Haemoglobin target: 

7 g/dL if bleeding has stopped 
8-10 g/dL if bleeding is ongoing

Laboratory and point-of-care measurement of Hb may give faalsely stable 
or dereased readings in cases of haemoconcentration of haemodilution

Non invasive haemodynamic monitoring 
Fluid management: crystalloids + colloids vol/vol 

but avoid haemodilution 
Correct: acidosis, hypocacaemia 

Calcium: Ca gluconate 10% 10 mL

7. Restore system regulation



8. Screen, monitor and treat coagulopathy

Decrease in fibrinogen is an early predictor of PPH poor outcome
Fibrinogen >4g/L = NPV 79% 
Fibrinogen <2g/L = PPV 100%

Charbit et al J Thromb Haemost 2007;5:256

Low in fibrinogen predicts severity

Fibrinogen <3g/L = OR 1.9 
!
Fibrinogen 2-3g/L = OR 11.99

Cortet et al BJA; 108, 984-989

Remember:

Normal fibrinogen levels in pregnancy ~ 4.5 g/l in 

non-pregnant ~3 g/l 

http://en.wikipedia.org/wiki/Pregnancy


PPH induced coagulopathy
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8b. Treat the coagulopathy early with targeted therapies

Ducloy-Bouthors et al. Critical Care 2011, 15:R117

Stop the hyperfibrinolysis: tranexamic acid 
EXADELI trial: efficacy of TXA to reduce PPH blood loss

Graph showing time from enrolment until PPH cessation in the two groups

High dose TXA reduces: 
measured blood loss, duration of bleeding Hb drop> 4g/dL 

The need for transfusion and evolution to severity
Side effects were minor (vomiting)
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8c. Restore plasma coagulation 

Restore fibrinogen level 
Fibrinogen concentrates 

To raise fibrinogen concentration by 1 g/L in a 70 kg adult 
!

FFP 4 units (1000 mL) £384 <-->cryoprecipitate 13 
units (260 mL) £478


<--> Fibrinogen concentrate 2 gm (100 mL) £440

Bell et al Int J Obstet Anesth 2010; 19:218-23



9. Prevent maternal morbidity and reduce PPH 
induced thrombotic risk with thromboprophylaxis 

Severe PPH increases the risk of post partum DVT

Chaleur et al Thromb Haemost 2008; 100:773-9

In one study: 32,463 women 
-317 severe PPH 

-11 post partum VTE 
-60 superficial vein thrombosis



Amniotic fluid embolism



Amniotic fluid embolism

❖ AFE is not constantly fatal 
❖ AFE is not an anaphylactic reaction 
❖ AFE is not a physiological process during normal 

labour 
!
!

❖ Diagnosis remains often based on clinical evaluation 
and exclusion - histology rarely available 
❖ IGFBP-1 a new biomarker



Acute foetal compromise - 49-100%

70
60
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40
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0

<5 5-15 16-25 26-35 36-54
min

Survival

❖ 79% foetus alive (32% when cardiac arrest) 
❖ 50% neurologic sequelae

Clark Am J  Obstet Gynecol 1995
Gilbert Obstet Gynecol 1999



Amniotic fluid embolism

Squamous cell

Trophoblast

Hair

Mucus



AFE-Fibrinolysis - DIC

Biron et al Pathophysiol Haemost Thromb 2003



Biomarkers of AFE

❖ Plasma mast cell tryptase 
❖ Biomarker of anaphylaxis 
❖ Slightly elevated in AFE, very high levels in 

anaphylactic shock

❖ Neither specific nor sensitive 

❖ Mild increase of serum tryptase in AFE 
67 ng/mL in AFE 
<10 ng/mL in controls 
648 ng/mL in anaphylactic shock

Nishio Forensic Science International Volume 126, Issue 1, 28 March 2002

http://www.sciencedirect.com/science/journal/03790738
http://www.sciencedirect.com/science/journal/03790738/126/1


Why do we need biomarkers?

Journal of Forensic Sciences	

Volume 57, Issue 4, pages 1120–1123, July 2012



Diagnostic accuracy of insulin-like growth factor binding 
protein-1 for amniotic fluid embolism

❖ The insulin-like growth factor binding proteins are a family 

of structurally related binding proteins that complex the 

insulin-like growth factors 

❖ IGFBP-1 is considered to be a specific protein marker of 

amniotic fluid, which is 500 to 1000-fold higher 

concentration compared with normal plasma

CCM 2012 Vol 40, No.7



Diagnostic accuracy of insulin-like growth factor binding 
protein-1 for amniotic fluid embolism

AFE                 234 µg/L 
Control             56 µg/L 
PPH                  65 µg/L 
!
Normal labour   49 µg/L 
PE                     5 µg/L

CCM 2012 Vol 40, No.7



Amniotic fluid embolism

❖ AFE is rare 

❖ AFE is severe 

❖ AFE is not a death sentence 

❖ Clinical diagnosis and exclusion criteria 

❖ Histology 

❖ New biomarker - IGFBP-1



???





Pulse contour analysis





Emergency department hemodynamic monitoring needs

❖ Any hemodynamic monitoring device that will be used 
frequently must be totally non invasive, reasonably 

accurate (trending) and be easily applied by non 

physician staff 
❖ Minimally invasive (arterial line) is too invasive for routine 

ED hemodynamic profiling



T-line non invasive bedside monitor

























































Lung volume and PVR
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Afterload induced RV failure

Pulmonary hypertension

Increased contractility

Increased EDV diastolic failure

systolic failure

1) thrombolytic therapy, iNO, FRC, pH, 
hypoxaemia, PGI2, low tidal volumes 

2) Dobutamine, noradrenaline, levosimendan

3) Diuretics

4) Noradrenaline

decreased stroke 
volume

hypotension

ischaemia

Ppao 13 mmHg
Ppao 28 mmHg



Anatomy of the Right Ventricle

main pulmonary artery

pulmonary valve

superior vena cava

RV outflow tract

tricuspid valve

right atrium

inferior vena cava



Hypoxaemia associated with increased mortality but a rare 
cause of death

Montgomery et al ARRD 1985; 146:486 Estenssorro et al CCM 2002; 30:2450 Stapleton et al Chest 2005; 128:525

< 10% of ARDS deaths



What is the attributable mortality/morbidity of 
refractory hypoxaemia

Your pO2  
here is 5.6 

❖ Unclear 
❖ Rare cause 
❖ Associated with some cognitive 

abnormalities after critical illness in 1 study 
❖ Hypoxaemia associated with cognitive 

abnormalities in other diseases but causal 
link unclear








































































