Things We Do for No Reason™: Calculating a “Corrected Calcium” Level
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Inspired by the ABIM Foundation’s Choosing Wisely® campaign,
the “Things We Do for No Reason™” (TWDFNR) series reviews
practices that have become common parts of hospital care but
may provide little value to our patients. Practices reviewed in the
TWDFNR series do not represent clear-cut conclusions or clinical
practice standards but are meant as a starting place for research
and active discussions among hospitalists and patients. We invite
you to be part of that discussion.

CLINICAL SCENARIO

A hospitalist admits a 75-year-old man for evaluation of acute
pyelonephritis; the patient’s medical history is significant for
chronic kidney disease and nephrotic syndrome. The patient
endorses moderate flank pain upon palpation. Initial serum
laboratory studies reveal an albumin level of 1.5 g/dL and a
calcium level of 10.0 mg/dL. A repeat serum calcium assess-
ment produces similar results. The hospitalist corrects calci-
um for albumin concentration by applying the most common
formula (Payne's formula), which results in a corrected calci-
um value of 12 mg/dL. The hospitalist then starts the patient
on intravenous (IV) fluids to treat hypercalcemia and obtains
serum 25-hydroxyvitamin D and parathyroid hormone levels.

BACKGROUND
Our skeletons bind, with phosphate, nearly 99% of the body’s
calcium, the most abundant mineral in our body. The remain-
ing 1% of calcium (approximately 9-10.5 mg/dL) circulates in
the blood. Approximately 40% of serum calcium is bound to
albumin, with a smaller percentage bound to lactate and ci-
trate. The remaining 4.5 to 5.5 mg/dL circulates unbound as
free (ie, ionized) calcium (iCa)." Calcium has many fundamental
intra- and extracellular functions. Physiologic calcium homeo-
stasis is maintained by parathyroid hormone and vitamin D.2
The amount of circulating iCa, rather than total plasma calci-
um, determines the many biologic effects of plasma calcium.
In the hospital setting, clinicians commonly encounter pa-
tients with derangements in calcium homeostasis.® True hyper-
calcemia or hypocalcemia has significant clinical manifestations,
including generalized fatigue, nephrolithiasis, cardiac arrhyth-
mias, and, potentially, death. Thus, clinical practice requires cor-
rect and accurate assessment of serum calcium levels.
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WHY YOU MIGHT THINK CALCULATING A
"CORRECTED CALCIUM" LEVEL IS HELPFUL
Although measuring biologically active calcium (ie, iCa) is the
gold standard for assessing calcium levels, laboratories strug-
gle to obtain a direct, accurate measurement of iCa due to
the special handling and time constraints required to process
samples.* As a result, metabolic laboratory panels typically re-
port the more easily measured total calcium, the sum of iCa
and bound calcium.® Changes in albumin levels, however, do
not affect iCa levels. Since calcium has less available albumin
for binding, hypoalbuminemia should theoretically decrease
the amount of bound calcium and lead to a decreased report-
ed total calcium. Therefore, a patient’s total calcium level may
appear low even though their iCa is normal, which can lead
to an incorrect diagnosis of hypocalcemia or overestimate of
the extent of existing hypocalcemia. Moreover, these lower re-
ported calcium levels can falsely report normocalcemia in pa-
tients with hypercalcemia or underestimate the extent of the
patient’s hypercalcemia.

For years physicians have attempted to account for the un-
derestimate in total calcium due to hypoalbuminemia by calcu-
lating a “corrected” calcium. The correction formulas use total
calcium and serum albumin to estimate the expected iCa. Re-
finements to the original formula, developed by Payne et al in
1973, have resulted in the most commonly utilized formula to-
day: corrected calcium = (0.8 x [normal albumin — patient's albu-
min]) + serum calcium.®” Many commonly used clinical-decision
resources recommend correcting serum calcium concentrations
in patients with hypoalbuminemia.t

WHY CALCULATING A CORRECTED CALCIUM
FOR ALBUMIN IS UNNECESSARY

While calculating corrected calcium should theoretically pro-
vide a more accurate estimate of physiologically active iCa
in patients with hypoalbuminemia,* the commonly used cor-
rection equations become less accurate as hypoalbuminemia
worsens.® Payne et al derived the original formula from 200 pa-
tients using a single laboratory; however, subsequent retrospec-
tive studies have not supported the use of albumin-corrected
calcium calculations to estimate the iCa.**" For example,
although Payne's corrected calcium equations assume a
constant relationship between albumin and calcium bind-
ing throughout all serum-albumin concentrations, studies
have shown that as albumin falls, more calcium ions bind to
each available gram of albumin. Payne’s assumption results in
an overestimation of the total serum calcium after correction
as compared to the iCa.® In comparison, uncorrected total
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serum calcium assays more accurately reflect both the
change in albumin binding that occurs with alterations in al-
bumin concentration and the unchanged free calcium ions.
Studies demonstrate superior correlation between iCa and
uncorrected total calcium.*%"

Several large retrospective studies revealed the poor in vivo
accuracy of equations used to correct calcium for albumin. In
one study, Uppsala University Sweden researchers reviewed
the laboratory records of more than 20,000 hospitalized pa-
tients from 2005 to 2013.7 This group compared seven correct-
ed calcium formulas to direct measurements of iCa. All of the
correction equations correlated poorly with iCa based on their
intraclass correlation (ICC), a descriptive statistic for units that
have been sorted into groups. (ICC describes how strongly
the units in each group correlate or resemble each other—
eg, the closer an ICC is to 1, the stronger the correlation is be-
tween each unit in the group.) ICC for the correcting equations
ranged from 0.45-0.81. The formulas used to calculate correct-
ed calcium levels performed especially poorly in patients with
hypoalbuminemia. In this same patient population, the total
serum calcium correlated well with directly assessed iCa, with
an ICC of 0.85 (95% Cl, 0.84-0.86). Moreover, the uncorrected
total calcium classified the patient’s calcium level correctly in
82% of cases.

A second study of 5,500 patients in Australia comparing
total and adjusted calcium with iCa similarly demonstrated
that corrected calcium inaccurately predicts calcium status.™
Findings from this study showed that corrected calcium val-
ues correlated with iCa in only 55% to 65% of samples, but
uncorrected total calcium correlated with iCa in 70% to 80% of
samples. Notably, in patients with renal failure and/or serum
albumin concentrations <3 g/dL, formulas used to correct cal-
cium overestimated calcium levels when compared to directly
assessed iCa. Correction formulas performed on serum albu-
min concentrations >3 g/dL correlated better with iCa (65%-
77%), effectively negating the utility of the correction formulas.

Another large retrospective observational study from Nor-
way reviewed laboratory data from more than 6,500 hospital-
ized and clinic patients.”" In this study, researchers calculated
corrected calcium using several different albumin-adjusted
formulas and compared results to laboratory-assessed iCa.
As compared to corrected calcium, uncorrected total calcium
more accurately determined clinically relevant free calcium.

Finally, a Canadian research group analyzed time-matched
calcium, albumin, and iCa samples from 678 patients.* They
calculated each patient's corrected calcium values using
Payne's formula. Results of this study showed that corrected
calcium predicted iCa outcomes less reliably than uncorrected
total calcium (ICC, 0.73 for corrected calcium vs 0.78 for uncor-
rected calcium).

Utilizing corrected calcium formulas in patients with hy-
poalbuminemia can overestimate serum calcium, resulting
in false-positive findings and an incorrect diagnosis of hypercal-
cemia or normocalcemia.’? Incorrectly diagnosing hyper-
calcemia by using correction formulas prompts management
that can lead to iatrogenic harm. Hypoalbuminemia is often

500 Journal of Hospital Medicine® Vol 16 | No 8 | August 2021

associated with hepatic or renal disease. In this patient pop-
ulation, standard treatment of hypercalcemia with volume
resuscitation (typically 2 to 4 L) and potentially IV loop diuret-
ics will cause clinically significant volume overload and could
worsen renal dysfunction.” Notably, some of the correction
formulas utilized in the studies discussed here performed
well in hypercalcemic patients, particularly in those with pre-
served renal function (estimated glomerular filtration rate
>60 mL/min/1.73 m?).

Importantly, correction formulas can mask true hypocalce-
mia or the true severity of hypocalcemia. Applying correction
formulas in patients with clinically significant hypocalcemia
and hypoalbuminemia can make hospitalists believe that the
calcium levels are normal or not as clinically significant as they
first seemed. This can lead to the withholding of appropriate
treatment.™

WHAT YOU SHOULD DO INSTEAD

Based on the available literature, uncorrected total calcium
values more accurately assess biologically active calcium. If a
more certain calcium value will affect clinical outcomes, clini-
cians should obtain a direct measurement of iCa.**"" There-
fore, clinicians should assess iCa irrespective of the uncor-
rected serum calcium level in patients who are critically ill or
who have known hypoparathyroidism or other derangements
in iCa." Since iCa levels also fluctuate with pH, samples must
be processed quickly and kept cool to slow blood cell me-
tabolism, which alters pH levels.* Using bedside point-of-care
blood gas analyzers to obtain iCa removes a large logistical
obstacle to obtaining an accurate iCa. Serum electrolyte in-
terpretation with a properly calibrated point-of-care analyzer
correlates well with a traditional laboratory analyzer.'

RECOMMENDATIONS

e Use serum calcium testing routinely to evaluate calcium ho-
meostasis.

e Do not use corrected calcium equations to estimate total
calcium.

e If a more accurate measurement of calcium will change
medical management, obtain a direct iCa.

* Obtain a direct iCa measurement in critically ill patents and
in patients with known hypoparathyroidism, hyperparathy-
roidism, or other derangements in calcium homeostasis.

¢ Do not order a serum albumin test to assess calcium levels.

CONCLUSION

Returning to our clinical scenario, this patient did not have true
hypercalcemia and experienced unnecessary evaluation and
treatment. Multiple retrospective clinical trials do not support
the practice of using corrected calcium equations to correct for
serum albumin derangements.**"" Hospitalists should there-
fore avoid the temptation to calculate a corrected calcium lev-
el in patients with hypoalbuminemia. For patients with clinical-
ly significant total serum hypocalcemia or hypercalcemia, they
should consider obtaining an iCa assay to better determine
the true physiologic impact.
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Do you think this is a low-value practice? Is this truly a “Thing
We Do for No Reason™"? Share what you do in your practice
and join in the conversation online by retweeting it on Twitter
(#TWDFNR) and liking it on Facebook. We invite you to pro-
pose ideas for other “Things We Do for No Reason™" topics
by emailing TWDFNR@hospitalmedicine.org
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