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Critically ill patients, in particular those who are being managed
with the life support systems have simple to complex acid–base
disorders and are mostly metabolic in nature.1 Given that they need
monitoring or managing with simple fluid and electrolyte correction
to an institution of advanced organ supports, a serial, structured,
and reproducible approach is beneficial for the individual clinician.
During the evolution of bedside care of critically ill, arterial blood
gas (ABG) and less frequently venous blood gas (VBG) analysis has
become quintessential part of this process.2,3 From the lives saved
during the polio epidemic with basic measurements of blood gases,
ABGs have come a long way and now are being used for more
complex decisions and in turn for precision and individualized care.
Arterial blood gases, which express few measured and
many derived values, require a structured approach to integrate
and interpret. Research into analysis of ABGs went from basic
measurement to noting differences between healthy and acutely
ill patient profiles, comparison to VBGs, ability to diagnose specific
illnesses and comparison of various methods of interpreting from
many aspects.4,5 It’s utility is so high that we are now finding ways
to curtail its routine use to a more purpose-driven testing.6,7
Arterial blood gases help understand oxygenation and
ventilation through measurement of partial pressure of the gases
in the sample. Coming to the main aspect of the discussion, they
also allow assessment of acid–base or metabolic aspects through
its direct measurement of CO2 and pH and derived values of serum
bicarbonate (HCO3) and base deficit. The pattern of the above is
interpreted in general with the use of one or more of many methods
developed over the last 60 years. Four commonly used ones are
given below for reference but not limited to:8,9
•
•
•
•

CO2-bicarbonate method (traditionally known as the Boston
approach)
Anion gap (described by Emmit and Narins)
Base excess/base deficit method (also known as Copenhagen
approach)
Stewart–Fencl method (Stewart approach and its variations)

I note with significant interest the article by Paliwal et al., in this
issue where an albumin correction of the traditional approach is
pitched against Stewart approach in diagnosing missed acid–base
disorders in ABGs that were deemed normal. This study included
patients predominantly from a hemato-oncological intensive care
unit and with it some factors that may influence either approach.
Though theoretically, Stewart approach is considered superior in
identifying abnormalities, a finding of clinical equivalence noted in
this study is in keeping with the available evidence.10,11
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One area where the Stewart approach has shown to be superior
is in its ability to diagnose complex acid–base abnormalities with
or without the help of other approaches. This is in particular with
plasma unmeasured anions in setting of metabolic acidosis.12 But,
as lactate is measured in most modern ABGs, the small proportion
of nonlactate unmeasured anions and their utility in diagnosis and
prognostication is becoming less relevant in day-to-day bedside
practice.
The majority of the bedside interpretation is based on the
bicarbonate-anion gap approach and lately, there is increasing
reliance on the use of base excess or deficit in addition or
exclusively to diagnose metabolic pathologies. It is rare in clinical
practice to use the Stewart approach in isolation for varying
reasons (complicated and requiring multiple other biochemical
measurements).
Literature search seems to confirm the long-held opinion that
the Stewart approach does not offer better clinical (diagnostic,
prognostic, or therapeutic) options that were not already apparent
with the use of a more traditional approach.13–16 The failure of the
Stewart approach to be better at diagnosis and prognostication
in comparison to traditional approaches has been predominantly
due to various factors. Technological differences and measurement
errors which could become cumulative are one reason, while
reference ranges are another. Last but not the least contributor of
inconsistent results being variation in study population (underlying
illness, severity, and fluid administered).17
While the above approaches have been evaluated on a
head-to-head comparison to evaluate the metabolic process
while analyzing ABGs of critically ill, it was also noted that
these approaches are to be used more complimentary rather
than comparative. The simpler the acid–base abnormality, the
easier, faster, and better the traditional methods (Boston/anion
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Revisiting Stewart’s Approach
gap approaches) did on their own or with albumin and lactate
correction. On the other hand, complex disorders could get help
from the Stewart approach (enhancing base excess or anion gap
approaches in identification).18,19

C o n c lu s i o n
In the case of metabolic acidosis, a diagnostic algorithm use is
likely to improve etiological diagnosis. Unmeasured anion (UA)
measurement as part of simple or complex acid–base abnormalities
in critically ill attracted extensive research given its association with
outcome. A number of approaches used to identify and quantify
UA have failed to be superior to one another.
The Stewart approach and its modifications have improved their
ability to identify UAs but once other methods employed simple
lactate and/or albumin correction, its superiority is lost. Noting all
the above and in keeping with bedside practice, we continue using
these approaches in a complementary way rather than comparative
to better understand these complex processes.
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