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INTRODUCTION 
 
Brain natriuretic peptide (also known as B-type natriuretic peptide or BNP ) plays an important 
role in cardiovascular homeostasis.(1) 
These prohormones have been investigated extensively in perioperative medicine. 
Both BNP and NT-proBNP are biomarkers that can be rapidly accessed and are simple to access, 
however NT-proBNP is a more expensive test to run then BNP and is not offered in some 
institutions. 
 
In the following review I will be looking at the perioperative and critical care use of BNP/NT-
proBNP as a biomarker in diagnosis, prognostication, and risk stratification. 
 
 
Physiology of Natriuretic Peptides(2, 3) 
 
 

 
Figure 1:Flow diagram depicting physiological actions of the Natriuretic peptides.(2) 
 
Natriuretic peptides are hormones that are made in the heart and brain and released from the 
cardiac muscle cells of the myocardium in response to atrial or ventricular wall stretch, pressure 
overload or myocardial ischaemia and/or dysfunction.(1, 4)They respond by promoting 
vasodilatory, diuretic and natriuretic effects. These peptides form an important part of the Renin 
Angiotensin Aldosterone System (RAAS). 
Extracellular fluid (ECF) volume is determined by osmotically active solutes in the ECF, the most 
important determining factor is sodium. The control of water excretion is determined by volume 
and a rise in ECF volume will inhibit antidiuretic hormone (ADH) secretion, a reduction in ECF 
volume will stimulate ADH secretion. 
Angiotensin II is an important factor in the response to hypovolaemia, it stimulates ADH and 
aldosterone secretion, causes blood vessel constriction and thirst that will help maintain blood 
pressure. (Figure 1) 
With the expansion of the ECF volume the natriuretic peptides -Atrial and Brain natriuretic 
peptides (ANP and BNP) are secreted. These hormones then cause natriuresis and diuresis.(2) 
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Atrial Natriuretic peptide 

 
Atrial Natriuretic peptide (ANP) is a 28 amino acid and biologically active peptide that is 
synthesized, stored and is primarily released from atrial myocardial cells and at times from the 
ventricles. These myocytes contain volume receptors that respond to atrial stretch from atrial 
expansion by secreting ANP.A considerable amount of ANP can be synthesized in the ventricles 
in certain disease states of the heart such as in cardiac failure. 
Other factors that stimulate ANP release: 
-Angiotensin II 
-Endothelin 
-Sympathetic stimulation especially beta adrenergic mediated 
-Carotid and baroreceptors 
Both atria are involved in the release of ANP, but the right atria appear to be important in the 
quantity it releases.ANP has a short half-life and is metabolized by neutral endopeptidase (NEP). 
 

Brain Natriuretic peptide 

Brain Natriuretic peptide (BNP) is comparable to ANP and initially was identified in the brain but 
is also present in the cardiac ventricles. BNP is a 32 amino acid molecule and is present in 
circulation in concentrations 20% lower than that of ANP in normal subjects but exceed ANP in 
diseased conditions. 
 

NT Pro-BNP vs BNP 

 
Both NT-proBNP and BNP are as a result of proteolysis of pro-BNP which has 108 amino acids. 
N-terminal pro-Brain natriuretic peptide (NT-proBNP) is a 76 amino acid molecule that is a 
biologically inactive fragment of BNP and has a longer half-life of 1-2 hours when compared to 
BNP which is approximately 20 minutes.(4) 
Elevations in NT-proBNP are more pronounced than BNP in disease states because of its longer 
half-life and better stability for 72 hours in the plasma.(1)For this reason ,NT-proBNP is thought 
to be a more useful biomarker in disease states. 
It is therefore only fitting that both biomarkers have been largely studied as a diagnostic or 
prognostic biomarker in congestive heart failure and myocardial infarction with levels of NT-
proBNP being more markedly elevated because of its longer half-life.(1, 5) 
Baseline levels of BNP/NT-proBNP are influenced by a number of patient related factors: 
Higher values in, 

 Female 

 Elderly 

 Anaemia 

 Atrial fibrillation  
Lower values in, 

 Obese patients 
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Figure 2: Diagram of proBNP depicting enzymatic cleavage into biologically active BNP and NT-
proBNP.(6) 
 

C-type Natriuretic peptide 

C-type natriuretic peptide (CNP) is a paracrine mediator and is produced by vascular endothelial 
cells and is present predominantly in the pituitary and kidneys with very little amounts in circulation 
and the heart. Its function involves regulation of blood flow, but its physiological role remains 
unclear. 
 

Natriuretic peptide receptors 

Three different types of natriuretic peptide receptors (NPR) have been identified, NPR-A, NPR-B 
and NPR-C. The NPR-A and NPR-B receptors both have a cell membrane that has cytoplasm 
that are guanylyl cyclases.ANP has a great affinity for NPR-A receptor.CNP has affinity for NPR-
B receptor.NPR-C receptor has a truncated cytoplasm and binds all 3 natriuretic peptides. 
It has been suggested by physiologists that NPR-C acts via G proteins to activate phospholipase 
C and inhibit adenylyl cyclase, however, does not trigger any intracellular change. Instead, it is a 
clearance receptor that removes natriuretic peptides from the bloodstream which get released 
later. This helps in maintaining homeostasis in the blood of the hormone.(3) 
 

Secretion and Metabolism 

 
The secretion of natriuretic peptides is increased when extracellular volume is increased. 
BNP secretion is increased when the ventricles are stretched and ANP secretion is also increased 
by change in posture and central venous pressure.  
The rate of ANP secretion is directly proportional to the degree of atrial stretch. 
BNP secretion is directly proportional to the degree of ventricular wall stretch. 
BNP is metabolized via proteolysis by neutral endopeptidase and is cleared from plasma. A small 
fraction of BNP/NT-proBNP is cleared by the kidneys.(3) 
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Cardiovascular and renal effects of natriuretic peptides 

 Arterial hypotension 

 Reduces venous pressure 

 Systemic vasodilation 

 Natriuresis 

 Diuresis 

 Increase glomerular filtration rate and filtration fraction 

 Inhibition of renin release and subsequently 
inhibiting angiotensin II secretion 
inhibiting aldosterone secretion 

 Reduces capillary wedge pressure 
 
Perioperative function and Clinical relevance of BNP/NT-proBNP  
 
Cardiac failure 
 

Universal definition of heart failure as published by the European Society of Cardiology 
2021:(7) 

Heart failure is a clinical syndrome with symptoms/signs caused by structural/functional cardiac 
abnormality and is confirmed by elevated natriuretic peptide level and/or objective evidence of 
pulmonary or systemic congestion. 
 
Revised classification of heart failure classification according to left ventricular ejection fraction 
(LVEF) 

 Heart failure with reduced ejection fraction (HFrEF) 
LVEF 40% or less 

 Heart failure with mildly reduced ejection fraction (HFmrEF) 
LVEF 41-49% 

 Heart failure with preserved ejection fraction (HFpEF) 
LVEF 50% or more 

 Heart failure with improved ejection fraction (HFimpEF) 
baseline LVEF of 40% or less, a 10point or more increase from baseline and a 
second measurement of LVEF more than 40% 

BNP in the definition of Heart failure 

 
BNP and NT-proBNP play an essential part in making the diagnosis of heart failure in the clinical 
setting especially when the diagnosis is uncertain. The use of natriuretic peptides has the highest 
class of recommendation to support or exclude the diagnosis of heart failure in present day 
practice guidelines, However there are noted to be absent from most definitions of heart failure 
when compared to the universal definition of myocardial infarction where elevation of a biomarker 
(i.e. Troponin) is fundamental to the clinical diagnosis of myocardial infarction.(7) 
 
Despite limitations in the use of biomarkers (see below for other causes of an elevated BNP), the 
introduction of a qualitative biomarker component to a disease definition has improved the 
accurate classification of disease states and have proven to be of value in diagnosing myocardial 
infarction and other diseases. 
If available, measurement of natriuretic peptides is recommended. A plasma concentration of 
BNP that is less than 35pg/ml or NT-proBNP less than 125pg/ml makes the diagnosis of heart 
failure less likely (conversion factor: 1pg/ml=0.000001mg/ml). These cut off values are the upper 
limits of normal in the non-acute patient, with a negative predictive value of natriuretic peptide 
concentrations below these levels ranging from 0.94 to 0.98.(8) 
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Figure 3: Diagnostic algorithm for heart failure.(8) 

 
Plasma natriuretic peptides test, if available are recommended as an initial diagnostic test in 
patients with symptoms that are suggestive of cardiac failure to exclude its diagnosis. Elevated 
natriuretic peptides (NPs) are useful in supporting the diagnosis of cardiac failure, prognostication 
and in guiding further cardiac investigation. Limitations to the use of NPs in the diagnosis of 
cardiac failure include the fact that there are other cardiac and non-cardiac causes of elevated 
NPs that may reduce their diagnostic accuracy.(Figure 4 )(8) 
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The diagnosis of heart failure with mildly reduced ejection fraction (HFmrEF) where the ejection 
fraction (EF) is 41-49%, and heart failure with preserved ejection fraction (HFpEF) where the EF 
is 50%or more, requires the presence of clinical signs of cardiac failure. The presence of elevated 
NPs and other evidence of structural heart disease make the diagnosis more likely but are not 
mandatory for diagnosis if the measurement of left ventricular ejection fraction is available and 
certain. (Figure 3) 
 

Other causes of elevated BNP/NT-proBNP 

 
Increased plasma levels of BNP/NT-proBNP can also be caused by non-cardiac conditions. 
Increasing age and female gender have been found to have a significant effect on plasma BNP 
levels (9) however reasons as to how age and gender affect BNP concentrations are still 
unknown. Acute ischaemic stroke, pulmonary embolism and pulmonary arterial hypertension 
have also been shown to increase plasma levels of BNP and NT-pro BNP because of right 
ventricular strain (10). Renal injury or failure is also known to cause elevated levels of plasma 
BNP. (11, 12) 
These causes may reduce the natriuretic peptides diagnostic accuracy especially in heart failure. 
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Figure 4: Causes of elevated concentrations of natriuretic peptides.(8) 
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BNP/NT-proBNP in perioperative risk stratification 
 
Over the last 10 years, cardiovascular societies across the globe have published their perspective 
on perioperative guidelines on cardiac risk assessment and management for patients undergoing 
non-cardiac surgery using literature and available evidence they have available at the time of 
publication. 
The following section will look at each society’s most recent published guideline perspective on 
the use of natriuretic peptides as a biomarker in perioperative risk stratification and outcome 
prediction. 
 

2014 ACC/AHA Guideline on perioperative cardiovascular evaluation and management of 
patients undergoing non-cardiac surgery (9) 

 
The American guidelines were published in 2014 with a focus on perioperative cardiovascular 
evaluation and management of the adult patient going for non-cardiac surgery, which included 
pre-op risk assessment and cardiovascular testing. 
 
In these guidelines the role of natriuretic peptides is emphasized in assessing patients with heart 
failure and assisting in diagnosing or optimizing heart failure as a postoperative complication in 
high risk patients.(9) 
 
There is a mention made of including biomarkers (most commonly preoperative BNP/NT-proBNP) 
into multivariable risk models i.e., Revised Cardiac Risk Index (RCRI) score, National Surgical 
Quality Improvement Program (NSQIP). However, a recommendation was not made in this regard 
because the evidence was inconclusive and limited by the fact that most studies were 
observational, with significant differences in sampling times and did not include a control arm.(9) 
 
Assessment of the perioperative risk of MACE in these guidelines is recommended by assessing 
combined clinical and surgical risk. The recommendation is to use NSQIP risk calculator or 
incorporate RCRI.If the risk of MACE is >1%, then the functional capacity needs to be determined 
with an objective measure such as the Duke Activity Status Index (DASI) or Metabolic equivalents 
(METs). 
 
 

2014 ESC/ESA Guidelines on non-cardiac surgery: Cardiovascular assessment and 
management (10) 

 
The European guidelines were also published in 2014. 
These guidelines give a class IIb recommendation (i.e. usefulness/efficacy is less well established 
by evidence /opinion) with Level B evidence(i.e. data derived from a single randomized clinical 
trial or large non-randomized studies) for the measurement of pre-operative natriuretic peptides 
for risk stratification.(10)The recommendation is that BNP/NT-proBNP can be considered in high 
risk patients undergoing noncardiac surgery for obtaining independent prognostic information for 
peri-operative and late cardiac events.(10) 
High risk patients are defined as patients with METs of 4 or less or with a RCRI score of >1 for 
vascular surgery and > 2 for no-vascular surgery. 
Class I recommendation (i.e. Evidence and/or general agreement that a given treatment or 
procedure is beneficial, useful, effective) with Level B evidence is made for the use of clinical risk 
indices (RCRI and NSQIP) to be used for perioperative risk stratification. 
European guidelines further recommend that postoperative measurement of natriuretic peptides 
and high sensitivity troponin can be considered in high-risk patients (as defined above) to improve 
risk stratification. (Class IIb recommendation, Level B evidence) (10)This is based on the finding 
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that when pre-operative NP measurement on its own was compared to the addition of a post-
operative NP measurement ,risk stratification was enhanced for the composite outcomes of death 
or non-fatal myocardial infarction at 30 days and at 180 days or more after non cardiac 
surgery.(11)A limitation of this finding published in a systematic review by Rodseth et al in 2014 
is that the post-operative sampling  of BNP/NT-proBNP was performed at the same time interval 
in the studies that they looked at ,however more than 90% of patients included in the analysis 
had the sampling done within the First day post-surgery and about 98% had NP sampling done 
within the first 3days post-surgery.(11) 
 
 

Canadian Cardiovascular Society (CCS) Guidelines on Perioperative Cardiac Risk 
Assessment and Management for Patients who undergo Noncardiac Surgery(12) 

 
The Canadian guidelines were published in 2017 with the aim of providing a practical approach 
for perioperative cardiac risk assessment and management of patients identified as being high 
risk for a major adverse cardiac event presenting for non-cardiac surgery. 
The primary focus of these guidelines is centered around 4 themes: 

 Preoperative cardiac risk assessment 

 Perioperative cardiac risk modification, 

 Monitoring of perioperative cardiac events 

 Management of perioperative cardiac complications 
As part of preoperative cardiac risk assessment, the CCS guidelines make recommendations on 
3 methods of estimating perioperative cardiac risk: 

 Clinical risk indices 

 Cardiac biomarkers 

 Noninvasive cardiac testing 
 
A strong recommendation with moderate quality evidence is made by the Canadian 
Cardiovascular Society to measure natriuretic peptides before non-cardiac surgery in the 
following group of patients: 
1.Patients 65 years of age and older 
2.Patients between the ages of 45 and 64 years of age with significant cardiovascular disease. 
3.Patients with a Revised Cardiac Risk Index score (RCRI) of 1 or more. (See Figure 4 below) 
BNP/NT-proBNP testing has been demonstrated to be a good predictor of MACE and performs 
significantly better than RCRI.(13) (See Figure 5) 
 
Significant cardiovascular disease is defined and includes the following:(12) 

 Cerebral vascular disease 

 Coronary artery disease 

 Peripheral artery disease 

 Congestive heart failure 

 Severe pulmonary hypertension  

 Severe obstructive intracardiac abnormality (i.e. severe mitral stenosis, aortic stenosis or 
hypertrophic obstructive cardiomyopathy) 

The list of patients recommended for preoperative cardiac risk assessment before non-cardiac 
surgery was extrapolated from data from the VISION (Vascular Events in Non cardiac Surgery 
Patients Cohort Evaluation) study. The VISION study showed that the patients listed above have 
a >5% baseline risk for cardiovascular death or non-fatal myocardial infarction at 30 days after 
surgery versus patients without the above-mentioned factors who have a risk of <2%.(14) 
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Figure 5: Revised Cardiac Risk Index Score table.(12) 

 
 

 
 
Figure 6: AUC for BNP and RCRI in predicting perioperative outcomes (n=632).(13) 
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Figure 7: Canadian cardiovascular Society guidelines on perioperative cardiac risk assessment and 
management for patients who undergo noncardiac surgery.(12) 

 
In a meta-analysis by Rodseth et al published in 2014 levels of 92mg/L or more of BNP and levels 
of 300ng/L of NT-proBNP were found to be significant thresholds associated with an increased 
risk of death or non-fatal myocardial infarction at 30 days post non cardiac surgery.(11) 
Death or nonfatal myocardial infarction within 30 days post non cardiac surgery occurred in 4.9% 
of patients with BNP/NT-proBNP levels below 92mg/L and 300ng/L respectively and in 21.8% of 
patients with BNP/NT-proBNP levels above these thresholds.(11, 12)(See Figure 7) 
 

 
Figure 8: Risk estimate of death or myocardial infarction at 30 days after non cardiac surgery, based on 
preoperative BNP/NT-proBNP result. 
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South African cardiovascular risk stratification guideline for non-cardiac surgery (15) 

 
The recently published South African cardiovascular risk stratification guideline for non-cardiac 
surgery were published in 2021 as a consensus statement for the perioperative cardiovascular 
stratification and management of peripheral arterial disease in South Africa, with the hope of being 
applicable to the rest of Africa.(15) 
 
The incidence of MACE >5% is reported in the following patients: 
1.Non cardiac surgical elective patients 45 years of age and older with significant cardiovascular 
disease which includes a history of stroke, transient ischemic attack, coronary artery disease or 
congestive cardiac failure. 
2. Patients presenting for vascular surgery who are 18 years of age or older with peripheral 
vascular disease. 
 
These guidelines suggest that patients with a predicted major adverse cardiac event (MACE) risk 
of more than 5% within 30 days of elective surgery ,require risk stratification.(15) 
This incidence was extrapolated from an African cohort of patients in the ASOS (African Surgical 
Outcomes Study) study findings and the VISION study.(16, 17) 
 
Pre-operative testing of natriuretic peptides has been demonstrated to be a good predictor of 
perioperative adverse events and performs significantly better than the revised cardiac risk index 
(RCRI),and this has been confirmed in South African vascular patients.(15, 18) 
As a result, these guidelines (South African), give a strong recommendation with high quality 
evidence that all elective non cardiac surgical patients with >5% risk of MACE as listed above 
require pre-op risk stratification using pre-op BNP/NT-proBNP screening. 

 
Figure 9: South African Cardiac patient for non-cardiac surgery practice guidelines algorithm.(15) 
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Elevated natriuretic peptides are defined as a BNP level >99pg/ml* and a NT-proBNP >300 
pg/ml*,at these levels these natriuretic peptides are predictive of >5% of the risk of developing 
MACE.(15) *Units conversion factor: 1pg/ml=0.000001mg/ml 
If pre-op natriuretic peptides are elevated above the stated levels the recommendation is to 
conduct daily postoperative troponin measurements for 48-72 hours to help monitor for the 
development of myocardial injury after non cardiac surgery (MINS) which can be asymptomatic 
in the post-operative period. 
 
In the African population the use of age and RCRI has been found to not add important additional 
information in predicting the risk of MACE.(15) 
 
According to the most recent published National Health Laboratory Service (NHLS) State price 
list published in 2018, the cost of a Brain-type Natriuretic peptide (proBNP) test is R466.98,(19) 
it is therefore recognized that in a resource limited country like South Africa it may not be always 
possible to conduct a preoperative natriuretic peptide test in some hospitals. The South African 
guideline has made a provision that in the case where the test is unavailable, or resources are 
limited the patient who has >5% risk of MACE should be monitored postoperatively for MINS. 
 
Risk assessment and stratification is important especially for the cardiac patient presenting for 
non-cardiac surgery because it considers the patients physiological status in the presence of co-
existing disease and the extent and impact the surgical stress response will have on an individual 
at significant risk of a perioperative cardiac event. It also provides a means for communicating 
risk to the patient and other members of the peri-operative team which is important for surgical 
planning, provides a pathway for patient management, post-operative placement, and monitoring. 
Numerous tools are available to assist with the risk stratification process and natriuretic peptides 
are one of those tools. They have been extensively researched and remain a top contender with 
a strong prognostic ability in predicting outcomes in patients at high risk for developing major 
adverse cardiac events which contribute substantially to peri-operative deaths.  
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BNP/NT-proBNP and Outcome prediction in ICU 
 
Elevated levels of both BNP and NT-pro BNP have been investigated as a marker of adverse 
outcomes in critically ill patients. A systematic review and meta-analysis looking at BNP for 
prediction of all-cause mortality in adult patients with sepsis published in 2012 found that elevated 
BNP and NT-pro BNP were significantly associated with an increased risk of mortality (odds ratio 
8.65; 95% confidence interval 4.94 to 15.13 ;p<0.0001).(20) In contrast to this finding, another 
meta-analysis looking at the prognostic value of plasma BNP value for patients with sepsis 
published in 2018 concluded that elevated BNP and NT-proBNP have moderate prognostic value 
for patients with sepsis. This was supported by a pooled sensitivity of 0.84 (95% CI: 0.65-0.89) 
and a specificity of 0.73(95% CI :0.65-0.79) with a diagnostic odds ratio of 14 (95% CI :7-27).(21) 
 
Heterogeneity exists across studies regarding optimal cut off points for BNP level, optimal timing 
of BNP measurement and follow up period. A prospective observational cohort single-centre 
study of 78 consecutive patients done in 2004 by Cuthbertson et al found that BNP measured 
soon after admission into the ICU did not accurately predict 30 day hospital mortality for all 
patients, including patients with sepsis or septic shock.(22)The difference in the means of BNP 
between survivors and non survivors was 365pg/ml with a standard deviation of 450pg/ml with a 
power of 80% at a p value of 0.05.(22) 
 
In 2011, Grassi et al conducted a prospective study that included all patients that were admitted 
in a general (medical, surgical, trauma except cardiac surgery patients) ICU. (23)They looked at 
the relationship between BNP and hospital mortality with a secondary aim to investigate the 
association between BNP and the simplified acute physiology score II (SAPS II)- a severity of 
illness score used in adult intensive care units, both done at admission into the ICU. A total of 
228 patients were studied and they found that BNP plasma levels done on admission predicted 
the risk of in hospital death (odds ratio 1.59 ;95% CI 1.30 to 1.95; p<0.0001). (23) The results 
showed that survivors had a lower median BNP of 127.10 pg/ml and non survivors had a higher 
median BNP of 371.20 pg/ml, p<0. 0001.The laboratory at the study centre provided double cut 
off points for BNP with a normal value being below 100 pg/ml, abnormal above 500pg/ml and 
indeterminate between 100pg/ml to 500pg/ml. When BNP was compared to the SAPS II score, 
there was no statistical difference between the two and furthermore BNP was shown to have 
additive predictive value on the SAPS II score. (23)  
 
Rhee et al in 2014 investigated NT pro BNP as a predictor of ICU and hospital mortality in a 
prospective multicenter cohort study of 1440 critically ill patients.(24) ICU survivors had a 
significantly lower NT pro BNP (median BNP 268pg/ml) than ICU non survivors (median BNP 
1021 pg/ml). Hospital survival results were similar. NT pro BNP of 514.8 pg/ml had a sensitivity 
of 62% and a specificity of 66% for predicting hospital mortality, positive predictive value of 0.37 
and a negative predictive value of 0.84.(24) 
 
BNP as a predictor of outcome in the critically ill patient has not been investigated in the South 
African population to date. Rodseth et al conducted a prospective observational study at Inkosi 
Albert Luthuli Central Hospital (Durban, South Africa) looking at predictors of all-cause mortality 
in post-operative vascular surgery patients and if postoperative indices including BNP added 
value.(18)However this was a study done only on elective patients undergoing vascular surgery 
in patients risk stratified using preoperative BNP and were not necessarily admitted into the ICU 
post operatively. They found that optimal(>60pg/ml) post-operative BNP was not statistically 
significantly associated with outcome. (18) 
 
The difficulty of predicting ICU mortality in a resource limited setting exists and there is a paucity 
of data from African ICUs looking at prediction of ICU outcomes. Being able to predict mortality 
outcomes in ICU is important for risk stratification, triaging of critically ill patients and in assisting 
clinical decision making. There is a possibility that additional biomarkers might improve risk 
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stratification in this setting, BNP might be a candidate, but it is not yet established whether there 
is an association between BNP level and survival outcome in a general ICU in a South African 
setting.  
 
A matched case control study has been done in a general ICU in Durban looking at if there is a 
difference in BNP levels between ICU patients who die and ICU patients who survive and if BNP 
levels associated with ICU mortality in the critically ill patient. 
The aim of the study is to improve clinical decision making and risk stratification in general ICUs 
in South Africa. Data collection has been completed and the data is being analysed, the results 
of the findings of this data are still pending. It will be interesting to find out if BNP levels are 
associated with mortality in this population group. 
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CONCLUSION 
 
BNP and NT-proBNP play an important role in perioperative medicine especially in risk stratifying 
patients at high risk for MACE. It remains the cardiac biomarker of choice in the pre-operative risk 
assessment process and is strongly recommended by recent local guidelines. Like many other 
risk assessment tools and perioperative investigations, it is not without limitations including cost 
and accessibility which are important considerations in a resource limited country like South 
Africa. Evidence for its use in the ICU setting remains inconclusive requiring more research. All 
things considered the perioperative physician needs to remain cognizance of the latest guidelines 
and be able to use them when appropriate. 
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