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This issue of Annals features a study by Marino et al,"
who examine osmole gaps in a healthy population and assess
the effect of ethanol by measuring osmole gaps before and
after ingestion. The study contributes to the literature on
reference ranges for the osmole gap and offers insights
relevant to their clinical interpretation.l’() In this context, we
discuss the concept of a “normal osmole gap” and its
application to osmole gap measurements in clinical practice.

The osmole gap is the difference between measured
osmolality and calculated osmolarity.'” Osmolality
reflects the number of particles per kilogram of solvent,
whereas osmolarity expresses them per liter of solvent.'’
While osmolality is measured by vapor-pressure elevation
or freezing-point depression, calculated osmolarity is
derived from measurable, osmotically active serum
constituents, including sodium (and its related anions,
mostly chloride and bicarbonate), blood urea nitrogen,
glucose, and ethanol.” 112 Any gap between these two
values reflects osmotically active particles not accounted
for in the osmolarity calculation.

Ideally, the osmole gap should approach zero under
physiological conditions. However, when expressed as 2 SDs
from the mean, in prior studies that included healthy and
hospitalized individuals unexposed to exogenous osmotically
active substances (with the variable exception of ethanol), the
range of values span from —14 to +37 mOsm/kg,>*"*'?
Marino et al' demonstrate an even wider range of —7.1
to +53 mOsm/kg in their cohort of healthy volunteers.

This range arises from unmeasured osmoles and
deviations from ideal physicochemical properties of serum.
Ideal behavior assumes that particles in solution exist
independently.'" However, most particles in serum tend to
form physicochemical bonds.'*"® This putatively reduces
particle numbers, leading to lower-than-expected osmolality,
overestimated calculated osmolarity, and a smaller or even

negative gap. Additionally, errors such as asynchronous
blood sample collections for electrolyte and osmolality
measurements and use of blood-collection tubes with
osmotically active anticoagulants also contribute to gaps.'’

Osmole gap calculations find frequent clinical
application in screening for toxic alcohol exposures,
typically treated with fomepizole and optionally with
hemodialysis, based on severity.'®'” As osmotically active
agents, toxic alcohols increase the osmole gap, making it a
quick, low-cost, and accessible marker of exposure,
especially when history is unclear, confirmatory,
quantitative tests are unavailable, or both.!” However, in
clinical practice, “normal” shifts from statistical
distribution, typically reported as 2 standard deviations
from the mean, to arbitrary thresholds, with less than 10
mOsm/kg traditionally defined as “normal” based on older
literature.” Values of 10 mOsm/Kg and more are often
interpreted as indicative of toxic alcohol exposure, although
higher cutoffs (20-25 mOsm/Kg and more) have more
recently been documented.®”>! 2!

Patients with negative baseline gaps can develop rising
values following toxic alcohol exposure and yet still be
below the arbitrary +10 mOsm/kg clinical cutoff,
particularly because toxic alcohols produce small osmolal
increases at toxic thresholds.”” This can result in a normal
gap and a missed diagnosis. However, the risk of missed
diagnoses is often mitigated by additional clinical and
laboratory information.'” Even when not exposed to toxic
alcohols, patients with high-baseline gaps (10 mOsm/kg
and more) and unrelated encephalopathy risk being
misdiagnosed. This risk is further compounded by
conditions such as ketoacidosis, critical illness with
multiorgan failure, where increased cellular permeability
leads to the leakage of cellular contents into the serum, and
contracted plasma volumes, all of which increase measured
osmolality and hence widen the osmole gap.'”*>** The
osmole gap can also be increased by exogenous substances
besides toxic alcohols such as mannitol, sorbitol, or
glycine."” Osmole gaps of less than +10mOsm/Kg can
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occur in delayed presentations of toxic alcohol ingestion,
which typically have attendant metabolic acidosis resulting
from toxic alcohol conversion into non-osmotically active
acid metabolites.”' *? Hence, a normal osmole gap by itself
cannot rule out toxic alcohol exposures in patients with
metabolic acidosis of unknown origin.

In conclusion, Marino et al' demonstrate that
substantial variability exists in osmole gap values within the
healthy population, limiting their accurate interpretation in
individual cases.' Because premorbid gaps in patients with
toxic alcohol exposure are unknown, detecting increments
following exposure is challenging when relying on a single
cutoff. This difficulty is worsened by factors negatively
influencing osmole gap measurements. Given these
limitations, we suggest that an osmole gap be interpreted
within the individual clinical context. In patients
presenting with osmole gap elevations up to 25 mOsm/kg,
without attendant metabolic acidosis and history of toxic
alcohol ingestion, rule out ketosis and contracted plasma
volume and obtain a confirmatory test for toxic alcohol
before administering fomepizole. If confirmatory tests are
unavailable or delayed, monitor acid-base status and osmole
gap every 4 hours. Administer fomepizole with onset of
acidosis and osmole gap decline. Conversely, in patients
with features consistent with toxic alcohol toxicity such as
metabolic acidosis with visual disturbances or oxaluria,
promptly initiate fomepizole alongside confirmatory
testing, irrespective of the osmole gap. Consult nephrology
and toxicology for all patients on fomepizole to guide the
need for hemodialysis and treatment duration.
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