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σηψις
“Process by which flesh rots, swamps generate foul 
airs and wounds fester” 

Hippocrates



One can think of the middle 
of the twentieth century as 
the end of one of the most 
important social revolutions 

in history, the virtual 
elimination of the infectious 

diseases as a significant 
factor in social life. 

McFarlane Burnett, 1960



1938-52 
-8.2% /yr

Sulphonamide 1937-43: 
30%↓ maternal mortality 
24%↓ pneumonia mortality 
58%↓ scarlet fever mortality 
3%↓ all cause mortality

Armstrong GL et al. JAMA 1999; 281:61-66
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Sepsis: adult

2% of all patients admitted to hospital 

750,000 hospital admissions per annum in USA 

10% of all ICU admissions 

Mortality 20 - 40%



Paediatric Sepsis

3% of all patients admitted to hospital 

100,000 hospital admissions per annum in USA 

8.2% of all patients admitted to ICU 

Mortality 25%







1992: ACCP-SCCM

Sepsis defined as a systemic inflammatory 
response to infection 

“septicaemia (bacteraemia) neither a necessary 
condition or a helpful term”



SIRS: 2 or more of

T > 38°C or < 36°C 

HR > 90 

RR > 20 or PaCO2 < 32 mmHg 

WCC > 12,000 or < 4,000 or >10% bands



1992: ACCP-SCCM
SIRS - widespread inflammation (with or without 
documented infection)

SEPSIS - SIRS + documented infection (not necessarily 
bacteraemia)

MODS - dysfunction in ≥ 2 organ systems 

SEPTIC SHOCK - sepsis + hypotension (SBP < 90) 
despite adequate fluid resuscitation.

SEVERE SEPSIS - sepsis + MODS or hypotension
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Surviving Sepsis

“aggressive fluid resuscitation during the first 24 
hours” 

Hypotension or lactate > 4 mmol/L: 30 mL/kg in first 
3 hours + boluses titrated to CVP 8-15 mmHg



Too much of a good thing
Analysis of 23,513 patients with sepsis and septic 
shock admitted to ICU from ED in 344 US hospitals

Volume of fluid administered increased with 
increasing disease severity

Lower volume of fluid resuscitation reduced risk-
adjusted mortality by 0.7% per litre

Mortality increased by 2.3% per litre in patients 
receiving ≥5 litres per day

Marik PE et al. Intensive Care Med 2017; 43: 625-32



Malik PE et al. Intensive Care Med 2017; 43: 625-32



EGDT the morning after

405 consecutive adults, single centre, septic shock 

Resuscitated as per Rivers’ EGDT 

Clinical and radiological evidence of fluid overload 
identified in 76% on day 1 and 77% on day 3. 

Fluid overload associated with increased risk of 
mortality (OR 2.27 day 1, 1.92 day 3)

Kelm DJ et al. Shock 2015; 43: 68-73







Fluid boluses
Fluid will only work if it increases MAP > CVP

Fluid will only work if both ventricles are on the ascending limb of the Frank-Starling curve

Measurement of SV (with PLR or bolus) is the only proven method for assessing fluid
responsiveness

Fluid responsiveness ≠ need for fluid (necessarily)

Haemodynamic response to fluid is usually minor and transient

High CVP compromises organ perfusion

Interstitial oedema compromises oxygen delivery

Marik P. Crit Care Med 2016; 44: 1920-22



Rate of fluid

Children with septic shock, single centre, n=96 

RCT - 20 m/kg boluses over 20 minutes vs 5-10 min 

Slower bolus group had less need for MV at 6 hrs 
(36% vs 57%) and 24 hours (43% vs 68%) 

Mortality (18% / 17%) and LOS similar

Sankar J et al. Pediatr Crit Care Med 2017; 18: e435-45 







Type of fluid
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High dose prednisolone

VASSCSG 

223 patients, sepsis, randomised within 2 hrs 

30 mg/kg prednisolone + 5 mg/kg/hr x 9 hrs vs 
placebo. 

positive BC in 40%, 56% gram negative





High dose prednisolone

Bone et al. 1982-5 

382 patients, sepsis, randomised within 2 hrs 

30 mg/kg prednisolone q6 x 4 doses vs placebo 

positive BC in 47%, 2/3 gram negative
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Adrenal

Multicentre RCT - septic shock requiring MV + 
vasopressors or inotropes for ≥ 4 hrs 

200 mg/day hydrocortisone (infusion) vs placebo - 
infused until ICU discharge, max 7 days  

3658 patients 2013-2017



27.9%

28.8%



median 3 days

median 4 days



Adrenal

Faster resolution of shock (median 3 vs 4 days) 

Shorter initial ventilation (median 6 vs 7 days) 

Fewer blood transfusions (37.0 vs 41.7%) 

More adverse events (1.1 vs 0.3%) including 3 
patients with myopathy (vs 0)







APROCCHSS

2 x 2 design 

Hydrocortisone (200 mg/day) + fludrocortisone (50 
µg/day), APC, all 3, placebo 

1241 patients 2008-2015, septic shock, MODS, 
vasopressor at ≥ 0.25 mcg/kg/hr 

APC withdrawn from market part way through trial



mortality 35.4%

mortality 41.0%





Steroids in sepsis

High dose steroids no benefit and increase mortality 
if pre-existing renal impairment. 

Low dose steroids not harmful and probably have 
some benefits in secondary outcomes. 

Addition of fludrocortisone seems to improve 
mortality.



Menon K, McNally JD. Crit Care Med 2018; 46: 635-6 



Zimmerman JJ. Crit Care Med 2018; 46: 637-9 





Paediatrics
PRO: 
Physiologic rationale (RAI, augmentation of β effect, 
anti-inflammatory) 
Animal and adult evidence convincing  
No demonstrable risk of harm

CON: 
No RCT evidence  
A single dose of corticosteroid alters messenger 
RNA expression for 30% of the human genome



ACCCM recommends

“If a child is at risk of absolute adrenal insufficiency 
or adrenal pituitary axis failure and remains in septic 
shock despite epinephrine or norepinephrine 
infusion then hydrocortisone can be administered”





ECMO in sepsis

Sepsis traditionally a contraindication 

RCH Melbourne reported 47% survival to discharge 
in a series of 45 patients failing conventional 
therapy, higher in those with central cannulation 

“almost certain death” predicted at the bedside





Ascorbic Acid
Antioxidant, anti-inflammatory

Secreted from adrenal glands in stress response

Co-factor for dopamine-β-hydroxylase (dopamine 
→ noradrenaline) and vasopressin synthesis

Enhances ⍺ and β receptor activity

Preserves endothelial tight junctions



Ascorbic Acid

Patients with severe sepsis have low plasma 
ascorbic acid - increased metabolic turnover

Some correlation between levels and organ 
dysfunction

Seems to work in animals (!) - improved survival and 
less capillary leak



Ascorbic Acid

Levels should be measured and treatment initiated if 
< 25 µmol/L





Marik - Vitamin C

Three patients with sepsis “destined to die” with 
septic shock were administered Vitamin C and 
hydrocortisone and survived 

Treatment protocols changed to include Vitamin C 
(1.5 g IV q6 x 4 days) + hydrocortisone (50 mg q6) 
+ thiamine (200 mg q12) 

Pre/post propensity matched outcomes reported







β-blockers for sepsis
Typical septic patient has low resistance high CO 
circulation

Tachycardia increases myocardial O2 consumption, 
impairs diastolic function and is independently 
associated with poor outcome

High catechol levels (endogenous / exogenous) can 
directly damage myocardium: Takotsubo 
cardiomyopathy.



Morelli et al.

Single centre RCT esmolol vs placebo. Open label. 

Septic shock requiring noradrenaline with HR>95 at 
24 hours after admission to ICU 

Esmolol infusion to keep HR 80-94





β-blockers for sepsis

Lower oxygen consumption (- 25 mL/min/m2) 

Lower fluid requirement (3.9 vs 4.4 litres / 24 hrs) 

Lower norad requirement (- 0.11 µg/kg/min / 96 hrs) 

Lower mortality (49.4 vs 80.5%) - OR for death 
0.392, p < 0.001









Sepsis
Consider choice and rate of fluid carefully - NS probably not
the best

Get antibiotics in ASAP but a short delay is not deleterious

Add inotropes once 50-60 mL/kg administered (and earlier if
signs of fluid overload)

Low dose hydrocortisone (+fludro) is safe and effective

Ascorbic acid is promising and deficiency should be treated

Beta blockers are of interest


