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Cardiac output - what are our goals?

❖ Adequate “effective” cardiac output 

❖ Adequate blood pressure (>65 mean) 

❖ Adequate macro and micro-circulation 

Correcting macro haemodynamics is a 


pre-requisite but not necessarily enough



“Adequate” cardiac output?

❖ Biochemistry

ScV02 

Lactate 

Base deficit 

❖ Advanced technology

“Visualizing” the micro-circulation

❖ Clinical signs

                 Normal BP Normal sensorium

                 Warm toes Urine output

                 < 3 sec capillary refill Small core-peripheral temperature 
gradient



Do we have “adequate” blood 
pressure?

❖ Arbitrarily defined as a mean BP > 65 

❖ There is no proof that this is correct 

❖ It may need to be tailored to each patient



So How Do We Reach Our Goals ?

.....and in what order?



5 Physiological targets - 6 hours : 


(1) Central venous pressure of between 8 and 12 mm Hg


(2) Mean arterial pressure of at least 65 mm Hg


(3) Urine output =/> 0.5 mL/kg/hr


(4) Central venous oxygen saturation using a target of at least 70%


(5) Normalized lactate

wrong!

 
 
 
 
 
Recommendations: Initial Resuscitation and Infection Issues* 
 
A. Initial Resuscitation 
 
1. Protocolized, quantitative resuscitation of patients with sepsis-induced tissue 
hypoperfusion (defined in this document as hypotension persisting after initial fluid 
challenge or blood lactate concentration ��4 mmol/L). Goals during the first 6 hrs of 
resuscitation: 
 a) Central venous pressure 8–12 mm Hg 
 b) Mean arterial pressure (MAP) ��65 mm Hg 
 c) Urine output ��0.5 mL/kg/hr 
 d) Central venous (superior vena cava) or mixed venous oxygen saturation 70% or 65%, 
respectively (grade 1C). 
 
2. In patients with elevated lactate levels targeting resuscitation to normalize lactate 
(grade 2C). 
 
B. Screening for Sepsis and Performance Improvement 
 
1. Routine screening of potentially infected seriously ill patients for severe sepsis to allow 
earlier implementation of therapy (grade 1C). 
 
2. Hospital–based performance improvement efforts in severe sepsis (UG). 
 
C. Diagnosis 
 
1. Cultures as clinically appropriate before antimicrobial therapy if no significant delay 
(> 45 mins) in the start of antimicrobial(s) (grade 1C). At least 2 sets of blood cultures 
(both aerobic and anaerobic bottles) be obtained before antimicrobial therapy with at least 
1 drawn percutaneously and 1 drawn through each vascular access device, unless the 
device was recently (<48 hrs) inserted (grade 1C). 
 
2. Use of the 1,3 beta-D-glucan assay (grade 2B), mannan and anti-mannan antibody 
assays (2C), if available, and invasive candidiasis is in differential diagnosis of cause of 
infection. 
 
3. Imaging studies performed promptly to confirm a potential source of infection (UG). 
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How to reach physiological targets :

!

 First question: is patient fluid responsive?


 If not, raise the B.P. with inotropes/vasopressors


 Despite adequate BP - is C.O. adequate ? 

(ex. ScvO2, lactate clearance etc)

If not ➝ Dobutamine / RBCs


????(4)  Resuscitate the microcirculation

!
!

◆ Begin resuscitation immediately in patients with hypotension or
elevated serum lactate >4mmol/l; do not delay pending ICU
admission. (1C)

◆ Resuscitation goals: (1C)
• Central venous pressure (CVP) 8–12 mm Hg*
• Mean arterial pressure ≥ 65 mm Hg
• Urine output ≥ 0.5 mL.kg-1.hr-1

• Central venous (superior vena cava) oxygen saturation ≥ 70%,
or mixed venous ≥ 65%

◆◆◆◆ If venous O2 saturation target not achieved: (2C)
• consider further fluid
• transfuse packed red blood cells if required to haematocrit of ≥ 30% 

and/or
• dobutamine infusion max 20 µg.kg-1.min-1

* A higher target CVP of 12-15 mmHg is recommended in the presence of
mechanical ventilation or pre-existing decreased ventricular compliance.

◆ Obtain appropriate cultures before starting antibiotics provided
this does not significantly delay antimicrobial administration.(1C)
• Obtain two or more blood cultures (BCs)
• One or more BCs should be percutaneous
• One BC from each vascular access device in place >48 hours
• Culture other sites as clinically indicated

◆ Perform imaging studies promptly in order to confirm and 
sample any source of infection; if safe to do so. (1C)

◆ Begin intravenous antibiotics as early as possible, and always
within the first hour of recognising severe sepsis (1D) and sep-
tic shock. (1B)

◆ Broad-spectrum: one or more agents active against likely bacte-
rial/fungal pathogens and with good penetration into presumed
source. (1B)

◆ Reassess antimicrobial regimen daily to optimise efficacy, 
prevent resistance, avoid toxicity & minimise costs. (1C)

◆◆◆◆ Consider combination therapy in Pseudomonas infections. (2D)

◆◆◆◆ Consider combination empiric therapy in neutropenic patients.(2D)

◆◆◆◆ Combination therapy no more than 3-5 days and de-escalation
following susceptibilities. (2D)

◆ Duration of therapy typically limited to 7–10 days; longer if
response slow, undrainable foci of infection, or immunologic
deficiencies. (1D)

◆ Stop antimicrobial therapy if cause is found to be non-infec-
tious. (1D)

◆ A specific anatomic site of infection should be established 
as rapidly as possible(1C) and within the first 6 hours of presen-
tation. (1D)

◆ Formally evaluate patient for a focus of infection amenable to
source control measures (eg: abscess drainage, tissue debride-
ment). (1C)

◆ Implement source control measures as soon as possible follow-
ing successful initial resuscitation. (1C)

◆◆◆◆ Exception: infected pancreatic necrosis, where surgical inter-
vention best delayed. (2B)

◆ Choose source control measure with maximum efficacy and 
minimal physiologic upset. (1D)

◆ Remove intravascular access devices if potentially infected. (1C)

◆ Fluid-resuscitate using crystalloids or colloids. (1B)

◆ Target a CVP of ≥ 8mmHg (≥12mmHg if mechanically vent -
ilated). (1C)

◆ Use a fluid challenge technique while associated with a haemo-
dynamic improvement. (1D)

◆ Give fluid challenges of 1000 ml of crystalloids or 300–500 ml
of colloids over 30 minutes.  More rapid and larger volumes 
may be required in sepsis-induced tissue hypoperfusion. (1D)

◆ Rate of fluid administration should be reduced if cardiac filling
pressures increase without concurrent haemodynamic improve-
ment. (1D)

◆ Maintain MAP ≥ 65mmHg.(1C)

◆ Norepinephrine or dopamine centrally administered are the 
initial vasopressors of choice.(1C)

◆ Epinephrine, phenylephrine or vasopressin should not be
administered as the initial vasopressor in septic shock. (2C)
• Vasopressin 0.03 units/min maybe subsequently added to norepineph-

rine with anticipation of an effect equivalent to norepinephrine alone.

◆ Use epinephrine as the first alternative agent in septic shock
when blood pressure is poorly responsive to norepinephrine 
or dopamine.(2B)

◆ Do not use low-dose dopamine for renal protection. (1A)

◆ In patients requiring vasopressors, insert an arterial catheter 
as soon as practical. (1D)

◆ Use dobutamine in patients with myocardial dysfunction as 
supported by elevated cardiac filling pressures and low cardiac
output. (1C)

◆ Do not increase cardiac index to predetermined supranormal
levels. (1B)

◆◆◆◆ Consider intravenous hydrocortisone for adult septic shock
when hypotension remains  poorly responsive to adequate fluid
resuscitation and vasopressors. (2C)

◆◆◆◆ ACTH stimulation test is not recommended to identify the subset
of adults with septic shock who should receive hydro
cortisone. (2B)

◆◆◆◆ Hydrocortisone is preferred to dexamethasone.(2B)

◆◆◆◆ Fludrocortisone (50 µg orally once a day) may be included if 
an alternative to hydrocortisone is being used which lacks 
significant mineralocorticoid activity. Fludrocortisone is optional
if hydrocortisone is used. (2C)

◆◆◆◆ Steroid therapy may be weaned once vasopressors are no
longer required. (2D) 

◆ Hydrocortisone dose should be <300mg/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)

◆◆◆◆ Consider rhAPC in adult patients with sepsis-induced organ 
dysfunction with clinical assessment of high risk of death (typi-
cally APACHE II ≥ 25 or multiple organ failure) if there are no
contraindications. (2B; 2C for post-operative patients)

◆ Adult patients with severe sepsis and low risk of death 
(eg: APACHE II <20 or one organ failure) should not receive
rhAPC. (1A)

◆ Give red blood cells when haemoglobin decreases to <7.0 g/dl 
(<70 g/L) to target a haemoglobin of 7.0 – 9.0 g/dl in adults. (1B)
A higher haemoglobin level may be required in special circumstances 
(eg: myo cardial ischaemia, severe hypoxaemia, acute haemorrhage, 
cyanotic heart disease or lactic acidosis)

◆ Do not use erythropoietin to treat sepsis-related anaemia.
Erythropoietin may be used for other accepted reasons. (1B)

◆◆◆◆ Do not use fresh frozen plasma to correct laboratory clotting
abnormalities unless there is bleeding or planned invasive pro-
cedures. (2D)

◆ Do not use antithrombin therapy. (1B)

◆◆◆◆ Administer platelets when: (2D)
- counts are <5000/mm3 (5 X 109/L) regardless of bleeding. 
- counts are 5000 to 30,000/mm3 (5–30 X 109/L) and there is significant 

bleeding risk.
- Higher platelet counts ≥ 50,000/mm3 (50 X 109/L) are typically required 

for surgery or invasive procedures.

◆ Target a tidal volume of 6ml/kg (predicted) body weight in
patients with ALI/ARDS. (1B)

◆ Target an initial upper limit plateau pressure ≤30cmH2O. 
Consider chest wall compliance when assessing plateau pres-
sure. (1C)

◆ Allow PaCO2 to increase above normal, if needed to minimise
plateau pressures and tidal volumes. (1C)

◆ Positive end expiratory pressure (PEEP) should be set to avoid
extensive lung collapse at end  expiration. (1C)

◆◆◆◆ Consider using the prone position for ARDS patients requiring
potentially injurious levels of FiO2 or plateau pressure, provided
they are not put at risk from positional changes. (2C)

◆ Maintain mechanically ventilated patients in a semi-recumbent
position unless contraindicated.(1B) 
◆◆◆◆ Suggested target elevation 30 - 45 degrees.(2C)

◆◆◆◆ Non invasive ventilation may be considered in the minority of
ALI/ARDS patients with mild-moderate hypoxemic respiratory
failure. The patients need to be haemodynamically stable, com-
fortable, easily arousable, able to protect/clear their airway and
expected to recover rapidly. (2B)

◆ Use a weaning protocol and a spontaneous breathing trial (SBT)
regularly to evaluate the potential for discontinuing mechanical
ventilation. (1A)
• SBT options include a low level of pressure support with continuous
positive 

airway pressure 5 cm H2O or a T-piece. 
• Before the SBT, patients should: 

– be arousable 
– be haemodynamically stable without vasopressors 
– have no new potentially serious conditions
– have low ventilatory and end-expiratory pressure requirement
– require FiO2 levels that can be safely delivered with a face mask or

nasal cannula

◆ Do not use a pulmonary artery catheter for the routine monitor-
ing of patients with ALI/ARDS. (1A)

◆ Use a conservative fluid strategy for patients with established
ALI who do not have evidence of tissue hypoperfusion. (1C)

◆ Use sedation protocols with a sedation goal for critically ill
mechanically ventilated patients. (1B)

◆ Use either intermittent bolus sedation or continuous infusion
sedation to predetermined end points (sedation scales), with
daily interruption/ lightening to produce awakening. Re-titrate 
if necessary. (1B)

◆ Avoid neuromuscular blockers where possible. Monitor depth 
of block with train of four when using continuous infusions. (1B)

◆ Use IV insulin to control hyperglycaemia in patients with severe
sepsis following stabilisation in the ICU. (1B)

◆◆◆◆ Aim to keep blood glucose <8.3 mmol/L (150 mg/dl) using a
validated protocol for insulin dose adjustment. (2C)

◆ Provide a glucose calorie source and monitor blood glucose val-
ues every 1-2 hours (4 hours when stable) in patients receiving
intravenous insulin. (1C)

◆ Interpret with caution low glucose levels obtained with point 
of care testing, as these techniques may overestimate arterial
blood or plasma glucose values. (1B)

◆◆◆◆ Intermittent haemodialysis and continuous veno-venous
haemofiltration (CVVH) are considered equivalent.(2B)

◆◆◆◆ CVVH offers easier management in haemodynamically unstable
patients.(2D)

◆ Do not use bicarbonate therapy for the purpose of improving 
haemo dynamics or reducing vasopressor requirements when
treating hypo perfusion-induced lactic acidaemia with pH ≥
7.15. (1B)

◆ Use either low-dose unfractionated heparin (UFH) or low-molec-
ular weight heparin (LMWH), unless contraindicated. (1A)

◆ Use a mechanical prophylactic device, such as compression
stockings or an intermittent compression device, when heparin
is contra indicated. (1A)

◆◆◆◆ Use a combination of pharmacologic and mechanical therapy 
for patients who are at very high risk for DVT. (2C)

◆◆◆◆ In patients at very high risk LMWH should be used rather than
UFH. (2C)

◆ Provide stress ulcer prophylaxis using H2 blocker (1A) or proton
pump inhibitor (1B). Benefits of prevention of upper GI bleed
must be weighed against the potential for development of venti-
lator-acquired pneumonia.

◆ Discuss advance care planning with patients and families. 
Describe likely outcomes and set realistic expectations. (1D)

Prepared on behalf of the SSC by Dr Jeremy Willson & Professor Julian Bion
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This is a summary of the Surviving 
Sepsis Campaign International Guidelines 

for Management of Severe Sepsis and Septic
Shock: 2008, condensed from Dellinger RP, Levy MM, 
Carlet JM, et al: Surviving Sepsis Campaign: International
guidelines for management of severe sepsis and septic
shock. Intensive Care Medicine (2008) 34:17-60. 

This version does not contain the rationale or appendices
contained in the primary publication. The SSC guidelines do
not cover every aspect of managing critically ill patients, and
their application should be supplemented by generic best
practice and specific treatment as required. Please refer to
the guidelines for additional information at
www.survivingsepsis.org

Strength of recommendation and quality of evidence 
have been assessed using the GRADE criteria, 
presented in brackets after each guideline.
For added clarity:
◆ Indicates a strong recommendation or “we recommend”
◆◆◆◆ Indicates a weak recommendation or “we suggest”

◆ Begin resuscitation immediately in patients with hypotension or
elevated serum lactate >4mmol/l; do not delay pending ICU
admission. (1C)

◆ Resuscitation goals: (1C)
• Central venous pressure (CVP) 8–12 mm Hg*
• Mean arterial pressure ≥ 65 mm Hg
• Urine output ≥ 0.5 mL.kg-1.hr-1

• Central venous (superior vena cava) oxygen saturation ≥ 70%,
or mixed venous ≥ 65%

◆◆◆◆ If venous O2 saturation target not achieved: (2C)
• consider further fluid
• transfuse packed red blood cells if required to haematocrit of ≥ 30% 

and/or
• dobutamine infusion max 20 µg.kg-1.min-1

* A higher target CVP of 12-15 mmHg is recommended in the presence of
mechanical ventilation or pre-existing decreased ventricular compliance.

◆ Obtain appropriate cultures before starting antibiotics provided
this does not significantly delay antimicrobial administration.(1C)
• Obtain two or more blood cultures (BCs)
• One or more BCs should be percutaneous
• One BC from each vascular access device in place >48 hours
• Culture other sites as clinically indicated

◆ Perform imaging studies promptly in order to confirm and 
sample any source of infection; if safe to do so. (1C)

◆ Begin intravenous antibiotics as early as possible, and always
within the first hour of recognising severe sepsis (1D) and sep-
tic shock. (1B)

◆ Broad-spectrum: one or more agents active against likely bacte-
rial/fungal pathogens and with good penetration into presumed
source. (1B)

◆ Reassess antimicrobial regimen daily to optimise efficacy, 
prevent resistance, avoid toxicity & minimise costs. (1C)

◆◆◆◆ Consider combination therapy in Pseudomonas infections. (2D)

◆◆◆◆ Consider combination empiric therapy in neutropenic patients.(2D)

◆◆◆◆ Combination therapy no more than 3-5 days and de-escalation
following susceptibilities. (2D)

◆ Duration of therapy typically limited to 7–10 days; longer if
response slow, undrainable foci of infection, or immunologic
deficiencies. (1D)

◆ Stop antimicrobial therapy if cause is found to be non-infec-
tious. (1D)

◆ A specific anatomic site of infection should be established 
as rapidly as possible(1C) and within the first 6 hours of presen-
tation. (1D)

◆ Formally evaluate patient for a focus of infection amenable to
source control measures (eg: abscess drainage, tissue debride-
ment). (1C)

◆ Implement source control measures as soon as possible follow-
ing successful initial resuscitation. (1C)

◆◆◆◆ Exception: infected pancreatic necrosis, where surgical inter-
vention best delayed. (2B)

◆ Choose source control measure with maximum efficacy and 
minimal physiologic upset. (1D)

◆ Remove intravascular access devices if potentially infected. (1C)

◆ Fluid-resuscitate using crystalloids or colloids. (1B)

◆ Target a CVP of ≥ 8mmHg (≥12mmHg if mechanically vent -
ilated). (1C)

◆ Use a fluid challenge technique while associated with a haemo-
dynamic improvement. (1D)

◆ Give fluid challenges of 1000 ml of crystalloids or 300–500 ml
of colloids over 30 minutes.  More rapid and larger volumes 
may be required in sepsis-induced tissue hypoperfusion. (1D)

◆ Rate of fluid administration should be reduced if cardiac filling
pressures increase without concurrent haemodynamic improve-
ment. (1D)

◆ Maintain MAP ≥ 65mmHg.(1C)

◆ Norepinephrine or dopamine centrally administered are the 
initial vasopressors of choice.(1C)

◆ Epinephrine, phenylephrine or vasopressin should not be
administered as the initial vasopressor in septic shock. (2C)
• Vasopressin 0.03 units/min maybe subsequently added to norepineph-

rine with anticipation of an effect equivalent to norepinephrine alone.

◆ Use epinephrine as the first alternative agent in septic shock
when blood pressure is poorly responsive to norepinephrine 
or dopamine.(2B)

◆ Do not use low-dose dopamine for renal protection. (1A)

◆ In patients requiring vasopressors, insert an arterial catheter 
as soon as practical. (1D)

◆ Use dobutamine in patients with myocardial dysfunction as 
supported by elevated cardiac filling pressures and low cardiac
output. (1C)

◆ Do not increase cardiac index to predetermined supranormal
levels. (1B)

◆◆◆◆ Consider intravenous hydrocortisone for adult septic shock
when hypotension remains  poorly responsive to adequate fluid
resuscitation and vasopressors. (2C)

◆◆◆◆ ACTH stimulation test is not recommended to identify the subset
of adults with septic shock who should receive hydro
cortisone. (2B)

◆◆◆◆ Hydrocortisone is preferred to dexamethasone.(2B)

◆◆◆◆ Fludrocortisone (50 µg orally once a day) may be included if 
an alternative to hydrocortisone is being used which lacks 
significant mineralocorticoid activity. Fludrocortisone is optional
if hydrocortisone is used. (2C)

◆◆◆◆ Steroid therapy may be weaned once vasopressors are no
longer required. (2D) 

◆ Hydrocortisone dose should be <300mg/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)

◆◆◆◆ Consider rhAPC in adult patients with sepsis-induced organ 
dysfunction with clinical assessment of high risk of death (typi-
cally APACHE II ≥ 25 or multiple organ failure) if there are no
contraindications. (2B; 2C for post-operative patients)

◆ Adult patients with severe sepsis and low risk of death 
(eg: APACHE II <20 or one organ failure) should not receive
rhAPC. (1A)

◆ Give red blood cells when haemoglobin decreases to <7.0 g/dl 
(<70 g/L) to target a haemoglobin of 7.0 – 9.0 g/dl in adults. (1B)
A higher haemoglobin level may be required in special circumstances 
(eg: myo cardial ischaemia, severe hypoxaemia, acute haemorrhage, 
cyanotic heart disease or lactic acidosis)

◆ Do not use erythropoietin to treat sepsis-related anaemia.
Erythropoietin may be used for other accepted reasons. (1B)

◆◆◆◆ Do not use fresh frozen plasma to correct laboratory clotting
abnormalities unless there is bleeding or planned invasive pro-
cedures. (2D)

◆ Do not use antithrombin therapy. (1B)

◆◆◆◆ Administer platelets when: (2D)
- counts are <5000/mm3 (5 X 109/L) regardless of bleeding. 
- counts are 5000 to 30,000/mm3 (5–30 X 109/L) and there is significant 

bleeding risk.
- Higher platelet counts ≥ 50,000/mm3 (50 X 109/L) are typically required 

for surgery or invasive procedures.

◆ Target a tidal volume of 6ml/kg (predicted) body weight in
patients with ALI/ARDS. (1B)

◆ Target an initial upper limit plateau pressure ≤30cmH2O. 
Consider chest wall compliance when assessing plateau pres-
sure. (1C)

◆ Allow PaCO2 to increase above normal, if needed to minimise
plateau pressures and tidal volumes. (1C)

◆ Positive end expiratory pressure (PEEP) should be set to avoid
extensive lung collapse at end  expiration. (1C)

◆◆◆◆ Consider using the prone position for ARDS patients requiring
potentially injurious levels of FiO2 or plateau pressure, provided
they are not put at risk from positional changes. (2C)

◆ Maintain mechanically ventilated patients in a semi-recumbent
position unless contraindicated.(1B) 
◆◆◆◆ Suggested target elevation 30 - 45 degrees.(2C)

◆◆◆◆ Non invasive ventilation may be considered in the minority of
ALI/ARDS patients with mild-moderate hypoxemic respiratory
failure. The patients need to be haemodynamically stable, com-
fortable, easily arousable, able to protect/clear their airway and
expected to recover rapidly. (2B)

◆ Use a weaning protocol and a spontaneous breathing trial (SBT)
regularly to evaluate the potential for discontinuing mechanical
ventilation. (1A)
• SBT options include a low level of pressure support with continuous
positive 

airway pressure 5 cm H2O or a T-piece. 
• Before the SBT, patients should: 

– be arousable 
– be haemodynamically stable without vasopressors 
– have no new potentially serious conditions
– have low ventilatory and end-expiratory pressure requirement
– require FiO2 levels that can be safely delivered with a face mask or

nasal cannula

◆ Do not use a pulmonary artery catheter for the routine monitor-
ing of patients with ALI/ARDS. (1A)

◆ Use a conservative fluid strategy for patients with established
ALI who do not have evidence of tissue hypoperfusion. (1C)

◆ Use sedation protocols with a sedation goal for critically ill
mechanically ventilated patients. (1B)

◆ Use either intermittent bolus sedation or continuous infusion
sedation to predetermined end points (sedation scales), with
daily interruption/ lightening to produce awakening. Re-titrate 
if necessary. (1B)

◆ Avoid neuromuscular blockers where possible. Monitor depth 
of block with train of four when using continuous infusions. (1B)

◆ Use IV insulin to control hyperglycaemia in patients with severe
sepsis following stabilisation in the ICU. (1B)

◆◆◆◆ Aim to keep blood glucose <8.3 mmol/L (150 mg/dl) using a
validated protocol for insulin dose adjustment. (2C)

◆ Provide a glucose calorie source and monitor blood glucose val-
ues every 1-2 hours (4 hours when stable) in patients receiving
intravenous insulin. (1C)

◆ Interpret with caution low glucose levels obtained with point 
of care testing, as these techniques may overestimate arterial
blood or plasma glucose values. (1B)

◆◆◆◆ Intermittent haemodialysis and continuous veno-venous
haemofiltration (CVVH) are considered equivalent.(2B)

◆◆◆◆ CVVH offers easier management in haemodynamically unstable
patients.(2D)

◆ Do not use bicarbonate therapy for the purpose of improving 
haemo dynamics or reducing vasopressor requirements when
treating hypo perfusion-induced lactic acidaemia with pH ≥
7.15. (1B)

◆ Use either low-dose unfractionated heparin (UFH) or low-molec-
ular weight heparin (LMWH), unless contraindicated. (1A)

◆ Use a mechanical prophylactic device, such as compression
stockings or an intermittent compression device, when heparin
is contra indicated. (1A)

◆◆◆◆ Use a combination of pharmacologic and mechanical therapy 
for patients who are at very high risk for DVT. (2C)

◆◆◆◆ In patients at very high risk LMWH should be used rather than
UFH. (2C)

◆ Provide stress ulcer prophylaxis using H2 blocker (1A) or proton
pump inhibitor (1B). Benefits of prevention of upper GI bleed
must be weighed against the potential for development of venti-
lator-acquired pneumonia.

◆ Discuss advance care planning with patients and families. 
Describe likely outcomes and set realistic expectations. (1D)
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Fluid therapy - first 3 hours


 Crystalloids fluid of choice (can use albumin, not HES) at ~ 30 mL/kg


 Fluid challenge can be applied as long as improvement in : 


 dynamic   

ex. pulse pressure variation, stroke volume variation


	 static
  

ex. BP, heart rate


Remember -  50% of patients are not fluid responsive!

 
 
 
 
 
Recommendations: Initial Resuscitation and Infection Issues* 
 
A. Initial Resuscitation 
 
1. Protocolized, quantitative resuscitation of patients with sepsis-induced tissue 
hypoperfusion (defined in this document as hypotension persisting after initial fluid 
challenge or blood lactate concentration ��4 mmol/L). Goals during the first 6 hrs of 
resuscitation: 
 a) Central venous pressure 8–12 mm Hg 
 b) Mean arterial pressure (MAP) ��65 mm Hg 
 c) Urine output ��0.5 mL/kg/hr 
 d) Central venous (superior vena cava) or mixed venous oxygen saturation 70% or 65%, 
respectively (grade 1C). 
 
2. In patients with elevated lactate levels targeting resuscitation to normalize lactate 
(grade 2C). 
 
B. Screening for Sepsis and Performance Improvement 
 
1. Routine screening of potentially infected seriously ill patients for severe sepsis to allow 
earlier implementation of therapy (grade 1C). 
 
2. Hospital–based performance improvement efforts in severe sepsis (UG). 
 
C. Diagnosis 
 
1. Cultures as clinically appropriate before antimicrobial therapy if no significant delay 
(> 45 mins) in the start of antimicrobial(s) (grade 1C). At least 2 sets of blood cultures 
(both aerobic and anaerobic bottles) be obtained before antimicrobial therapy with at least 
1 drawn percutaneously and 1 drawn through each vascular access device, unless the 
device was recently (<48 hrs) inserted (grade 1C). 
 
2. Use of the 1,3 beta-D-glucan assay (grade 2B), mannan and anti-mannan antibody 
assays (2C), if available, and invasive candidiasis is in differential diagnosis of cause of 
infection. 
 
3. Imaging studies performed promptly to confirm a potential source of infection (UG). 
 
 
 
 

CCM 2013;41:580-637



Vasopressors 

Noradrenaline the first choice


Adrenaline when an additional agent needed


Vasopressin (0.03 U/min) can be added to noradrenaline if necessary


Dopamine as an alternative only in highly selected cases (rel bradycardia)


Dobutamine added if:


myocardial dysfunction


ongoing hypoperfusion despite adequate volume and BP

 
 
 
 
 
Recommendations: Initial Resuscitation and Infection Issues* 
 
A. Initial Resuscitation 
 
1. Protocolized, quantitative resuscitation of patients with sepsis-induced tissue 
hypoperfusion (defined in this document as hypotension persisting after initial fluid 
challenge or blood lactate concentration ��4 mmol/L). Goals during the first 6 hrs of 
resuscitation: 
 a) Central venous pressure 8–12 mm Hg 
 b) Mean arterial pressure (MAP) ��65 mm Hg 
 c) Urine output ��0.5 mL/kg/hr 
 d) Central venous (superior vena cava) or mixed venous oxygen saturation 70% or 65%, 
respectively (grade 1C). 
 
2. In patients with elevated lactate levels targeting resuscitation to normalize lactate 
(grade 2C). 
 
B. Screening for Sepsis and Performance Improvement 
 
1. Routine screening of potentially infected seriously ill patients for severe sepsis to allow 
earlier implementation of therapy (grade 1C). 
 
2. Hospital–based performance improvement efforts in severe sepsis (UG). 
 
C. Diagnosis 
 
1. Cultures as clinically appropriate before antimicrobial therapy if no significant delay 
(> 45 mins) in the start of antimicrobial(s) (grade 1C). At least 2 sets of blood cultures 
(both aerobic and anaerobic bottles) be obtained before antimicrobial therapy with at least 
1 drawn percutaneously and 1 drawn through each vascular access device, unless the 
device was recently (<48 hrs) inserted (grade 1C). 
 
2. Use of the 1,3 beta-D-glucan assay (grade 2B), mannan and anti-mannan antibody 
assays (2C), if available, and invasive candidiasis is in differential diagnosis of cause of 
infection. 
 
3. Imaging studies performed promptly to confirm a potential source of infection (UG). 
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Fill the heart

Optimize fluids first, .....then inotropes!

Remember only 50%  
will adequately respond to fluid!



J Trauma 2008;64:9-14

“These findings provide evidence that the early use of 
vasopressors for hemodynamic support after hemorrhagic 
shock may be deleterious, and should be used cautiously..”

Dr. David Plurad.-Annual meeting of the American Association for the Surgery of Trauma- 2010.

“In critically injured patients, early treatment with 
vasopressors was associated with more than an 
11-fold increase in risk of death”



Critical Care 2010, 14:R142

But!!!

Why preload?

“Early administration of norepinephrine in severely hypotensive 
septic-shock patients increased cardiac output through an 
increase in cardiac preload and cardiac contractility”

Before NorAdr After NorAdr

MAP 54 76

Cardiac Index 3.2 3.6

Cardiac Function Index 4.7 5

Global End Diastolic 
Index 694 742

Stroke Volume 
Variation 13 9



arterial flow

Residual Volume

Mobilisable Volume

Because......

Venoconstriction

arterial flow

Residual Volume

Mobilisable VolumeMCP = 

That’s why understanding the physiology driving 
venous return is important!

Vasopressors are 5 X more potent on the venous (capacity) side 
then on the arterial (resistance) side
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ABSTRACT—We sought to determine (a) if early lactate clearance is associated with improved survival in emergency
department patients with severe sepsis and (b) the concordance between central venous oxygen saturation (ScvO2)
optimization and lactate clearance during early sepsis resuscitation. Within a multicenter shock research network that uses
quantitative resuscitation for severe sepsis, we analyzed prospectively collected registries of consecutive emergency
department patients diagnosed with severe sepsis at three urban hospitals. Inclusion criteria are as follows: (a) age older
than 17 years, (b) two or more systemic inflammation criteria, (c) systolic blood pressure 90 mmHg or less after fluid
challenge or initial lactate of 4mmol/L or greater, and (d ) initial and repeat lactate measurement within 6 h of resuscitation
initiation. We stratified patients into two groups defined a priori based on previously published data: (a) lactate
clearanceVrepeat lactate decrease by 10% or greater from initial (or both initial and repeat levels e2.0 mmol/L), and (b)
lactate non-clearanceVrepeat lactate decrease by less than 10% from initial. The primary outcome was in-hospital
mortality. Among 166 patients, lactate non-clearance occurred in 15 (9%) of 166. Mortality was 60% for lactate non-
clearance versus 19% for lactate clearance, P G 0.001. On multivariate analysis, lactate non-clearance was an
independent predictor of death (odds ratio, 4.9 [confidence interval, 1.5Y15.9]). We found discordance between ScvO2
optimization and lactate clearance; 79% of lactate non-clearance had concomitant ScvO2 of 70% or greater. In this
multicenter cohort of sepsis patients, failing to clear lactate during resuscitation carried a high risk of death, and ScvO2
optimization did not reliably exclude lactate non-clearance. These data provide rationale for a clinical trial of lactate
clearance as a distinct end point of early sepsis resuscitation.

KEYWORDS—Shock, severe sepsis, resuscitation, lactic acid, emergency medicine

INTRODUCTION

Severe sepsis is the most common cause of death in
critically ill patients (1). The effectiveness of early resuscita-
tion is an important determinant of sepsis survival (2).
Specifically, early quantitative resuscitation, the use of a
structured set of cardiovascular interventions targeting pre-
defined hemodynamic end points, can have a profound effect
on hospital mortality (3). Currently, international consensus
treatment guidelines recommend a quantitative resuscitation
strategy that includes targeting central venous oxygen satu-
ration (ScvO2) of 70% or greater in the first 6 h of severe
sepsis therapy (4). However, the optimal end points of sepsis
resuscitation remain controversial (5, 6).
Serum lactate elevation is an important marker of impaired

tissue perfusion in patients with sepsis and is often elevated even

in the absence of arterial hypotension (7). Numerous studies
show that a single early lactate measurement has important
prognostic significance and predicts mortality in populations of
patients with infection (8, 9). A small number of studies have
previously reported that serial measurements of lactate have
potential prognostic value during conventional sepsis manage-
ment (10Y12); however, it is not known if lactate clearance is
associated with survival in the context of medical centers that
have adopted and routinely perform aggressive quantitative
resuscitation for severe sepsis. In addition, it is not known if
lactate clearance is important independent of other recommen-
ded quantitative resuscitation end points, specifically ScvO2.

The objectives of this study were to determine (a) if early
lactate clearance is associated with improved survival in
emergency department (ED) patients with severe sepsis and
(b) the concordance between ScvO2 optimization and lactate
clearance during early sepsis resuscitation.

METHODS

Setting and study design
We analyzed prospectively collected registries of consecutive ED patients

diagnosed with severe sepsis at three urban hospitals. The three hospitals are
part of a multicenter research collaborative (Emergency Medicine Shock
Research Network) (13), where each institution uses ED-based protocolY
directed quantitative resuscitation for patients with severe sepsis (14Y16).
The registries were compiled between 2004 and 2007 and were approved
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10:1 necessary for multivariate modeling (21, 22); and (c) the multivariate
model would need to, at a minimum, include the following covariates that
have previously been shown to differentiate sepsis survivors from non-
survivors: arterial hypotension (23), failure to achieve ScvO2 70% or greater
(2), and lactate non-clearance (12). To accrue the necessary 30 cases of
mortality to test these three covariates in a multivariate model, we estimated
that a minimum of 120 total cases would be necessary.

RESULTS

Characteristics of study cohort

There were 166 subjects who met inclusion criteria. The
overall mortality rate was 23% (38/166). Table 1 shows
characteristics of the entire cohort. Of the 166 subjects, 110
came from center 1, 22 came from center 2, and 34 came from
center 3. Using multivariate analysis, there was no apparent
center effect on in-hospital mortality.

The quantitative resuscitation algorithm targeting ScvO2
70% or greater was successfully initiated in the ED in 148
(89%) of 166 study subjects. Study patients received an
average of 4.4 L (95% CI, 4.1Y4.7 L) of i.v. crystalloid fluid
during their ED resuscitation. Lactate non-clearance occurred
in 15 (9%) of 166, and the remainder (151/166, 91%) cleared
lactate.

Lactate clearance versus lactate non-clearance

Table 2 displays data for comparison between lactate
clearance and lactate non-clearance groups. Mortality was
60% in the lactate non-clearance group versus 19% in the
lactate clearance group (proportion difference, 41% [95% CI,
19%Y63%; P G 0.001]). Vasopressor use was not significantly
dissimilar between the groups (lactate non-clearance: 11/15 or
73%, and lactate clearance: 87/151 or 58%; P = 0.39). Figure 2
displays the Kaplan-Meier curves for survival fractions over
time. The curves diverge significantly by log-rank test (P =
0.003). There was no significant difference in achievement of

TABLE 1. Characteristics of the study cohort (n = 166)

Age, mean (SD), y 66 (15)

Sex, % female, n (%) 83 (50)

Suspected source of infection in ED, n (%)
Urinary tract 46 (28)

Pneumonia 22 (13)

Skin/soft tissue 23 (14)

Intra-abdominal 14 (8)

Line/device 10 (6)

Other 7 (4)
Unknown primary source 44 (27)

Signs of systemic inflammation, n (%)

Body temperature 938-C or G36-C 131 (79)

Heart rate 990 beats/min 140 (84)

Respiratory rate 920 breaths/min 137 (83)

White blood cell count, 912,000 or G4,000/2L 121 (73)

SBP G90 mmHg despite i.v. fluids, n (%) 91 (55)

Initial serum lactate 94 mmol/L, n (%) 90 (54)

Vasopressor use in ED, n (%) 39 (23)

Individual organ failures, n (%)

Cardiovascular 63 (44)

Pulmonary 28 (17)

Renal 54 (33)

Hepatic 14 (8)

Coagulopathy 23 (14)

Acidosis 140 (84)
Total SOFA score, mean (SD) 3.6 (2.6)

Mortality, n (%) 38 (23)

SOFA, Sequential Organ Failure Assessment; ED, Emergency
Department.

TABLE 2. Lactate clearance versus lactate non-clearance

Lactate
clearance
(n = 151)

Lactate
non-clearance

(n = 15) P

Age, mean (SD), y 67 (15) 62 (16) 0.22

SBP G90 mmHg despite i.v.
fluids, n (%)

50 (33) 13 (87) 0.02

Initial serum lactate, mean (SD) 4.5 (2.7) 3.9 (1.7) 0.08

Serial serum lactate, mean (SD) 2.3 (1.8) 5.1 (2.9) G0.001

Vasopressor usage, n (%) 87 (58) 11 (73) 0.39

Individual organ failure, n (%)

Cardiovascular 50 (33) 13 (87) G0.001

Pulmonary 25 (17) 3 (20) 0.94

Renal 48 (32) 6 (40) 0.73

Hepatic 12 (8) 2 (13) 0.86

Coagulopathy 18 (12) 5 (33) 0.06

Total SOFA score, mean (SD) 3.6 (2.6) 4.1 (2.3) 0.47

Continuous ScvO2 monitoring,
n (%)

134 (81) 14 (93) 0.42

ScvO2 Q70% achieved 114 (85) 11 (79) 0.84

Mortality, n (%) 29 (19) 9 (60) G0.001

Characteristics of study subjects with lactate clearance (910%) and non-
clearance (G10%) over the first 6 h (n = 166).
SOFA, Sequential Organ Failure Assessment; ED, Emergency
Department.

FIG. 2. Kaplan-Meier survival curves. This graph depicts survival curves
over time for lactate clearance (lactate decrease by Q10%) and lactate non-
clearance (lactate decrease G10%) groups. The curves diverge significantly
by log-rank test (P = 0.003).

TABLE 3. Lactate clearance and ScvO2 goals

Lactate non-clearance Lactate clearance Total

ScvO2 G70% 3 20 23

ScvO2 Q70% 11 114 125

14 134 148

Among 148 subjects in whom ScvO2 was targeted as an end point of
resuscitation, this table depicts the lack of concordance between lactate
clearance and ScvO2. There was no evidence of a relationship between
lactate clearance and ScvO2 (Fisher exact test, P = 0.457).
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the ScvO2 goal between the two groups (85% lactate clearance
vs. 79% lactate non-clearance; proportional difference, 6%
[95% CI, j14% to 26%]; P = 0.84). Table 3 is a 2 ! 2 table
comparing the concordance of ScvO2 measurement with
lactate clearance. There was no evidence of a relationship
between lactate clearance and ScvO2 (Fisher exact test, P =
0.457). We found discordance between the two measure-
ments. Specifically, 79% of lactate non-clearance had con-
comitant ScvO2 70% or greater.

Survivors versus nonsurvivors

Table 4 compares survivors with nonsurvivors. On bivariate
analysis, there were four factors that were significantly
different (P G 0.05) between survivors and nonsurvivors: (a)
initial cardiovascular organ failure (initial SBP G90 mmHg),
(b) persistent hypotension (SBP G90 mmHg) despite intra-
venous fluids, (c) maximum ScvO2 less than 70%, and (d )
lactate non-clearance. Table 5 shows the results for the multi-
variate logistic regression model. Because ScvO2 had a signif-
icant association with mortality in the bivariate analysis, we
limited the regression model to include only subjects in whom
ScvO2 was measured continuously (n = 148). We omitted one of
the two hypotension-related covariates (initial SBP G90 mmHg)
from inclusion in the model on the grounds that it could be
collinear with the persistent hypotension covariate. Lactate non-
clearance was found to be a strong independent predictor of in-
hospital mortality (odds ratio, 4.9; 95% CI, 1.5Y15.9).

DISCUSSION

In this multicenter sample of ED patients with severe
sepsis, we found that early lactate clearance was a strong
independent predictor of in-hospital death. In addition,
optimization of ScvO2 during resuscitation was not sufficient
to exclude lactate non-clearance. This is the first study to
evaluate the impact of lactate clearance on survival in the
presence of a protocol-directed quantitative resuscitation

algorithm for the treatment of patients with severe sepsis,
and to date, this is the largest study evaluating lactate
clearance in patients with sepsis (10Y12).

The cause of an elevated serum lactate in patients with
sepsis can be multifactorial. Although lactate elevation may
result from acute tissue hypoperfusion and anaerobic metab-
olism (24), other possible causes may include (a) sepsis-
induced impairment of pyruvate-dehydrogenase enzyme
activity (25), (b) increased lactate production via catechol-
amine-driven pathways (26Y28), and (c) decreased lactate
clearance due to hepatic dysfunction (29, 30). However,
regardless of etiology of an elevated serum lactate, lactate
elevation in sepsis has been consistently linked to increased
mortality (7Y12). Although initial reports of lactate clearance
in sepsis were published more than 15 years ago (10),
evaluating lactate trends during resuscitation is not yet part
of the current consensus recommendations for sepsis manage-
ment (4) and is not routinely performed in practice. While
optimizing ScvO2 could in theory be a single comprehensive
monitor of the systemic balance between global oxygen
delivery and consumption in sepsis patients with circulatory
shock (2, 4), our data show that assessment of lactate
clearance is important as a predictor of mortality independent
of achievement of ScvO2 goals and that tracking ScvO2 does
not reliably reflect the effectiveness of lactate clearance
during resuscitation. Therefore, these data suggest that serial
lactate measurement may provide unique and important
information on resuscitation effectiveness.

We acknowledge important limitations in interpreting these
results. First, this is a nonexperimental observational study
and as such can detect only the association between lactate
clearance and mortality but cannot establish cause and effect.
Second, because performing serial lactate measurement in
patients with sepsis is not a mandatory practice in our centers
and measurements are performed at the discretion of the
clinician, this could potentially represent a source of selection
bias. Third, there was a relatively low incidence (9%) of
lactate non-clearance in this cohort. This may be attributable
to highly aggressive resuscitation practices in the EDs of the
participating centers (14Y16). In the only other ED-based
study of lactate clearance in severe sepsis, Nguyen et al. (12)
reported a lactate non-clearance rate of 29% using the same
cutoffs for clearance and non-clearance used in this study. One
potential explanation for this disparity is the aggressiveness of
crystalloid resuscitation administered in the first 6 h, 4.4 L

TABLE 4. Survivors versus nonsurvivors (n = 166)

Survivors
(n = 128)

Nonsurvivors
(n = 38) P

Age, mean (SD), y 66 (15) 66 (16) 1.00

SBP G90 mmHg despite i.v.
fluids, n (%)

42 (33) 21 (55) 0.02

Initial serum lactate, mean (SD) 4.3 (2.6) 4.7 (2.8) 0.41

Serial serum lactate, mean (SD) 2.2 (1.6) 3.6 (2.8) G0.001

Individual organ failure, n (%)

Cardiovascular 42 (33) 21 (55) 0.02

Pulmonary 20 (16) 8 (21) 0.64

Renal 43 (34) 11 (29) 0.70

Hepatic 9 (7) 5 (13) 0.40

Coagulopathy 15 (12) 8 (21) 0.26

Total SOFA score, mean (SD) 3.6 (2.6) 3.7 (2.7) 0.84

Continuous ScvO2 monitoring,
n (%)

112 (87) 36 (95) 0.28

ScvO2 Q70% achieved, n (%) 99 (88) 26 (72) 0.03

Lactate clearance Q10%, n (%) 122 (95) 29 (76) 0.001

TABLE 5. Multivariate logistic regression analysis

Variable Coefficient
Odds
ratio

95% CIs for odds
ratio

Lactate non-clearance 1.59 4.9 1.5Y15.9

Maximum ScvO2 G70% 1.05 2.7 1.1Y7.6

Hypotension despite fluid
challenge

0.10 1.1 0.5Y2.5

Factors associated with increased mortality on bivariate analysis were
evaluated with in-hospital mortality as the dependent variable (n = 148)
Logistic regression model was limited to subjects for which ScvO2 was
measured continuously (148/166).
lactate non-clearance = less than 10% decrease in repeat lactate value;
hypotension = SBP G90 mmHg after a 20-mL/kg i.v. fluid bolus.
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Lactate Clearance As a Sign of Resuscitation



◆ Begin resuscitation immediately in patients with hypotension or
elevated serum lactate >4mmol/l; do not delay pending ICU
admission. (1C)

◆ Resuscitation goals: (1C)
• Central venous pressure (CVP) 8–12 mm Hg*
• Mean arterial pressure ≥ 65 mm Hg
• Urine output ≥ 0.5 mL.kg-1.hr-1

• Central venous (superior vena cava) oxygen saturation ≥ 70%,
or mixed venous ≥ 65%

◆◆◆◆ If venous O2 saturation target not achieved: (2C)
• consider further fluid
• transfuse packed red blood cells if required to haematocrit of ≥ 30% 

and/or
• dobutamine infusion max 20 µg.kg-1.min-1

* A higher target CVP of 12-15 mmHg is recommended in the presence of
mechanical ventilation or pre-existing decreased ventricular compliance.

◆ Obtain appropriate cultures before starting antibiotics provided
this does not significantly delay antimicrobial administration.(1C)
• Obtain two or more blood cultures (BCs)
• One or more BCs should be percutaneous
• One BC from each vascular access device in place >48 hours
• Culture other sites as clinically indicated

◆ Perform imaging studies promptly in order to confirm and 
sample any source of infection; if safe to do so. (1C)

◆ Begin intravenous antibiotics as early as possible, and always
within the first hour of recognising severe sepsis (1D) and sep-
tic shock. (1B)

◆ Broad-spectrum: one or more agents active against likely bacte-
rial/fungal pathogens and with good penetration into presumed
source. (1B)

◆ Reassess antimicrobial regimen daily to optimise efficacy, 
prevent resistance, avoid toxicity & minimise costs. (1C)

◆◆◆◆ Consider combination therapy in Pseudomonas infections. (2D)

◆◆◆◆ Consider combination empiric therapy in neutropenic patients.(2D)

◆◆◆◆ Combination therapy no more than 3-5 days and de-escalation
following susceptibilities. (2D)

◆ Duration of therapy typically limited to 7–10 days; longer if
response slow, undrainable foci of infection, or immunologic
deficiencies. (1D)

◆ Stop antimicrobial therapy if cause is found to be non-infec-
tious. (1D)

◆ A specific anatomic site of infection should be established 
as rapidly as possible(1C) and within the first 6 hours of presen-
tation. (1D)

◆ Formally evaluate patient for a focus of infection amenable to
source control measures (eg: abscess drainage, tissue debride-
ment). (1C)

◆ Implement source control measures as soon as possible follow-
ing successful initial resuscitation. (1C)

◆◆◆◆ Exception: infected pancreatic necrosis, where surgical inter-
vention best delayed. (2B)

◆ Choose source control measure with maximum efficacy and 
minimal physiologic upset. (1D)

◆ Remove intravascular access devices if potentially infected. (1C)

◆ Fluid-resuscitate using crystalloids or colloids. (1B)

◆ Target a CVP of ≥ 8mmHg (≥12mmHg if mechanically vent -
ilated). (1C)

◆ Use a fluid challenge technique while associated with a haemo-
dynamic improvement. (1D)

◆ Give fluid challenges of 1000 ml of crystalloids or 300–500 ml
of colloids over 30 minutes.  More rapid and larger volumes 
may be required in sepsis-induced tissue hypoperfusion. (1D)

◆ Rate of fluid administration should be reduced if cardiac filling
pressures increase without concurrent haemodynamic improve-
ment. (1D)

◆ Maintain MAP ≥ 65mmHg.(1C)

◆ Norepinephrine or dopamine centrally administered are the 
initial vasopressors of choice.(1C)

◆ Epinephrine, phenylephrine or vasopressin should not be
administered as the initial vasopressor in septic shock. (2C)
• Vasopressin 0.03 units/min maybe subsequently added to norepineph-

rine with anticipation of an effect equivalent to norepinephrine alone.

◆ Use epinephrine as the first alternative agent in septic shock
when blood pressure is poorly responsive to norepinephrine 
or dopamine.(2B)

◆ Do not use low-dose dopamine for renal protection. (1A)

◆ In patients requiring vasopressors, insert an arterial catheter 
as soon as practical. (1D)

◆ Use dobutamine in patients with myocardial dysfunction as 
supported by elevated cardiac filling pressures and low cardiac
output. (1C)

◆ Do not increase cardiac index to predetermined supranormal
levels. (1B)

◆◆◆◆ Consider intravenous hydrocortisone for adult septic shock
when hypotension remains  poorly responsive to adequate fluid
resuscitation and vasopressors. (2C)

◆◆◆◆ ACTH stimulation test is not recommended to identify the subset
of adults with septic shock who should receive hydro
cortisone. (2B)

◆◆◆◆ Hydrocortisone is preferred to dexamethasone.(2B)

◆◆◆◆ Fludrocortisone (50 µg orally once a day) may be included if 
an alternative to hydrocortisone is being used which lacks 
significant mineralocorticoid activity. Fludrocortisone is optional
if hydrocortisone is used. (2C)

◆◆◆◆ Steroid therapy may be weaned once vasopressors are no
longer required. (2D) 

◆ Hydrocortisone dose should be <300mg/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)

◆◆◆◆ Consider rhAPC in adult patients with sepsis-induced organ 
dysfunction with clinical assessment of high risk of death (typi-
cally APACHE II ≥ 25 or multiple organ failure) if there are no
contraindications. (2B; 2C for post-operative patients)

◆ Adult patients with severe sepsis and low risk of death 
(eg: APACHE II <20 or one organ failure) should not receive
rhAPC. (1A)

◆ Give red blood cells when haemoglobin decreases to <7.0 g/dl 
(<70 g/L) to target a haemoglobin of 7.0 – 9.0 g/dl in adults. (1B)
A higher haemoglobin level may be required in special circumstances 
(eg: myo cardial ischaemia, severe hypoxaemia, acute haemorrhage, 
cyanotic heart disease or lactic acidosis)

◆ Do not use erythropoietin to treat sepsis-related anaemia.
Erythropoietin may be used for other accepted reasons. (1B)

◆◆◆◆ Do not use fresh frozen plasma to correct laboratory clotting
abnormalities unless there is bleeding or planned invasive pro-
cedures. (2D)

◆ Do not use antithrombin therapy. (1B)

◆◆◆◆ Administer platelets when: (2D)
- counts are <5000/mm3 (5 X 109/L) regardless of bleeding. 
- counts are 5000 to 30,000/mm3 (5–30 X 109/L) and there is significant 

bleeding risk.
- Higher platelet counts ≥ 50,000/mm3 (50 X 109/L) are typically required 

for surgery or invasive procedures.

◆ Target a tidal volume of 6ml/kg (predicted) body weight in
patients with ALI/ARDS. (1B)

◆ Target an initial upper limit plateau pressure ≤30cmH2O. 
Consider chest wall compliance when assessing plateau pres-
sure. (1C)

◆ Allow PaCO2 to increase above normal, if needed to minimise
plateau pressures and tidal volumes. (1C)

◆ Positive end expiratory pressure (PEEP) should be set to avoid
extensive lung collapse at end  expiration. (1C)

◆◆◆◆ Consider using the prone position for ARDS patients requiring
potentially injurious levels of FiO2 or plateau pressure, provided
they are not put at risk from positional changes. (2C)

◆ Maintain mechanically ventilated patients in a semi-recumbent
position unless contraindicated.(1B) 
◆◆◆◆ Suggested target elevation 30 - 45 degrees.(2C)

◆◆◆◆ Non invasive ventilation may be considered in the minority of
ALI/ARDS patients with mild-moderate hypoxemic respiratory
failure. The patients need to be haemodynamically stable, com-
fortable, easily arousable, able to protect/clear their airway and
expected to recover rapidly. (2B)

◆ Use a weaning protocol and a spontaneous breathing trial (SBT)
regularly to evaluate the potential for discontinuing mechanical
ventilation. (1A)
• SBT options include a low level of pressure support with continuous
positive 

airway pressure 5 cm H2O or a T-piece. 
• Before the SBT, patients should: 

– be arousable 
– be haemodynamically stable without vasopressors 
– have no new potentially serious conditions
– have low ventilatory and end-expiratory pressure requirement
– require FiO2 levels that can be safely delivered with a face mask or

nasal cannula

◆ Do not use a pulmonary artery catheter for the routine monitor-
ing of patients with ALI/ARDS. (1A)

◆ Use a conservative fluid strategy for patients with established
ALI who do not have evidence of tissue hypoperfusion. (1C)

◆ Use sedation protocols with a sedation goal for critically ill
mechanically ventilated patients. (1B)

◆ Use either intermittent bolus sedation or continuous infusion
sedation to predetermined end points (sedation scales), with
daily interruption/ lightening to produce awakening. Re-titrate 
if necessary. (1B)

◆ Avoid neuromuscular blockers where possible. Monitor depth 
of block with train of four when using continuous infusions. (1B)

◆ Use IV insulin to control hyperglycaemia in patients with severe
sepsis following stabilisation in the ICU. (1B)

◆◆◆◆ Aim to keep blood glucose <8.3 mmol/L (150 mg/dl) using a
validated protocol for insulin dose adjustment. (2C)

◆ Provide a glucose calorie source and monitor blood glucose val-
ues every 1-2 hours (4 hours when stable) in patients receiving
intravenous insulin. (1C)

◆ Interpret with caution low glucose levels obtained with point 
of care testing, as these techniques may overestimate arterial
blood or plasma glucose values. (1B)

◆◆◆◆ Intermittent haemodialysis and continuous veno-venous
haemofiltration (CVVH) are considered equivalent.(2B)

◆◆◆◆ CVVH offers easier management in haemodynamically unstable
patients.(2D)

◆ Do not use bicarbonate therapy for the purpose of improving 
haemo dynamics or reducing vasopressor requirements when
treating hypo perfusion-induced lactic acidaemia with pH ≥
7.15. (1B)

◆ Use either low-dose unfractionated heparin (UFH) or low-molec-
ular weight heparin (LMWH), unless contraindicated. (1A)

◆ Use a mechanical prophylactic device, such as compression
stockings or an intermittent compression device, when heparin
is contra indicated. (1A)

◆◆◆◆ Use a combination of pharmacologic and mechanical therapy 
for patients who are at very high risk for DVT. (2C)

◆◆◆◆ In patients at very high risk LMWH should be used rather than
UFH. (2C)

◆ Provide stress ulcer prophylaxis using H2 blocker (1A) or proton
pump inhibitor (1B). Benefits of prevention of upper GI bleed
must be weighed against the potential for development of venti-
lator-acquired pneumonia.

◆ Discuss advance care planning with patients and families. 
Describe likely outcomes and set realistic expectations. (1D)
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As many people die of sepsis as of myocardial 
infarction


We should adopt the same “door to needle”sense 
of urgency as with fibrinolysis in STEMI


Delay = lives lost!


CCM 2009;36(1):296-327

“There is not a moment to lose”

◆ Begin resuscitation immediately in patients with hypotension or
elevated serum lactate >4mmol/l; do not delay pending ICU
admission. (1C)

◆ Resuscitation goals: (1C)
• Central venous pressure (CVP) 8–12 mm Hg*
• Mean arterial pressure ≥ 65 mm Hg
• Urine output ≥ 0.5 mL.kg-1.hr-1

• Central venous (superior vena cava) oxygen saturation ≥ 70%,
or mixed venous ≥ 65%

◆◆◆◆ If venous O2 saturation target not achieved: (2C)
• consider further fluid
• transfuse packed red blood cells if required to haematocrit of ≥ 30% 

and/or
• dobutamine infusion max 20 µg.kg-1.min-1

* A higher target CVP of 12-15 mmHg is recommended in the presence of
mechanical ventilation or pre-existing decreased ventricular compliance.

◆ Obtain appropriate cultures before starting antibiotics provided
this does not significantly delay antimicrobial administration.(1C)
• Obtain two or more blood cultures (BCs)
• One or more BCs should be percutaneous
• One BC from each vascular access device in place >48 hours
• Culture other sites as clinically indicated

◆ Perform imaging studies promptly in order to confirm and 
sample any source of infection; if safe to do so. (1C)

◆ Begin intravenous antibiotics as early as possible, and always
within the first hour of recognising severe sepsis (1D) and sep-
tic shock. (1B)

◆ Broad-spectrum: one or more agents active against likely bacte-
rial/fungal pathogens and with good penetration into presumed
source. (1B)

◆ Reassess antimicrobial regimen daily to optimise efficacy, 
prevent resistance, avoid toxicity & minimise costs. (1C)

◆◆◆◆ Consider combination therapy in Pseudomonas infections. (2D)

◆◆◆◆ Consider combination empiric therapy in neutropenic patients.(2D)

◆◆◆◆ Combination therapy no more than 3-5 days and de-escalation
following susceptibilities. (2D)

◆ Duration of therapy typically limited to 7–10 days; longer if
response slow, undrainable foci of infection, or immunologic
deficiencies. (1D)

◆ Stop antimicrobial therapy if cause is found to be non-infec-
tious. (1D)

◆ A specific anatomic site of infection should be established 
as rapidly as possible(1C) and within the first 6 hours of presen-
tation. (1D)

◆ Formally evaluate patient for a focus of infection amenable to
source control measures (eg: abscess drainage, tissue debride-
ment). (1C)

◆ Implement source control measures as soon as possible follow-
ing successful initial resuscitation. (1C)

◆◆◆◆ Exception: infected pancreatic necrosis, where surgical inter-
vention best delayed. (2B)

◆ Choose source control measure with maximum efficacy and 
minimal physiologic upset. (1D)

◆ Remove intravascular access devices if potentially infected. (1C)

◆ Fluid-resuscitate using crystalloids or colloids. (1B)

◆ Target a CVP of ≥ 8mmHg (≥12mmHg if mechanically vent -
ilated). (1C)

◆ Use a fluid challenge technique while associated with a haemo-
dynamic improvement. (1D)

◆ Give fluid challenges of 1000 ml of crystalloids or 300–500 ml
of colloids over 30 minutes.  More rapid and larger volumes 
may be required in sepsis-induced tissue hypoperfusion. (1D)

◆ Rate of fluid administration should be reduced if cardiac filling
pressures increase without concurrent haemodynamic improve-
ment. (1D)

◆ Maintain MAP ≥ 65mmHg.(1C)

◆ Norepinephrine or dopamine centrally administered are the 
initial vasopressors of choice.(1C)

◆ Epinephrine, phenylephrine or vasopressin should not be
administered as the initial vasopressor in septic shock. (2C)
• Vasopressin 0.03 units/min maybe subsequently added to norepineph-

rine with anticipation of an effect equivalent to norepinephrine alone.

◆ Use epinephrine as the first alternative agent in septic shock
when blood pressure is poorly responsive to norepinephrine 
or dopamine.(2B)

◆ Do not use low-dose dopamine for renal protection. (1A)

◆ In patients requiring vasopressors, insert an arterial catheter 
as soon as practical. (1D)

◆ Use dobutamine in patients with myocardial dysfunction as 
supported by elevated cardiac filling pressures and low cardiac
output. (1C)

◆ Do not increase cardiac index to predetermined supranormal
levels. (1B)

◆◆◆◆ Consider intravenous hydrocortisone for adult septic shock
when hypotension remains  poorly responsive to adequate fluid
resuscitation and vasopressors. (2C)

◆◆◆◆ ACTH stimulation test is not recommended to identify the subset
of adults with septic shock who should receive hydro
cortisone. (2B)

◆◆◆◆ Hydrocortisone is preferred to dexamethasone.(2B)

◆◆◆◆ Fludrocortisone (50 µg orally once a day) may be included if 
an alternative to hydrocortisone is being used which lacks 
significant mineralocorticoid activity. Fludrocortisone is optional
if hydrocortisone is used. (2C)

◆◆◆◆ Steroid therapy may be weaned once vasopressors are no
longer required. (2D) 

◆ Hydrocortisone dose should be <300mg/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)

◆◆◆◆ Consider rhAPC in adult patients with sepsis-induced organ 
dysfunction with clinical assessment of high risk of death (typi-
cally APACHE II ≥ 25 or multiple organ failure) if there are no
contraindications. (2B; 2C for post-operative patients)

◆ Adult patients with severe sepsis and low risk of death 
(eg: APACHE II <20 or one organ failure) should not receive
rhAPC. (1A)

◆ Give red blood cells when haemoglobin decreases to <7.0 g/dl 
(<70 g/L) to target a haemoglobin of 7.0 – 9.0 g/dl in adults. (1B)
A higher haemoglobin level may be required in special circumstances 
(eg: myo cardial ischaemia, severe hypoxaemia, acute haemorrhage, 
cyanotic heart disease or lactic acidosis)

◆ Do not use erythropoietin to treat sepsis-related anaemia.
Erythropoietin may be used for other accepted reasons. (1B)

◆◆◆◆ Do not use fresh frozen plasma to correct laboratory clotting
abnormalities unless there is bleeding or planned invasive pro-
cedures. (2D)

◆ Do not use antithrombin therapy. (1B)

◆◆◆◆ Administer platelets when: (2D)
- counts are <5000/mm3 (5 X 109/L) regardless of bleeding. 
- counts are 5000 to 30,000/mm3 (5–30 X 109/L) and there is significant 

bleeding risk.
- Higher platelet counts ≥ 50,000/mm3 (50 X 109/L) are typically required 

for surgery or invasive procedures.

◆ Target a tidal volume of 6ml/kg (predicted) body weight in
patients with ALI/ARDS. (1B)

◆ Target an initial upper limit plateau pressure ≤30cmH2O. 
Consider chest wall compliance when assessing plateau pres-
sure. (1C)

◆ Allow PaCO2 to increase above normal, if needed to minimise
plateau pressures and tidal volumes. (1C)

◆ Positive end expiratory pressure (PEEP) should be set to avoid
extensive lung collapse at end  expiration. (1C)

◆◆◆◆ Consider using the prone position for ARDS patients requiring
potentially injurious levels of FiO2 or plateau pressure, provided
they are not put at risk from positional changes. (2C)

◆ Maintain mechanically ventilated patients in a semi-recumbent
position unless contraindicated.(1B) 
◆◆◆◆ Suggested target elevation 30 - 45 degrees.(2C)

◆◆◆◆ Non invasive ventilation may be considered in the minority of
ALI/ARDS patients with mild-moderate hypoxemic respiratory
failure. The patients need to be haemodynamically stable, com-
fortable, easily arousable, able to protect/clear their airway and
expected to recover rapidly. (2B)

◆ Use a weaning protocol and a spontaneous breathing trial (SBT)
regularly to evaluate the potential for discontinuing mechanical
ventilation. (1A)
• SBT options include a low level of pressure support with continuous
positive 

airway pressure 5 cm H2O or a T-piece. 
• Before the SBT, patients should: 

– be arousable 
– be haemodynamically stable without vasopressors 
– have no new potentially serious conditions
– have low ventilatory and end-expiratory pressure requirement
– require FiO2 levels that can be safely delivered with a face mask or

nasal cannula

◆ Do not use a pulmonary artery catheter for the routine monitor-
ing of patients with ALI/ARDS. (1A)

◆ Use a conservative fluid strategy for patients with established
ALI who do not have evidence of tissue hypoperfusion. (1C)

◆ Use sedation protocols with a sedation goal for critically ill
mechanically ventilated patients. (1B)

◆ Use either intermittent bolus sedation or continuous infusion
sedation to predetermined end points (sedation scales), with
daily interruption/ lightening to produce awakening. Re-titrate 
if necessary. (1B)

◆ Avoid neuromuscular blockers where possible. Monitor depth 
of block with train of four when using continuous infusions. (1B)

◆ Use IV insulin to control hyperglycaemia in patients with severe
sepsis following stabilisation in the ICU. (1B)

◆◆◆◆ Aim to keep blood glucose <8.3 mmol/L (150 mg/dl) using a
validated protocol for insulin dose adjustment. (2C)

◆ Provide a glucose calorie source and monitor blood glucose val-
ues every 1-2 hours (4 hours when stable) in patients receiving
intravenous insulin. (1C)

◆ Interpret with caution low glucose levels obtained with point 
of care testing, as these techniques may overestimate arterial
blood or plasma glucose values. (1B)

◆◆◆◆ Intermittent haemodialysis and continuous veno-venous
haemofiltration (CVVH) are considered equivalent.(2B)

◆◆◆◆ CVVH offers easier management in haemodynamically unstable
patients.(2D)

◆ Do not use bicarbonate therapy for the purpose of improving 
haemo dynamics or reducing vasopressor requirements when
treating hypo perfusion-induced lactic acidaemia with pH ≥
7.15. (1B)

◆ Use either low-dose unfractionated heparin (UFH) or low-molec-
ular weight heparin (LMWH), unless contraindicated. (1A)

◆ Use a mechanical prophylactic device, such as compression
stockings or an intermittent compression device, when heparin
is contra indicated. (1A)

◆◆◆◆ Use a combination of pharmacologic and mechanical therapy 
for patients who are at very high risk for DVT. (2C)

◆◆◆◆ In patients at very high risk LMWH should be used rather than
UFH. (2C)

◆ Provide stress ulcer prophylaxis using H2 blocker (1A) or proton
pump inhibitor (1B). Benefits of prevention of upper GI bleed
must be weighed against the potential for development of venti-
lator-acquired pneumonia.

◆ Discuss advance care planning with patients and families. 
Describe likely outcomes and set realistic expectations. (1D)
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presented in brackets after each guideline.
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◆ Indicates a strong recommendation or “we recommend”
◆◆◆◆ Indicates a weak recommendation or “we suggest”



Goals of todays talk

❖ Put vasoactive drugs role into overall treatment context


!

❖ Proof of what is best


❖ Consider the microcirculation

❖ Discuss individual drugs



Vasoactive agents - general comments

Consider : 

❖ Direct receptor effects 

❖ Reflex responses - overall effects are complex 
Ex. Noradrenaline causes tachycardia but 
vasoconstriction causes a reflex bradycardia 

❖ Veno vs arterial vasoconstriction 
Low doses mainly increase venous return by 
venoconstriction 
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Physiology of vasoconstriction/vasodilatation
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CV role of adrenergic receptors

α  ➔ vasoconstriction ➔ raises SVR / increases venous return 
NB. venous side more sensitive to low dose


β1  ➔ increases inotropy and heart rate 

β2  ➔ increased flow to skeletal muscles -> decreased 
peripheral resistance 

Dopamine receptors!
❖ DA 1 ➔ coronary, renal and mesenteric arterial relaxation 
❖ DA2  ➔ inhibit noradrenaline release



Dobutamine 
β1 > β2 > α

inotropic 
Vasodilatory

Dopamine

α

high dose 
α

α 1 - constriction

DA2 peripheral vasodilation

Opie 1998

Drug effects

β1 (β2)

inotropic

Noradrenaline 
β1 > α > β2

+

inotropic 
increased BP

Adrenaline 
β1 = β2 > α 

-

inotropic 
Dilator/constrictor

DA1

increased renal blood flow

(low dose)
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Isoprenaline 
!

Dopexamine 
!

Dobutamine 
!

Dopamine 
!

Adrenaline 
!

Noradrenaline 
!

Phenylephrine
Pressure

Flow

Effects of vasoactive catecholamines on  
pressure and flow



Individual vasoactive drugs



Drugs commonly used to treat shock
Drug � � 1 � 2 Dopamine Dose

Adrenaline!
�����	�

++++

(high dose )

++++

(low dose ) +++ - 0.01 -1.0 mcg/kg/min

Noradrenaline!
��	�	��

+++ +++ little - 0.01 -1.0 mcg/kg/min

Dopamine!
�������

�������������
�
��
�����
����

++/+++

(high dose ) 

++++

(low dose ) ++ +++ 2-20 mcg/kg/min

Dobutamine!
��	��	�

little ++++ ++ - 2 - 15 mcg/kg/min

Dopexamine!
���

�
��
�����
����

- little +++ - 1 - 10 mcg/kg/min

Arginine 
vasopressin!
��������

Vasoconstricts all vessels via non 
adrenergic receptor


Useful if not responsive to adrenergic 
agonists

Max. up to 4U/hr



Noradrenaline

❖ Receptors : potent � agonist, less �1, no �2 

❖ Vascular effects :  

Dose dependant - arterial and venous 
vasoconstriction 

❖ Cardiac effects : 

Moderate increase in stroke volume (10-15%) 

Heart rate/tachycardia (variable due to reflexes) 

❖ Uses : 

	First line agent in septic shock 

Vasodilation and cardiac dysfunction (ex. Sepsis/SIRS) 



!

❖ Dose : 
 0.03 - 1.0 mcg/kg/min - potent vasopressor 

❖ In septic patients noradrenaline  

➔ increased renal blood flow and urine output 

❖ Adverse effects :  

❖ increased myocardial O2 consumption 

❖ renal/splanchnic vasoconstriction ➔ renal ischaemia   

esp. if hypovolaemic (use with care)

Noradrenaline



Adrenaline
❖ Potent � and � 1+2,  � = � 

�1 ➔ venoconstriction -> increased venous return 

�2 ➔ increased flow to skeletal muscles -> decreased peripheral resistance 

❖ Doses  

Very low dose (0.01 - 0.05 mcg/kg/min) ➔ increased cardiac output 

Higher doses ➔�� receptors outweigh �2 vasodilation ➔ increase mean BP 

❖ Cardiac effects 

More potent effect on contractility than noradrenaline 

Increased heart rate/tachycardia  

❖ Uses  

When severe cardiac dysfunction is contributing to shock 

Cardiac arrest 

Anaphylactic shock



❖ 2nd line agent because :  

❖ decreased splanchnic/renal flow 

❖ tachyarrhythmias 

❖ myocardial ischaemia 

❖ Potential problems  

Care if on �blockers ➔ unopposed �activity ➔ 
hypertension 

Reduced splanchnic flow 

Increased myocardial workload ➔ ischaemia

Adrenaline



Noradrenaline vs Adrenaline
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!

V1 receptors  

❖ Baroreceptor function - Vasoconstricts all blood vessels via 
non adrenergic receptors 

❖ Relative deficiency in sepsis ( and other causes of refractory 
vasodilator shock) 

❖ Minimal pressor effect in normal subjects  

❖ Many who do not respond to catecholamines respond to 
Vasopressin 

Useful for drop in BP during GA if patient on ACEI / Angio II 
blockers and unresponsive to catecholamines (3rd system 
controlling BP)

Arginine Vasopressin



V2 receptors  

❖ Controls osmolality - primary function  

Acts on collecting duct to produce concentrated urine  

❖ Vasodilatation 

❖ Increase in von Willebrands factor and VIIIc


❖ Blood levels ~ 1-7 pcg/mL (cf. V1 10-200 pcg/mL) 

V3 receptors  

❖ In Anterior pituitary ➔ mediates release of ACTH

Arginine Vasopressin



❖ Vasodilatory shock

❖ Mediated by huge release of NO  

		 (also causes myocardial depression) 

❖ Maybe resistance to NorAdrenaline  

❖ AVP stores eventually depleted in post. pituitary 

❖ AVP acts by : 

❖ inhibits iNO


❖ restores action of Noradrenaline

Arginine Vasopressin in Septic Shock
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❖ Dose 

❖ 1 - 4 U/hr - effective since vasodilatory shock patients have blood 

levels ~ 1/10th expected 

❖ Decreases Noradrenaline requirements by 70% 

❖ AVP increases GFR by constricting the efferent arteriole in the 
glomerulus

❖ Adverse effects 

❖ Excess vasoconstriction ➔ end organ ischaemia  

❖ Never more then 4U/hr ➔ splanchnic/coronary vasoconstriction 

❖ Decreased cardiac output due to increased afterload

Arginine Vasopressin in Septic Shock



Dose

0.03 U/min Maybe ? 

Increased BP 
Increased diuresis

0.10 U/min

No ! 

Increased BP 
Decreased CO 
Altered splanchnic perfusion 
Pulmonary hypertension

Arginine Vasopressin



Dobutamine
❖ Receptors :  �1 > �2 
❖ Vascular effects :  vasodilation 
❖ Cardiac effects - lower doses 

Increased cardiac output - strong inotrope 

Increased heart rate 

Effect on BP variable 

❖ Uses 
Cardiogenic shock 

Refractory shock from sepsis 

❖ Potential problems 
Tachydysrhythmias 

Hypotension from �2 effects



Dopamine
❖ Precursor of Nor and adrenaline 

❖ Receptors : �, �1 > �2, dopaminergic 

❖ Effects - dose dependant : 

	 <5 mcg/kg/min - DA receptor -> vasodilation of renal/mesenteric 

	 5-10 mcg/kg/min - �1 receptor ➔ inotropic/chronotropic 

	 >10 mcg/kg/min - � receptor ➔ arterial vasoconstriction 

❖ Uses 

	 Shock from sepsis or SIRS 

	 No longer used in “renal doses” 

❖ Potential problems 

	 Dysrhythmias 

	 Raises Pulmonary arterial pressure



 These data demonstrate that dopamine at doses greater than 2 to 4 µg 
per kg per minute exerts a vasoconstrictor effect and increases heart 
rate and left ventricular filling pressure.

Dobutamine
Dopamine

0 2 4 6 8 10
mcg/kg/min
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1200
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70

80
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50Stroke  
Volume

30

Circulation 58:466–475, 1978

Dopamine vs. Dobutamine



If still unresponsive to fluids and 
vasoactive agents, don’t forget 

❖ Steroids 

Replacement doses (<200 mg hydrocortisone/
day) 

Restores adrenoceptor sensitivity 

❖ Methylene blue 

Inhibits production of excess NO 

2 mg/kg over 20 min 

Causes pulmonary vasoconstriction ...beware!Lancet;359:April 6, 2002



Goals of todays talk

❖ Put vasoactive drugs role into overall treatment context


❖ Discuss individual drugs


!

❖ Consider the microcirculation

❖ Proof of what is best



In Sepsis - does it matter 
which one we use?



Studies evaluating vasoactive drugs in 
septic shock
Study Patients Methods Conclusions

!
“SOAP-II”


study
1679 Multi-center


Randomized

No mortality difference betwen Nor and 
Dopamine.


More adverse effects (arrhythmias) with 
Dopamine 

Povoa-

“SACiUCI

”

study

458 Observational

(sub group analysis)

Dopa decreases mortality. Nor and dobut 
increase mortality

Annane 330
RCT


Nor +/- dobut vs. 
Adrenaline

No difference in any important outcome 
variable

Russell-

“VASST”


study
778 RCT


Nor vs Vasopressin
Better survival with vasopressin in less sick 
patients. No overall mortality difference



“SOAP II” 

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 362;9 nejm.org march 4, 2010786

Kaplan–Meier curves for the subgroup analysis 
according to type of shock are shown in Figure 7 
in the Supplementary Appendix.

Discussion

In this multicenter, randomized, blinded trial com-
paring dopamine and norepinephrine as the ini-
tial vasopressor therapy in the treatment of shock, 
there was no significant difference in the rate of 
death at 28 days between patients who received do-
pamine and those who received norepinephrine. 
Dopamine was associated with more arrhythmic 
events than was norepinephrine, and arrhythmic 
events that were severe enough to require with-
drawal from the study were more frequent in the 

dopamine group. In addition, dopamine was as-
sociated with a significant increase in the rate of 
death in the predefined subgroup of patients with 
cardiogenic shock.

The rate of death at 28 days in this study was 
close to 50%, which is to be expected in a study 
with very few exclusion criteria and is similar to 
the rate in previous observational studies.3,9,21-24 
Our trial was a pragmatic study that included all 
patients who were treated for shock states, and 
therefore, it has high external validity. The study 
design allowed for maximal exposure to the study 
drug, since we included patients who had received 
open-label vasopressors for a maximum of 4 hours 
before randomization and since during the 28-day 
study period, the study drug was withdrawn last 
when patients were weaned from vasopressor 
therapies and was resumed first if resumption of 
vasopressor therapy was necessary.

Smaller observational studies have suggested 
that treatment with dopamine may be detrimen-
tal to patients with septic shock.3,9,10 However, 
Póvoa et al. reported a lower rate of death among 
patients treated with dopamine than among those 
treated with norepinephrine.25 In our study, which 
included more than 1000 patients with septic 
shock, there was no significant difference in the 
outcome between patients treated with dopamine 
and those treated with norepinephrine.

Among patients with cardiogenic shock, the 
rate of death was significantly higher in the group 
treated with dopamine than in the group treated 
with norepinephrine, although one might expect 
that cardiac output would be better maintained 
with dopamine26-28 than with norepinephrine. The 
exact cause of the increased mortality cannot be 

Table 2. Mortality Rates.*

Time Period Dopamine Norepinephrine
Odds Ratio
(95% CI)† P Value

percent mortality

During stay in intensive care unit 50.2 45.9 1.19 (0.98–1.44) 0.07

During hospital stay 59.4 56.6 1.12 (0.92–1.37) 0.24

At 28 days 52.5 48.5 1.17 (0.97–1.42) 0.10

At 6 mo 63.8 62.9 1.06 (0.86–1.31) 0.71

At 12 mo 65.9 63.0 1.15 (0.91–1.46) 0.34

* Data were available for 1656 patients in the intensive care unit, in the hospital, and at 28 days; for 1443 patients at 
6 months; and for 1036 patients at 12 months.

† Odds ratios for death are for the comparison of the dopamine group with the norepinephrine group.
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Figure 2. Kaplan–Meier Curves for 28-Day Survival in the Intention-to-Treat 
Population.
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“...no significant difference in the rate of death between 
patients treated with dopamine or with norepinephrine, 


...dopamine was associated with a more adverse events.”

N Engl J Med 2010;362:779-89.



So, why the confusion?



Beware of secondary endpoints

❖ A trial does not meet its primary endpoint 

❖ There is a secondary endpoint that is statistically significant 

(P<0.05) 
❖ The probability that an identical repeat of the trial will 

reproduce the same secondary endpoint is not 1 in 20 
(P<0.05)  but 57% (i.e., almost 1 in 2 !) 

!
❖ No wonder so many trials showing secondary endpoints 

are not reproduced in subsequent studies!!

Anesthesiology 2009; 110:729-37 



◆ Begin resuscitation immediately in patients with hypotension or
elevated serum lactate >4mmol/l; do not delay pending ICU
admission. (1C)

◆ Resuscitation goals: (1C)
• Central venous pressure (CVP) 8–12 mm Hg*
• Mean arterial pressure ≥ 65 mm Hg
• Urine output ≥ 0.5 mL.kg-1.hr-1

• Central venous (superior vena cava) oxygen saturation ≥ 70%,
or mixed venous ≥ 65%

◆◆◆◆ If venous O2 saturation target not achieved: (2C)
• consider further fluid
• transfuse packed red blood cells if required to haematocrit of ≥ 30% 

and/or
• dobutamine infusion max 20 µg.kg-1.min-1

* A higher target CVP of 12-15 mmHg is recommended in the presence of
mechanical ventilation or pre-existing decreased ventricular compliance.

◆ Obtain appropriate cultures before starting antibiotics provided
this does not significantly delay antimicrobial administration.(1C)
• Obtain two or more blood cultures (BCs)
• One or more BCs should be percutaneous
• One BC from each vascular access device in place >48 hours
• Culture other sites as clinically indicated

◆ Perform imaging studies promptly in order to confirm and 
sample any source of infection; if safe to do so. (1C)

◆ Begin intravenous antibiotics as early as possible, and always
within the first hour of recognising severe sepsis (1D) and sep-
tic shock. (1B)

◆ Broad-spectrum: one or more agents active against likely bacte-
rial/fungal pathogens and with good penetration into presumed
source. (1B)

◆ Reassess antimicrobial regimen daily to optimise efficacy, 
prevent resistance, avoid toxicity & minimise costs. (1C)

◆◆◆◆ Consider combination therapy in Pseudomonas infections. (2D)

◆◆◆◆ Consider combination empiric therapy in neutropenic patients.(2D)

◆◆◆◆ Combination therapy no more than 3-5 days and de-escalation
following susceptibilities. (2D)

◆ Duration of therapy typically limited to 7–10 days; longer if
response slow, undrainable foci of infection, or immunologic
deficiencies. (1D)

◆ Stop antimicrobial therapy if cause is found to be non-infec-
tious. (1D)

◆ A specific anatomic site of infection should be established 
as rapidly as possible(1C) and within the first 6 hours of presen-
tation. (1D)

◆ Formally evaluate patient for a focus of infection amenable to
source control measures (eg: abscess drainage, tissue debride-
ment). (1C)

◆ Implement source control measures as soon as possible follow-
ing successful initial resuscitation. (1C)

◆◆◆◆ Exception: infected pancreatic necrosis, where surgical inter-
vention best delayed. (2B)

◆ Choose source control measure with maximum efficacy and 
minimal physiologic upset. (1D)

◆ Remove intravascular access devices if potentially infected. (1C)

◆ Fluid-resuscitate using crystalloids or colloids. (1B)

◆ Target a CVP of ≥ 8mmHg (≥12mmHg if mechanically vent -
ilated). (1C)

◆ Use a fluid challenge technique while associated with a haemo-
dynamic improvement. (1D)

◆ Give fluid challenges of 1000 ml of crystalloids or 300–500 ml
of colloids over 30 minutes.  More rapid and larger volumes 
may be required in sepsis-induced tissue hypoperfusion. (1D)

◆ Rate of fluid administration should be reduced if cardiac filling
pressures increase without concurrent haemodynamic improve-
ment. (1D)

◆ Maintain MAP ≥ 65mmHg.(1C)

◆ Norepinephrine or dopamine centrally administered are the 
initial vasopressors of choice.(1C)

◆ Epinephrine, phenylephrine or vasopressin should not be
administered as the initial vasopressor in septic shock. (2C)
• Vasopressin 0.03 units/min maybe subsequently added to norepineph-

rine with anticipation of an effect equivalent to norepinephrine alone.

◆ Use epinephrine as the first alternative agent in septic shock
when blood pressure is poorly responsive to norepinephrine 
or dopamine.(2B)

◆ Do not use low-dose dopamine for renal protection. (1A)

◆ In patients requiring vasopressors, insert an arterial catheter 
as soon as practical. (1D)

◆ Use dobutamine in patients with myocardial dysfunction as 
supported by elevated cardiac filling pressures and low cardiac
output. (1C)

◆ Do not increase cardiac index to predetermined supranormal
levels. (1B)

◆◆◆◆ Consider intravenous hydrocortisone for adult septic shock
when hypotension remains  poorly responsive to adequate fluid
resuscitation and vasopressors. (2C)

◆◆◆◆ ACTH stimulation test is not recommended to identify the subset
of adults with septic shock who should receive hydro
cortisone. (2B)

◆◆◆◆ Hydrocortisone is preferred to dexamethasone.(2B)

◆◆◆◆ Fludrocortisone (50 µg orally once a day) may be included if 
an alternative to hydrocortisone is being used which lacks 
significant mineralocorticoid activity. Fludrocortisone is optional
if hydrocortisone is used. (2C)

◆◆◆◆ Steroid therapy may be weaned once vasopressors are no
longer required. (2D) 

◆ Hydrocortisone dose should be <300mg/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)

◆◆◆◆ Consider rhAPC in adult patients with sepsis-induced organ 
dysfunction with clinical assessment of high risk of death (typi-
cally APACHE II ≥ 25 or multiple organ failure) if there are no
contraindications. (2B; 2C for post-operative patients)

◆ Adult patients with severe sepsis and low risk of death 
(eg: APACHE II <20 or one organ failure) should not receive
rhAPC. (1A)

◆ Give red blood cells when haemoglobin decreases to <7.0 g/dl 
(<70 g/L) to target a haemoglobin of 7.0 – 9.0 g/dl in adults. (1B)
A higher haemoglobin level may be required in special circumstances 
(eg: myo cardial ischaemia, severe hypoxaemia, acute haemorrhage, 
cyanotic heart disease or lactic acidosis)

◆ Do not use erythropoietin to treat sepsis-related anaemia.
Erythropoietin may be used for other accepted reasons. (1B)

◆◆◆◆ Do not use fresh frozen plasma to correct laboratory clotting
abnormalities unless there is bleeding or planned invasive pro-
cedures. (2D)

◆ Do not use antithrombin therapy. (1B)

◆◆◆◆ Administer platelets when: (2D)
- counts are <5000/mm3 (5 X 109/L) regardless of bleeding. 
- counts are 5000 to 30,000/mm3 (5–30 X 109/L) and there is significant 

bleeding risk.
- Higher platelet counts ≥ 50,000/mm3 (50 X 109/L) are typically required 

for surgery or invasive procedures.

◆ Target a tidal volume of 6ml/kg (predicted) body weight in
patients with ALI/ARDS. (1B)

◆ Target an initial upper limit plateau pressure ≤30cmH2O. 
Consider chest wall compliance when assessing plateau pres-
sure. (1C)

◆ Allow PaCO2 to increase above normal, if needed to minimise
plateau pressures and tidal volumes. (1C)

◆ Positive end expiratory pressure (PEEP) should be set to avoid
extensive lung collapse at end  expiration. (1C)

◆◆◆◆ Consider using the prone position for ARDS patients requiring
potentially injurious levels of FiO2 or plateau pressure, provided
they are not put at risk from positional changes. (2C)

◆ Maintain mechanically ventilated patients in a semi-recumbent
position unless contraindicated.(1B) 
◆◆◆◆ Suggested target elevation 30 - 45 degrees.(2C)

◆◆◆◆ Non invasive ventilation may be considered in the minority of
ALI/ARDS patients with mild-moderate hypoxemic respiratory
failure. The patients need to be haemodynamically stable, com-
fortable, easily arousable, able to protect/clear their airway and
expected to recover rapidly. (2B)

◆ Use a weaning protocol and a spontaneous breathing trial (SBT)
regularly to evaluate the potential for discontinuing mechanical
ventilation. (1A)
• SBT options include a low level of pressure support with continuous
positive 

airway pressure 5 cm H2O or a T-piece. 
• Before the SBT, patients should: 

– be arousable 
– be haemodynamically stable without vasopressors 
– have no new potentially serious conditions
– have low ventilatory and end-expiratory pressure requirement
– require FiO2 levels that can be safely delivered with a face mask or

nasal cannula

◆ Do not use a pulmonary artery catheter for the routine monitor-
ing of patients with ALI/ARDS. (1A)

◆ Use a conservative fluid strategy for patients with established
ALI who do not have evidence of tissue hypoperfusion. (1C)

◆ Use sedation protocols with a sedation goal for critically ill
mechanically ventilated patients. (1B)

◆ Use either intermittent bolus sedation or continuous infusion
sedation to predetermined end points (sedation scales), with
daily interruption/ lightening to produce awakening. Re-titrate 
if necessary. (1B)

◆ Avoid neuromuscular blockers where possible. Monitor depth 
of block with train of four when using continuous infusions. (1B)

◆ Use IV insulin to control hyperglycaemia in patients with severe
sepsis following stabilisation in the ICU. (1B)

◆◆◆◆ Aim to keep blood glucose <8.3 mmol/L (150 mg/dl) using a
validated protocol for insulin dose adjustment. (2C)

◆ Provide a glucose calorie source and monitor blood glucose val-
ues every 1-2 hours (4 hours when stable) in patients receiving
intravenous insulin. (1C)

◆ Interpret with caution low glucose levels obtained with point 
of care testing, as these techniques may overestimate arterial
blood or plasma glucose values. (1B)

◆◆◆◆ Intermittent haemodialysis and continuous veno-venous
haemofiltration (CVVH) are considered equivalent.(2B)

◆◆◆◆ CVVH offers easier management in haemodynamically unstable
patients.(2D)

◆ Do not use bicarbonate therapy for the purpose of improving 
haemo dynamics or reducing vasopressor requirements when
treating hypo perfusion-induced lactic acidaemia with pH ≥
7.15. (1B)

◆ Use either low-dose unfractionated heparin (UFH) or low-molec-
ular weight heparin (LMWH), unless contraindicated. (1A)

◆ Use a mechanical prophylactic device, such as compression
stockings or an intermittent compression device, when heparin
is contra indicated. (1A)

◆◆◆◆ Use a combination of pharmacologic and mechanical therapy 
for patients who are at very high risk for DVT. (2C)

◆◆◆◆ In patients at very high risk LMWH should be used rather than
UFH. (2C)

◆ Provide stress ulcer prophylaxis using H2 blocker (1A) or proton
pump inhibitor (1B). Benefits of prevention of upper GI bleed
must be weighed against the potential for development of venti-
lator-acquired pneumonia.

◆ Discuss advance care planning with patients and families. 
Describe likely outcomes and set realistic expectations. (1D)

Prepared on behalf of the SSC by Dr Jeremy Willson & Professor Julian Bion

Consideration for limitation of support

Stress ulcer prophylaxis

Deep vein thrombosis (DVT) prophylaxis

Bicarbonate therapy

Renal replacement

Glucose control

Sedation, analgesia, and 
neuromuscular blockade in sepsis

Mechanical ventilation of sepsis-induced 
acute lung injury (ALI)/ARDS

Blood product administration

Recombinant human activated protein C (rhAPC)

Steroids

Inotropic therapy

Vasopressors

Fluid therapy

Source identification and control

Antibiotic therapy

Diagnosis

Initial resuscitation (first 6 hours)
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“There is no high-quality 
primary evidence to 

recommend one 
catecholamine over another”

◆ Begin resuscitation immediately in patients with hypotension or
elevated serum lactate >4mmol/l; do not delay pending ICU
admission. (1C)

◆ Resuscitation goals: (1C)
• Central venous pressure (CVP) 8–12 mm Hg*
• Mean arterial pressure ≥ 65 mm Hg
• Urine output ≥ 0.5 mL.kg-1.hr-1

• Central venous (superior vena cava) oxygen saturation ≥ 70%,
or mixed venous ≥ 65%

◆◆◆◆ If venous O2 saturation target not achieved: (2C)
• consider further fluid
• transfuse packed red blood cells if required to haematocrit of ≥ 30% 

and/or
• dobutamine infusion max 20 µg.kg-1.min-1

* A higher target CVP of 12-15 mmHg is recommended in the presence of
mechanical ventilation or pre-existing decreased ventricular compliance.

◆ Obtain appropriate cultures before starting antibiotics provided
this does not significantly delay antimicrobial administration.(1C)
• Obtain two or more blood cultures (BCs)
• One or more BCs should be percutaneous
• One BC from each vascular access device in place >48 hours
• Culture other sites as clinically indicated

◆ Perform imaging studies promptly in order to confirm and 
sample any source of infection; if safe to do so. (1C)

◆ Begin intravenous antibiotics as early as possible, and always
within the first hour of recognising severe sepsis (1D) and sep-
tic shock. (1B)

◆ Broad-spectrum: one or more agents active against likely bacte-
rial/fungal pathogens and with good penetration into presumed
source. (1B)

◆ Reassess antimicrobial regimen daily to optimise efficacy, 
prevent resistance, avoid toxicity & minimise costs. (1C)

◆◆◆◆ Consider combination therapy in Pseudomonas infections. (2D)

◆◆◆◆ Consider combination empiric therapy in neutropenic patients.(2D)

◆◆◆◆ Combination therapy no more than 3-5 days and de-escalation
following susceptibilities. (2D)

◆ Duration of therapy typically limited to 7–10 days; longer if
response slow, undrainable foci of infection, or immunologic
deficiencies. (1D)

◆ Stop antimicrobial therapy if cause is found to be non-infec-
tious. (1D)

◆ A specific anatomic site of infection should be established 
as rapidly as possible(1C) and within the first 6 hours of presen-
tation. (1D)

◆ Formally evaluate patient for a focus of infection amenable to
source control measures (eg: abscess drainage, tissue debride-
ment). (1C)

◆ Implement source control measures as soon as possible follow-
ing successful initial resuscitation. (1C)

◆◆◆◆ Exception: infected pancreatic necrosis, where surgical inter-
vention best delayed. (2B)

◆ Choose source control measure with maximum efficacy and 
minimal physiologic upset. (1D)

◆ Remove intravascular access devices if potentially infected. (1C)

◆ Fluid-resuscitate using crystalloids or colloids. (1B)

◆ Target a CVP of ≥ 8mmHg (≥12mmHg if mechanically vent -
ilated). (1C)

◆ Use a fluid challenge technique while associated with a haemo-
dynamic improvement. (1D)

◆ Give fluid challenges of 1000 ml of crystalloids or 300–500 ml
of colloids over 30 minutes.  More rapid and larger volumes 
may be required in sepsis-induced tissue hypoperfusion. (1D)

◆ Rate of fluid administration should be reduced if cardiac filling
pressures increase without concurrent haemodynamic improve-
ment. (1D)

◆ Maintain MAP ≥ 65mmHg.(1C)

◆ Norepinephrine or dopamine centrally administered are the 
initial vasopressors of choice.(1C)

◆ Epinephrine, phenylephrine or vasopressin should not be
administered as the initial vasopressor in septic shock. (2C)
• Vasopressin 0.03 units/min maybe subsequently added to norepineph-

rine with anticipation of an effect equivalent to norepinephrine alone.

◆ Use epinephrine as the first alternative agent in septic shock
when blood pressure is poorly responsive to norepinephrine 
or dopamine.(2B)

◆ Do not use low-dose dopamine for renal protection. (1A)

◆ In patients requiring vasopressors, insert an arterial catheter 
as soon as practical. (1D)

◆ Use dobutamine in patients with myocardial dysfunction as 
supported by elevated cardiac filling pressures and low cardiac
output. (1C)

◆ Do not increase cardiac index to predetermined supranormal
levels. (1B)

◆◆◆◆ Consider intravenous hydrocortisone for adult septic shock
when hypotension remains  poorly responsive to adequate fluid
resuscitation and vasopressors. (2C)

◆◆◆◆ ACTH stimulation test is not recommended to identify the subset
of adults with septic shock who should receive hydro
cortisone. (2B)

◆◆◆◆ Hydrocortisone is preferred to dexamethasone.(2B)

◆◆◆◆ Fludrocortisone (50 µg orally once a day) may be included if 
an alternative to hydrocortisone is being used which lacks 
significant mineralocorticoid activity. Fludrocortisone is optional
if hydrocortisone is used. (2C)

◆◆◆◆ Steroid therapy may be weaned once vasopressors are no
longer required. (2D) 

◆ Hydrocortisone dose should be <300mg/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)

◆◆◆◆ Consider rhAPC in adult patients with sepsis-induced organ 
dysfunction with clinical assessment of high risk of death (typi-
cally APACHE II ≥ 25 or multiple organ failure) if there are no
contraindications. (2B; 2C for post-operative patients)

◆ Adult patients with severe sepsis and low risk of death 
(eg: APACHE II <20 or one organ failure) should not receive
rhAPC. (1A)

◆ Give red blood cells when haemoglobin decreases to <7.0 g/dl 
(<70 g/L) to target a haemoglobin of 7.0 – 9.0 g/dl in adults. (1B)
A higher haemoglobin level may be required in special circumstances 
(eg: myo cardial ischaemia, severe hypoxaemia, acute haemorrhage, 
cyanotic heart disease or lactic acidosis)

◆ Do not use erythropoietin to treat sepsis-related anaemia.
Erythropoietin may be used for other accepted reasons. (1B)

◆◆◆◆ Do not use fresh frozen plasma to correct laboratory clotting
abnormalities unless there is bleeding or planned invasive pro-
cedures. (2D)

◆ Do not use antithrombin therapy. (1B)

◆◆◆◆ Administer platelets when: (2D)
- counts are <5000/mm3 (5 X 109/L) regardless of bleeding. 
- counts are 5000 to 30,000/mm3 (5–30 X 109/L) and there is significant 

bleeding risk.
- Higher platelet counts ≥ 50,000/mm3 (50 X 109/L) are typically required 

for surgery or invasive procedures.

◆ Target a tidal volume of 6ml/kg (predicted) body weight in
patients with ALI/ARDS. (1B)

◆ Target an initial upper limit plateau pressure ≤30cmH2O. 
Consider chest wall compliance when assessing plateau pres-
sure. (1C)

◆ Allow PaCO2 to increase above normal, if needed to minimise
plateau pressures and tidal volumes. (1C)

◆ Positive end expiratory pressure (PEEP) should be set to avoid
extensive lung collapse at end  expiration. (1C)

◆◆◆◆ Consider using the prone position for ARDS patients requiring
potentially injurious levels of FiO2 or plateau pressure, provided
they are not put at risk from positional changes. (2C)

◆ Maintain mechanically ventilated patients in a semi-recumbent
position unless contraindicated.(1B) 
◆◆◆◆ Suggested target elevation 30 - 45 degrees.(2C)

◆◆◆◆ Non invasive ventilation may be considered in the minority of
ALI/ARDS patients with mild-moderate hypoxemic respiratory
failure. The patients need to be haemodynamically stable, com-
fortable, easily arousable, able to protect/clear their airway and
expected to recover rapidly. (2B)

◆ Use a weaning protocol and a spontaneous breathing trial (SBT)
regularly to evaluate the potential for discontinuing mechanical
ventilation. (1A)
• SBT options include a low level of pressure support with continuous
positive 

airway pressure 5 cm H2O or a T-piece. 
• Before the SBT, patients should: 

– be arousable 
– be haemodynamically stable without vasopressors 
– have no new potentially serious conditions
– have low ventilatory and end-expiratory pressure requirement
– require FiO2 levels that can be safely delivered with a face mask or

nasal cannula

◆ Do not use a pulmonary artery catheter for the routine monitor-
ing of patients with ALI/ARDS. (1A)

◆ Use a conservative fluid strategy for patients with established
ALI who do not have evidence of tissue hypoperfusion. (1C)

◆ Use sedation protocols with a sedation goal for critically ill
mechanically ventilated patients. (1B)

◆ Use either intermittent bolus sedation or continuous infusion
sedation to predetermined end points (sedation scales), with
daily interruption/ lightening to produce awakening. Re-titrate 
if necessary. (1B)

◆ Avoid neuromuscular blockers where possible. Monitor depth 
of block with train of four when using continuous infusions. (1B)

◆ Use IV insulin to control hyperglycaemia in patients with severe
sepsis following stabilisation in the ICU. (1B)

◆◆◆◆ Aim to keep blood glucose <8.3 mmol/L (150 mg/dl) using a
validated protocol for insulin dose adjustment. (2C)

◆ Provide a glucose calorie source and monitor blood glucose val-
ues every 1-2 hours (4 hours when stable) in patients receiving
intravenous insulin. (1C)

◆ Interpret with caution low glucose levels obtained with point 
of care testing, as these techniques may overestimate arterial
blood or plasma glucose values. (1B)

◆◆◆◆ Intermittent haemodialysis and continuous veno-venous
haemofiltration (CVVH) are considered equivalent.(2B)

◆◆◆◆ CVVH offers easier management in haemodynamically unstable
patients.(2D)

◆ Do not use bicarbonate therapy for the purpose of improving 
haemo dynamics or reducing vasopressor requirements when
treating hypo perfusion-induced lactic acidaemia with pH ≥
7.15. (1B)

◆ Use either low-dose unfractionated heparin (UFH) or low-molec-
ular weight heparin (LMWH), unless contraindicated. (1A)

◆ Use a mechanical prophylactic device, such as compression
stockings or an intermittent compression device, when heparin
is contra indicated. (1A)

◆◆◆◆ Use a combination of pharmacologic and mechanical therapy 
for patients who are at very high risk for DVT. (2C)

◆◆◆◆ In patients at very high risk LMWH should be used rather than
UFH. (2C)

◆ Provide stress ulcer prophylaxis using H2 blocker (1A) or proton
pump inhibitor (1B). Benefits of prevention of upper GI bleed
must be weighed against the potential for development of venti-
lator-acquired pneumonia.

◆ Discuss advance care planning with patients and families. 
Describe likely outcomes and set realistic expectations. (1D)
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Untoward Effects of Catecholamines

Overt effects


❖ Tachyarrhythmias 
❖ Local ischaemia 

		 	 Especially if inadequately filled 

Lancet Vol 370 Aug 25, 2007; 636-637



Covert effects

❖ Stimulation of bacterial growth and virulence 

❖ Increase biofilm formation 

❖ Reduce metabolic efficiency 

Enhance fatty acid metabolism 

❖ Modify immune-cell populations 

Some pro-inflammatory 

Some ant-inflammatory

Lancet Vol 370 Aug 25, 2007; 636-637

Untoward Effects of Catecholamines



Goals of todays talk

❖ Put vasoactive drugs role into overall treatment context


❖ Discuss individual drugs


❖ Proof of what is best

❖ Consider the microcirculation



Do we have “adequate” 
microcirculatory flow?

This seems to be the new “frontier”



Shock and the microcirculation
	 Shock is defined in terms of a critically low blood pressure   

❖ Physiological definition  
❖ inability of the circulation to sustain the cellular 

respiration needed to maintain normal organ 
function 


❖ We use global hemodynamic variables to diagnose and 

treat: 
❖ upstream (blood pressure, U.O.)  
❖ downstream (SvO2, lactate) 



Intensive Care Med (2010) 36:2004–2018

New insights:  

(1) the independent perfusion behavior of the 
microcirculation in relation systemic hemodynamic variables, 
	 	 (albeit within certain absolute limits of minimal perfusion pressure)


 

(2) persistence of microcirculatory alterations are associated 
with mortality irrespective of correction of systemic 
hemodynamics 

Microvascular perfusion



Effect of Dobutamine on microcirculation in patients with 
septic shock are independent of its systemic effects

Crit Care Med 2006 Vol. 34, No. 2

gest that sepsis-related microcirculatory
alterations are independent of systemic
variables. Najakima et al. (28) reported
that endotoxin induced microvascular
blood flow alterations independent of
changes in blood pressure. In our previ-
ous clinical observations, we reported

that capillary perfusion was not related to
arterial pressure or cardiac index (1, 2).
In our study, the microcirculatory effects
of dobutamine were clearly independent
from its effects on blood pressure and
cardiac index. We cannot exclude that
dobutamine selectively increased facial

and tongue blood flows, but we do not see
why this would be the case. In addition,
dobutamine had similar effects on bowel
and liver microcirculation in septic con-
ditions (14, 15, 17). This suggests that
dobutamine specifically affected the mi-
crocirculation. As capillaries are deprived
of !-adrenergic receptors, it is likely that
these effects were mediated by effects on
larger arterioles, which could not be vi-
sualized by OPS imaging.

An important finding is that the im-
provement in microcirculatory alter-
ations was related to arterial lactate lev-
els. The interpretation of blood lactate
concentrations in septic shock is notori-
ously complex (30) and may involve cir-
culatory as well as metabolic compo-
nents. Our study was probably too short
for the decrease in blood lactate to be
explained only by an increased lactate
clearance due to an improved liver blood
flow (15). The decrease in lactate levels
was not related to changes in V̇O2 in these
patients, but whole body V̇O2 measure-
ments may not be sensitive enough to
detect changes in tissue metabolism.
Whole body V̇O2 is affected not only by
microvascular blood flow but also by
blood flow distribution and cellular me-
tabolism. Dobutamine can also have
some metabolic effects. Reinelt et al. (31)
reported that dobutamine increased
splanchnic blood flow but did not in-
crease splanchnic V̇O2, at least in part
because it also decreased some energy-
requiring metabolic pathways such as
glucose production. Even though
changes in V̇O2 may be dissociated from
changes in lactate levels (32), this does
not imply that the increase in perfusion
was not beneficial. Although indirect, the
proportional decrease in blood lactate
levels provides a strong index that the
increase in microvascular perfusion was
associated with an improved metabolism.
In a rat model of endotoxic shock, van
Lambalgen et al. (33) observed that do-
butamine increased tissue adenosine
triphosphate and phosphocreatine levels.
Similarly, the addition of dobutamine to
norepinephrine in a sheep model of septic
shock decreased lactate levels and PCO2
gap and prolonged survival time when
compared with norepinephrine alone
(34).

Nevertheless, it is quite obvious that
dobutamine improved but failed to nor-
malize microcirculatory perfusion in
these septic patients. Moreover, our
short-term data do not provide evidence
that long-term administration of dobut-

Figure 2. Relationship between changes in capillary perfusion and changes in cardiac output (upper
panel) or changes in mean arterial pressure (lower panel). Absolute changes in capillary perfusion,
cardiac index, and mean arterial pressure are reported for the entire population (n " 22). These
changes were not corrected for baseline value. Neither the relationship between capillary perfusion and
cardiac index nor that between capillary perfusion and arterial pressure was significant (r2 " .03, p "
.45, and r2 " .11, p " 0.29, respectively)

Table 4. Evolution of microcirculatory perfusion in the subset of ten patients also investigated with
acetylcholine

Baseline Dobutamine Acetylcholine

Total vascular density, n/mm2 6.4 (5.2–7.1) 6.4 (6.0–7.1) 7.3 (7.1–7.8)a,b

Proportion perfused venules, % 100 (100–100) 100 (100–100) 100 (100–100)
Proportion perfused capillaries, % 58 (29–66) 75 (68–80)a 98 (88–99)a,c

Density of perfused capillaries,
n/mm2

2.1 (0.8–3.5) 3.5 (3.0–4.0)a 4.9 (4.3–5.7)a,c

Proportion of nonperfused
capillaries, %

11 (9–29) 6 (3–20)a 2 (1–2)a,b

Proportion of intermittently
perfused capillaries

30 (23–36) 16 (10–20)a 2 (1–10)a,c

Coefficient of variation perfused
vessels, %

13 (10–18) 11 (8–13) 9 (6–16)

As these data were not normally distributed, evolution over time was assessed by a Friedman test
followed by a Wilcoxon’s signed rank test with Bonferroni correction for multiple comparisons. Data
are presented as median (percentiles 25–75).

ap # .01 vs. baseline; bp # .05 and cp # .01 acetylcholine vs. dobutamine.
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crovascular perfusion was more severely
altered at baseline. The increase in per-
fused capillaries was due to a similar de-
crease in nonperfused (!53 " 21%, p #
.004) and intermittently perfused (!49 "
24%, p # .002) capillaries. However, the
variability between the five areas, as-
sessed by the coefficient of variation, was
not significantly affected (!8 " 32%,
p # .16). All venules were already per-

fused at baseline and this was not affected
by dobutamine administration. The topi-
cal application of acetylcholine, in addi-
tion to dobutamine, increased total vas-
cular density (21 " 11%, p # .009) as
shown in Table 4. The proportion of per-
fused capillaries further increased and
was then close to 100%.

Capillary perfusion was not related to
cardiac index or mean arterial pressure,

at baseline or after dobutamine adminis-
tration (data not shown). The increase in
capillary perfusion was not related to the
changes in cardiac index (Fig. 2, upper
panel), in arterial pressure (Fig. 2, lower
panel), or in systemic vascular resistance
(data not shown). Interestingly, the
changes in arterial lactate levels were in-
versely related to the increase in capillary
perfusion (y # !0.15x $ 0.07, r2 # .45,
p # .005, Fig. 3, upper panel) but not to
changes in cardiac index (Fig. 3, lower
panel). Finally, changes in capillary per-
fusion and lactate levels were not related
to changes in V̇O2 (data not shown).

DISCUSSION

The present study demonstrates that
dobutamine improves microvascular per-
fusion in the early phase of septic shock
and that these changes are independent
of its global hemodynamic effects. How-
ever, dobutamine did not fully recruit the
microcirculation, as the addition of topi-
cally applied acetylcholine further in-
creased vascular density and capillary
perfusion.

The improvement in microvascular
perfusion is in accordance with several
experimental studies. In rodents, %-ad-
renergic agents improved the liver or gut
microcirculatory alterations that were
observed after induction of fecal peritoni-
tis or endotoxin administration (12, 13,
15). The dose of dobutamine may of
course be challenged. By using a fixed
dose of dobutamine, we may have under-
estimated some of the effects of dobut-
amine and cannot be sure that a higher
dose may not have further improved
the microcirculation. However, increas-
ing the dose of dobutamine from 5 to
10 &g/kg·min did not further improve liver
or gut mucosal blood flow in experimental
endotoxic shock (25, 26) and PCO2 gap in
patients with septic shock (27). In these
studies also, dobutamine failed to normal-
ize the alterations. An important question
is whether the increase in microvascular
perfusion was large enough, as it could be
further improved with acetylcholine. This
cannot be determined on our data set and
can only be determined in experimental
conditions with simultaneous measure-
ments of microvascular blood flow and lo-
cal metabolism.

Another key issue is whether the
changes in microcirculatory perfusion
were related to changes in systemic he-
modynamic variables. Experimental (28,
29) and clinical (1, 2) observations sug-

Figure 1. Individual changes in capillary perfusion in the subset of ten patients also investigated with
acetylcholine. BASE, baseline; DOBU, dobutamine; ACH, acetylcholine.

Table 3. Effects of dobutamine on microcirculatory perfusion in the entire population (n # 22)

Baseline Dobutamine p Value

Total vascular density, n/mm2 6.5 " 1.1 7.4 " 1.1 .001
Proportion perfused venules, % 99 " 1 100 " 0 .50
Proportion perfused capillaries, % 48 " 16 67 " 11 .001
Density of perfused capillaries, n/mm2 5.2 " 1.3 6.3 " 1.1 .001
Proportion of nonperfused capillaries, % 19 " 14 10 " 8 .004
Proportion of intermittently perfused capillaries 31 " 8 15 " 7 .002
Coefficient of variation perfused vessels, % 15 " 8 12 " 7 .16

Data are presented as mean " SD.

Table 2. Hemodynamic effects of dobutamine (n # 22)

Baseline Dobutamine p Value

Temperature, °C 37.3 " 1.0 37.2 " 1.1 .033
Heart rate, beats/min 89 " 13 95 " 13 .020
Mean arterial pressure, mm Hg 69 " 5 71 " 6 .145
Mean pulmonary artery pressure, mm Hg 31 " 9 30 " 8 .339
Pulmonary artery occluded pressure, mm Hg 14 " 4 14 " 4 .66
Right atrial pressure, mm Hg 11 " 3 11 " 3 .89
Cardiac index, L/min ! M2 3.63 " 0.90 4.36 " 1.07 .001
pH 7.30 " 0.07 7.30 " 0.07 .847
PaCO2, mm Hg 38 " 6 38 " 6 .278
PaO2, mm Hg 89 " 17 91 " 22 .546
SaO2, % 97 " 2 97 " 2 .525
SvO2, % 69 " 5 73 " 6 .001
ḊO2, mL/min ! M2 452 " 132 544 " 157 .001
V̇O2, mL/min ! M2 129 " 29 130 " 25 .817
O2ER, % 29 " 5 25 " 6 .001
Lactate, mEq/L 2.3 " 0.7 2.1 " 0.7 .001

SaO2, arterial oxygen saturation; SvO2, venous oxygen saturation; ḊO2, oxygen delivery; V̇O2, oxygen
consumption; O2ER, oxygen extraction.

Data are presented as mean " SD.
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changes 
capillary  

perfusion %

“the decrease in lactate levels was 
proportional to the improvement in 

capillary perfusion but not to 
changes in cardiac index”



tion II and Sepsis-related Organ Failure
Assessment scores and lower serum lac-
tate concentration than nonsurvivors (p
! .01). We found no difference in the
type or the dose of initial vasopressor/
inotropic agents or the analgo-sedation
between survivors and nonsurvivors, who
had similar hemodynamic and oxygen-
ation variables at the onset of shock (Ta-
ble 2). The evolution of hemodynamic
variables was similar in survivors and in
patients dying with persistent MOF (Ta-
ble 3).

Time Course of Sublingual Microvas-
cular Perfusion. At the onset of shock,
vascular density (5.6 [4.7–7.0] vs. 6.2
[5.4–7.0]/mL; p " nonsignificant) and
the percentage of perfused small vessels
(65.0 [53.1–68.9] vs. 58.4 [47.5–69.1] %;
p " nonsignificant) were similar in sur-
vivors and nonsurvivors. Large vessels
were completely perfused (100%) over
the entire period of follow-up in all pa-
tients. The evolution of small vessel per-
fusion differed between survivors and
nonsurvivors (analysis of variance, p !
.05): it improved over time in the survi-
vors (to 79.3 [67.2–79.3]; p ! .01) but not
in the nonsurvivors (to 58.4 [43.1–65.7];
p " nonsignificant, Fig. 2).

Time Course of Sublingual Microvas-
cular Perfusion in Patients Dying of MOF
After Resolution of Shock. Despite simi-
lar hemodynamic and oxygenation pro-
files (Table 3), an improvement in micro-
circulatory variables was observed in the
26 ICU survivors but not in the 13 pa-
tients dying in shock or in the seven
patients who died later of persistent MOF
(Fig. 3, analysis of variance group vs.
time effect !.01). Similar findings were
observed when we looked at the changes
in microvascular perfusion between the
first and last measurement (Fig. 4). Al-
though small vessel perfusion at the end
of shock was still lower in all groups than
in normal individuals, it was higher in
the ICU survivors (79.3 [67.2–79.3]%)
than in patients dying in shock (64.4
[32.6–66.7]%; p ! .01 vs. survivors) or in
those who died in MOF after resolution of
shock (57.3 [46.6–64.9]%; p ! .05 vs.
survivors). Actually, the microcirculatory
alterations were similar in those who died
in MOF after the resolution of shock and
those who died in shock. There was an
inverse relationship between the perfu-
sion of small vessels at the end of shock
in survivors and patients dying in MOF
and the degree of organ failure in these
patients evaluated the same day by the
Sepsis-related Organ Failure Assessment

Figure 2. Box plot demonstrating the time course of small vessel perfusion in survivors and nonsur-
vivors. The numbers above the boxes show the numbers of patients at each time point and, of course,
decrease during the study period. The evolution was significantly different between survivors and
nonsurvivors (*analysis of variance, p ! .05). There was a significant increase in small vessel perfusion
in survivors (p ! .05) and not in nonsurvivors. ICU, intensive care unit.

Figure 3. Box plot demonstrating the time course of small vessel perfusion in survivors, patients dying
in shock, and patients dying after resolution of shock due to persistent multiple organ failure (MOF).
The numbers above the boxes show the numbers of patients at each time point and, of course, decrease
during the study period. The evolution was significantly different between survivors and patients dying
in shock or dying after the resolution of shock due to persistent MOF (*analysis of variance, p ! .05).
Small vessel perfusion increased only in survivors (p ! .05).

1828 Crit Care Med 2004 Vol. 32, No. 9

Persistent microcirculatory alterations are associated with 
organ failure and death in patients with septic shock

CCM 2004, 32:1825-1831

Despite similar hemodynamic and oxygenation profiles and use of vasopressors at the 
end of shock, patients dying after the resolution of shock in multiple organ failure had a 

lower percentage of perfused small vessels than survivors.



Do we have “adequate” microcirculatory flow?

At last we have new exciting tools allowing us to “see” the 
microcirculation

is a marker of endothelial reactivity and blood rheology,
and can thus be used as a surrogate for the functional
integrity of the microvasculature [28]. Although it may
not reflect the actual state of the microcirculation, this test
provides quantitative information on microvascular
reserve within a couple of minutes.

Microvideoscopic techniques

Intravital microvideoscopy is used as a ‘‘classical’’ tech-
nique in experimental conditions, but in humans fixed
tissue preparations and dyes cannot be used. Microvide-
oscopy techniques apply light on superficial organs and
need technical devices to discard light reflected by the
superficial layers of the tissues. Their application in
humans requires that either the organ is thin enough to be
illuminated from behind (e.g., fingers) or that organs can
be made translucent by reflected light.

Nailfold videocapillaroscopy

Nailfold microvideoscopy was the first method used at the
bedside [29]. The junction between cuticle and nail is
coated with transparent oil and placed on the stage of an
ordinary microscope. In addition to morphological
abnormalities, mostly encountered in chronic diseases of
the microcirculation, capillary density and microvascular
blood flow can be measured [30]. This technique is par-
ticularly suitable for investigating the microvascular
effects of chronic diseases, such as diabetes, vasculitis,
and arteritis. Unfortunately, the nailfold area is very
sensitive to changes in temperature: one can control
ambient but not body temperature. Peripheral vasocon-
striction can also occur during chills and acute circulatory
failure with or without vasopressor agents. Hence, this
area is of limited use in critically ill patients.

Orthogonal polarization spectral and sidestream
darkfield imaging techniques

Orthogonal polarization spectral (OPS) and sidestream
darkfield (SDF) are two videomicroscopic imaging tech-
niques that can be applied at the bedside. Both are based
on the same general principles developed more than
20 years ago [31, 32], but were only recently imple-
mented in handheld devices. If one applies a light source
on a tissue, the light is reflected by the deeper layers of
the tissue providing transillumination of the superficial
layers of the tissue [32]. With both techniques, the
selected wavelength (530 nm) is absorbed by the hemo-
globin contained in the red blood cells, independently of
its oxygenation state, so that these can be seen as black/
gray bodies. In OPS (Fig. 3), the applied light is polarized

and the reflected light is depolarized, due to multiple hits
on cells in the deep layers of the tissue [33]. The light
reflected by the surface of the tissue is still polarized and
can easily be discarded by a polarizer filter [33]. The SDF
technique (Fig. 4) uses pulsed green light which is pro-
vided to the tissue by multiple peripheral emitting diodes
while the optics are located centrally [34]. As a result of
the isolation of the light source from the inner lenses, the
light reflected by the superficial layers is perpendicular to
the light source and does not reach the optics. Both
devices provide good quality images of microvascular
vessels filled with red blood cells. As a result of the
peripheral location of multiple stroboscopic diodes and
synchronization of light emission and camera frame rate,
SDF provides more detailed visualization of capillaries,
with sharper and less granular images than OPS [34].
Using the 95 objective, the on-screen magnification is

Fig. 3 Orthogonal polarization spectral (OPS) imaging technique.
Polarized light is directed to the tissue. Light reflected by the
superficial layers is still polarized and discarded by the orthogonal
filter. Light reflected from the depth of the tissues has encountered
many scattering events and has lost its polarized characteristics so
is not discarded by the orthogonal filter; this light is absorbed by
hemoglobin contained in red blood cells so that these will be seen
as gray/black bodies on the screen

Fig. 4 Sidestream dark field (SDF) imaging technique. Green light
is provided by the lateral sides of the device. Light reflected by
superficial layers fails to reach the center of the device where the
optics are located. Light reflected from the depth of the tissues
reaches the center of the device; this light is absorbed by
hemoglobin contained in red blood cells so that these will be seen
as gray/black bodies on the screen
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“the increase in MAP (>75)  with norepinephrine failed to improve sublingual 
microcirculation, or any other variable related to perfusion”

Increasing arterial blood pressure with norepinephrine does 
not improve microcirculatory blood flow

A minimum, yes, but more is not necessarily better
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Effect of adrenaline on microcirculatory blood flow during 
cardiac arrest in animals

 “epinephrine resulted in a massive reduction of 
microcirculatory blood flow”
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❖ 50 ICU patients resuscitated to adequate global 
haemodynamic endpoints 

❖ After successful resuscitation, peripheral perfusion 
assessed: 

❖ Capillary refill, Core-peripheral temperature, 
Peripheral Flow Index 

❖ Compared lactate levels, on-going organ failure

Crit Care Med 2009 Vol. 37, No. 3

Microvascular dysfunction
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               Peripheral perfusion after resuscitation

!

Normal (27) Abnormal (23)
HR 90 94

MAP 80 81
CVP 14 13

% Normal 
Lactate 69    31 **

!SOFA >0 23     77 **

Microvascular dysfunction

Adequate global values with poor peripheral perfusion probably a 
sign of compensatory mechanisms still present.



Before Terlipressin

MAP 58 
HR 98 
CVP 13 
UO 20 ml/hr



After Terlipressin

MAP 80 
HR 98 
CVP 12 
UO 110 ml/hr



Microcirculation in cardiogenic shock
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Nitroglycerin reverts clinical manifestations of
poor peripheral perfusion in patients with
circulatory shock
Alexandre Lima*, Michel E van Genderen, Jasper van Bommel, Eva Klijn, Tim Jansem and Jan Bakker

Abstract

Introduction: Recent clinical studies have shown a relationship between abnormalities in peripheral perfusion
and unfavorable outcome in patients with circulatory shock. Nitroglycerin is effective in restoring alterations in
microcirculatory blood flow. The aim of this study was to investigate whether nitroglycerin could correct the
parameters of abnormal peripheral circulation in resuscitated circulatory shock patients.

Methods: This interventional study recruited patients who had circulatory shock and who persisted with abnormal
peripheral perfusion despite normalization of global hemodynamic parameters. Nitroglycerin started at 2 mg/hour
and doubled stepwise (4, 8, and 16 mg/hour) each 15 minutes until an improvement in peripheral perfusion was
observed. Peripheral circulation parameters included capillary refill time (CRT), skin-temperature gradient (Tskin-diff),
perfusion index (PI), and tissue oxygen saturation (StO2) during a reactive hyperemia test (RincStO2). Measurements
were performed before, at the maximum dose, and after cessation of nitroglycerin infusion. Data were analyzed by
using linear model for repeated measurements and are presented as mean (standard error).

Results: Of the 15 patients included, four patients (27%) responded with an initial nitroglycerin dose of 2 mg/hour.
In all patients, nitroglycerin infusion resulted in significant changes in CRT, Tskin-diff, and PI toward normal at the
maximum dose of nitroglycerin: from 9.4 (0.6) seconds to 4.8 (0.3) seconds (P <0.05), from 3.3°C (0.7°C) to 0.7°C
(0.6°C) (P <0.05), and from [log] −0.5% (0.2%) to 0.7% (0.1%) (P <0.05), respectively. Similar changes in StO2 and
RincStO2 were observed: from 75% (3.4%) to 84% (2.7%) (P <0.05) and 1.9%/second (0.08%/second) to 2.8%/second
(0.05%/second) (P <0.05), respectively. The magnitude of changes in StO2 was more pronounced for StO2 of less
than 75%: 11% versus 4%, respectively (P <0.05).

Conclusions: Dose-dependent infusion of nitroglycerin reverted abnormal peripheral perfusion and poor tissue
oxygenation in patients following circulatory shock resuscitation. Individual requirements of nitroglycerin dose to
improve peripheral circulation vary between patients. A simple and fast physical examination of peripheral
circulation at the bedside can be used to titrate nitroglycerin infusion.

Introduction
In the early 1960s, the use of vasodilators in shock
started with the interest in flow more than in pressure
[1]. This was followed by clinical observations and some
experimental studies showing the beneficial effects of va-
sodilators in severe (irreversible) shock [2,3]. It took
many years before this topic was the subject of add-
itional experimental studies including new techniques to
monitor the effects of vasodilators [4-9]. These findings

inspired some clinical investigators to propose the admin-
istration of nitroglycerin as a therapeutic approach to
recruit the (sublingual) microcirculation in septic shock
and cardiogenic shock [10-12]. Although these studies
showed that nitroglycerin is effective in restoring abnormal
sublingual microcirculation, the implementation of such a
therapeutic approach in clinical practice is still ham-
pered by technical aspects and complex offline analysis
of the images.
A real-time evaluation of peripheral microcirculatory

disorders would provide bedside assessment for timely
application of nitroglycerin targeting improvement in
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nitroglycerin dose. The effect of changes in nitroglycerin
dose had a significant effect on CRT, Tskin-diff, and periph-
eral PI but not on StO2. When StO2 baseline values before
nitroglycerin infusion were taken into account, the effect of
changes in nitroglycerin dose becomes clearly significant.
The magnitude of changes in StO2 was more prominent at
lower StO2 values (Figure 2). Compared with baseline,
patients with StO2 of less than 75% at TBL1 had a bigger
response than patients with StO2 of greater than 75%: 10%
(9.0% to 11.1%) versus 7% (4.7% to 10.5%) (P <0.05).

Discussion
We have demonstrated that intravenous infusion of nitro-
glycerin improves peripheral perfusion and oxygenation in

shock patients with persisting abnormal peripheral cir-
culation following initial resuscitation to global hemody-
namic endpoints. Although nitroglycerin is generally used
for its cardio-circulatory effects, its precise application in
septic or non-septic circulatory shock continues to be
debated and investigated. The use of vasodilators in shock
was introduced into the clinic in the early 1960s as an
additional therapeutic option for circulatory shock with or
without cardiac dysfunction to counteract peripheral
vasoconstriction [1,2,28]. However, the concept of using
vasodilator therapy to target microcirculatory flow in
critically ill patients originated in the 1990s with clinical
trials of different types of vasodilators (prostacyclin and
N-acetylcysteine) targeting splanchnic perfusion as assessed
by gastric tonometry [29-32]. These studies demonstrated
an improvement in gastric perfusion with vasodilator ad-
ministration suggesting successful microcirculatory recruit-
ment. More recently, with the advent of video microscopy
techniques allowing direct visualization of the (sublingual)
microcirculation, some studies have evaluated short-term
infusions of nitroglycerin in septic or non-septic shock and
demonstrated significant improvements in capillary perfu-
sion [10-12]. In a randomized controlled trial in 70 patients
with septic shock, Boerma and colleagues [11] failed to
show significant differences in the evolution of the sublin-
gual microcirculation between the control and nitroglycerin
groups. Although this study precluded the effectiveness of

Figure 2 Temporal behavior of peripheral circulation parameters (CRT, Tskin-diff, and PI) and StO2-derived variables (StO2, RincStO2,
and RdecStO2) during study protocol. Time points are defined as before nitroglycerin infusion (TBL1), at the maximum dose of nitroglycerin
(TMX), and 30 minutes after cessation of nitroglycerin (TBL2). CRT, capillary refill time (seconds); PIlog, log of perfusion index (percentage); RdecStO2,
rate of peripheral tissue oxygenation desaturation during arterial occlusion (percentage per minute); RincStO2, rate of peripheral tissue oxygenation
recovery after arterial occlusion (percentage per second); StO2, peripheral tissue oxygenation (percentage); Tskin-diff, forearm-to-fingertip
skin-temperature gradient (degrees Celsius). Lines represent individual values for each patient. Bars are mean ± 95% confidence interval (CI).

Table 4 Estimation of the effect of nitroglycerin dose on
all parameters of peripheral perfusion

Estimate 95% CI P value

Constant 8.9 4.60, 13.10 0.001

Capillary refill time, seconds −0.91 −1.10, −0.50 0.001

Tskin-diff, degrees Celsius 0.35 0.09, 0.61 0.008

Perfusion index, percentage 1.2 0.55, 1.85 0.001

StO2, percentage −0.02 −0.07, 0.03 0.42

StO2, percentage, corrected
for baseline StO2

0.30 0.14, 0.47 0.001

CI, confidence interval; StO2, tissue oxygen saturation; Tskin-diff, forearm-to-
fingertip skin temperature gradient.
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Recap - one approach

Haemodynamically stable?

Yes No

Volume responsive?

Yes No

Vasodilated?
Yes

Volume and 
vasopressors

No
“Pump” problem (ex. PE) 

ECHO? 
add Inotrope

Volume



RECAP

❖ Aim is an adequate effective cardiac output 

❖ Time is of the essence 

❖ Get the sequence right 

Fluid - get fluid responsiveness right 

Pressors - get BP up 

Dobutamine/RBCs - get effective CO right 

Microcirculation - stay tuned!



Goals of todays talk

❖ Put vasoactive drugs role into overall treatment context


❖ Discuss individual drugs


❖ Proof of what is best


❖ Consider the microcirculation



Download :!
http://www.jvsmedicscorner.com 

(Mallory / Everest2013)
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