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Abstract
Introduction  Assays for ethylene glycol (EG) with a rapid turn-around time are not routinely available. Clinicians must 
rely on historical features and readily available clinical tests, combined with clinical acumen, to guide the initial manage-
ment of suspected EG poisoning. Hypocalcemia has been suggested as a clue supporting the diagnosis of EG poisoning in 
patients presenting with an unexplained high anion gap metabolic acidosis (HAGMA). A previous small study challenged 
this assumption.
Methods  This was a retrospective case series of one state’s poison control system of confirmed EG-poisoned patients between 
September 2017 and April 2021. The definition of EG poisoning was based on suspected EG ingestion and a serum EG 
concentration > 5 mg/dL. Patients who were suspected to have EG toxicity but did not have a confirmed EG concentration 
or the EG concentration was less than 5 mg/dL were excluded. Routine laboratory studies were recorded for all patients. 
Comparisons between serum calcium on presentation to presenting blood pH, bicarbonate, anion gap, and creatinine were 
assessed for correlation.
Results  There was no correlation between the presenting calcium and either pH or creatinine. There was a weak positive 
correlation between the initial serum calcium and anion gap, a weak negative correlation between the initial serum calcium 
and bicarbonate.
Conclusion  On hospital presentation, hypocalcemia was not associated with EG poisoning, even in patients with a HAGMA. 
A normal serum calcium on presentation does not exclude the diagnosis of EG poisoning.
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Introduction

Assays for ethylene glycol (EG) with a rapid turn-around 
time to assist in clinical decision-making are not routinely 
available. Clinicians must make use of historical features, 
routine laboratory tests and clinical acumen for the early 
management of suspected EG poisoning. Hypocalcemia has 
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been suggested as a clinical finding supportive of the diagno-
sis of EG poisoning in a patient with a high anion gap meta-
bolic acidosis (HAGMA) [1–4]. The proposed mechanism 
is the consumption of free calcium by complexation with 
oxalic acid, the ultimate organic acid in the metabolism of 
EG, forming the nearly insoluble calcium oxalate salt. Given 
this proposed mechanism, patients already with a HAGMA 
would more likely be expected to be hypocalcemic, whereas 
those presenting early after EG ingestion and with trivial 
metabolism of the parent compound would be less likely to 
have an abnormal serum calcium.

A previous single institution retrospective review found no 
correlation between serum pH and total serum calcium, ion-
ized calcium (iCa) or albumin-corrected serum calcium in 
patients with documented ethylene glycol poisoning [5]. This 
small study had several limitations, including missing data that 
resulted in the exclusion of some EG positive cases as well as 
a small number of patients with severe acidemia (pH < 7.10).

To address some of the limitations of this previous study, 
particularly the small number of severely acidotic patients 
(pH < 7.10, n = 10), we performed a larger multicenter 
study to further investigate the association between serum 
calcium and acid base status in EG poisoned patients on 
initial presentation to a healthcare facility. This was a ret-
rospective case series of ethylene glycol poisoning reported 
to either the Upstate New York Poison Center (UNYPC) 
or the New York City Poison Control Center (NYCPCC). 
These are the only two poison centers in New York, with 
yearly call volumes of about 42 and 80,000, respectively 
(UNYPC and NYCPCC). The primary study question was, 
is hypocalcemia a useful diagnostic tool for EG poisoning? 
A secondary objective was to look for other possible associa-
tions between serum calcium and other important laboratory 
tests in EG-poisoned patients.

Methods

From September 2017 through April 2021, all cases of labo-
ratory confirmed ethylene glycol poisoning were identified. 
Candidate cases were identified by review of Toxicall on a 
daily basis for either verbatim entry of ethylene glycol in the 
substance description or the entry of either product code for eth-
ylene glycol in the product description. Weekend and holiday 
cases might not have been identified until the following busi-
ness day. Case collection was aided by an anomaly alert sent to 
several of the study investigators at the UNYPC. A later review 
of Toxicall was performed to ensure there were no missed 
cases. Cases were not limited to single substance exposure. An 
EG concentration above the laboratory detection limit, typically 
≥ 5 mg/dL, was used to define ethylene glycol poisoning. This 
study was non-interventional beyond requesting that poison 
information specialists recommend that an EG concentration 

be performed for all suspected cases of EG poisoning. Base-
line demographic information as well as first reported labora-
tory test results by the healthcare facility were recorded. We 
extracted the following laboratory data directly from the poison 
center chart: serum electrolytes, creatinine, total and ionized 
serum calcium, albumin, anion gap, blood gas, lactate, ethanol, 
measured osmolality, and osmol gap. We limited ourselves to 
the initial lab results for all cases as these would most likely 
reflect those tests clinicians use to make decisions in real time 
and without the aid of a blood EG concentration. Since an EG 
concentration was used merely for confirmation purposes, this 
test may have been performed on blood obtained at a subse-
quent blood draw. For laboratory results that were reported as 
less than the reporting limit for the test (serum bicarbonate or 
pH), an imputed value of [lower limit – 1 or lower limit – 0.1, 
respectively] was assigned. Patients suspected of EG toxicity 
but without a confirmed EG concentration or an EG concentra-
tion less than 5 mg/dL were excluded. Data were entered into 
an anonymized, identical data collection sheet at each poison 
center. The two data collection forms were merged at study 
completion prior to analysis.

Statistical Analysis

Continuous data were analyzed with descriptive statistics 
(i.e., mean, range, standard deviation). Associations between 
the initial total (or ionized) calcium as a potential predictor 
of EG toxicity were compared to serum pH, serum bicar-
bonate, and anion gap by correlation testing. Correlation 
between the presenting serum creatinine was also compared 
to calcium. The data were assessed for normality using both 
the Shapiro-Wilk and Kolmogrov-Smirnov test. Correlation 
analysis was performed using the non-parametric Spear-
man’s rank correlation for non-normally distributed data 
and Pearson’s correlation coefficient for normally distributed 
data; a p-value < 0.05 was considered a statistically signifi-
cant correlation. All analyses were performed using Prism 
9 for macOS (GraphPad Software, San Diego, CA, USA).

This study was deemed IRB exempt by the sponsoring 
institution of each poison center (Upstate Medical Univer-
sity, Syracuse and New York City Department of Health).

Results

There were a total of 81 subjects with confirmed EG poison-
ing during the study period, 34 from the NYCPCC, and 47 
from the UNYPC. Of these, 26 did not have a presenting 
serum calcium documented in the poison center chart (20 
from NYCPC and 6 from UNYPC), leaving 55 cases that 
met inclusion criteria, 41 from UNYPC (75%) and 14 from 
NYCPCC (25%). Thirty-five subjects were male (64%). The 
mean and median age of included subjects was 46 and 48 
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years, respectively. Of the 55 cases, 19 were coded as inten-
tional ingestions and 1 as an unintentional ingestion, and in 
35, no reason for the exposure was documented. Forty-one 
of 52 (79%) had a serum bicarbonate ≤ 15 mmol/L, 43 of 
54 (79%) had an anion gap > 15, 14/55 (25%) had a total 
serum calcium < 8.5 mg/dL, and 22/52 (42%) had a serum 
creatinine > 1.2 mg/dL (see Table 1).

Fifty-two of the 55 subjects (95%) had sufficient data to 
allow for comparison of total serum calcium to pH, bicar-
bonate and creatinine. In two cases with the pH reported as 
< 7.0 an imputed value of 6.9 was used. In 54 cases, com-
parison to the anion gap was possible (Fig. 1). Six cases had 
a serum bicarbonate reported as less than the lower limit of 
quantification, < 5 mEq/L in 2, < 6 mEq/L in 3, and < 8 
mEq/L in one. After imputation of a bicarbonate for these 6 
cases, there were 54 cases for comparison of calcium to the 
anion gap. The data were not normally distributed by either 
the Shapiro-Wilk or Kolmogrov-Smirnov test; correlation 
testing was assessed using Spearman’s ρ. Results are pre-
sented graphically in Fig. 2.

There was no correlation between the presenting serum 
calcium and pH (n = 52, rho = −0.093, p = 0.511). There 
was a weak positive correlation between the initial serum 

calcium and anion gap (n = 54, rho = 0.382, p = 0.004) 
and a weak negative correlation between the initial serum 
calcium and bicarbonate (n = 52, rho = −0.283, p = 
0.042). There was no correlation between the total serum 
calcium on presentation and serum creatinine (n = 52, rho 
< −0.002, p= 0.987). Ionized calcium was recorded in 
only 7 cases and albumin in only 20; comparisons using 
these variables were not performed. A measurable etha-
nol concentration was reported in 8 cases, ethanol was 
absent in 33, and was not reported or not performed in 
14 cases. Comparison of calcium to osmol gap was not 
performed either due to missing data, such as an ethanol, 
measured osmolality, or calculated osmolarity in 21 of the 
55 cases. Additionally, in some cases, it was not clear from 
the poison center documentation if the reported calculated 
osmolarity already included an ethanol correction or not.

Discussion

The evaluation of patients with suspected EG poisoning 
continues to be a challenge. Few hospitals have a readily 
available, rapid turnaround assay for EG. This can result 

Table 1   Laboratory results. Values are initial values reported to poison center.

(Reference ranges provided merely for perspective and may differ institution to institution. Reference ranges from:urmc.rochester.edu/encyclope-
dia.aspx)

Total calcium 
(mg/dl)
[nl 8.5–10.3]

pH Bicarbonate(mmol/L)
[nl 22–32 mmoI/L]

Anion gap
[nl 4–12]

Creatinine 
(mg/dL)
[nl 0.5–1.3]

Ethylene glycol 
(mg/dL)

# subjects 55 52 52 54 52 55
  Mean 9.07 7.115 11.33 23.91 1.56 142.9
  Median 9.4 7.115 11 23.5 1.2 96

IQR 25–75 8.3–9.9 6.995–7.285 5.5–14 19–31 0.895–1.86 36–159
Range 4.3–11.4 6.68–7.42 2–28 8–40 0.6–8.3 11.5–1394

Fig. 1   Summary of cases avail-
able for correlation calculation 
with each variable.
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in a significant delay before a definitive diagnosis can be 
made. Prompt treatment however may prevent complications 
such as acute kidney injury (AKI) and neurologic toxicity. 
Clinicians must use their clinical acumen, aided by read-
ily available tests, such as an otherwise unexplained anion 
gap metabolic acidosis or elevated osmol gap to facilitate 
decision-making. Hypocalcemia has also been posited as 
a clue to the diagnosis of EG poisoning [1–4], although in 
addition to our previous study, a study by Sutter et al. also 
questioned that. In their study of 45 patients with confirmed 
EG poisoning, using a model of multiply imputed data sets, 
a higher serum calcium on hospital presentation was predic-
tive of EG poisoning [6].

Glycolic acid, glyoxylic acid, and oxalic acid are all 
byproducts of EG metabolism [1]. Hypocalcemia may 
result from the complexation of calcium with oxalate to 
form the essentially insoluble salt calcium oxalate mono-
hydrate, which has a room temperature solubility product 
constant (Ksp) of 2.32 × 10−9 [7]. Despite this, and similar 
to a previous study, we did not find evidence of a signifi-
cant relationship between serum calcium and metabolic 
acidosis in EG-poisoned patients [5]. In fact, we observed 
a weak negative correlation between serum calcium on 

presentation to serum bicarbonate and a positive correla-
tion between serum calcium and anion gap (i.e., calcium 
concentration tended to be higher with a lower bicarbonate 
and higher with a larger anion gap). The finding of a weak 
negative correlation between serum calcium and bicarbo-
nate was observed previously as well [5].

One explanation for the lack of any significant correla-
tion between serum calcium and EG-related metabolic aci-
dosis is that homeostatic mechanisms are able to keep pace 
with oxalate production as EG is metabolized. Typically, 
the concentration of glycolic acid is 50 to 100-fold higher 
than that of either glyoxylic acid or oxalic acid [8]. This 
suggests that the rate-limiting step in the complete metab-
olism of EG to oxalic acid is the oxidation of glycolic acid 
to glyoxylic acid. If the subsequent metabolism of glyox-
ylic acid to oxalic acid occurs at a rate that allows normal 
homeostatic mechanisms to compensate for calcium com-
plexation with oxalic acid, serum calcium concentrations 
would not be expected to be dramatically impacted.

Several studies suggest that this may indeed be the 
case. Ethylenediamine acetate (EDTA) is a potent calcium 
chelator, forming essentially insoluble Ca2EDTA [Ksp 
of 4.07 × 10−16] [9]. A study in rabbits demonstrated the 

Fig. 2   Correlation of initial serum calcium to pH, bicarbonate, anion gap and creatinine
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dependence of the rate of infusion of ethylenediamine 
tetra-acetic acid on the development of hypocalcemia. 
Rapid infusion of 100 mg/kg led to rapid demise due to 
hypocalcemia while a slower infusion of 2000 mg/kg over 
3 hours was tolerated before ultimate demise [10]. In dogs, 
a 50 mg/kg infusion of trisodium EDTA administered over 
1 hour resulted in a transient decrease in serum calcium, 
with concentrations returning to above 90% baseline value 
within 1 hour of infusion completion [11]. A study of human 
volunteers infused with either 2 or 4 g di-sodium EDTA 
over 6 hours did not result in any appreciable change in 
serum calcium [12]. The results of this study suggest that, 
at least in adults, rapidly mobilizable calcium stores are able 
to compensate for the consumption of free and albumin- 
bound calcium during infusion of di-sodium EDTA at these 
rates. Whether this is also true in children poisoned by 
EG is unknown. Fatalities associated with the inadvertent 
infusion of di-sodium EDTA instead of the intended calcium 
di-sodium EDTA have been reported in children. In one 
case, a 2-year-old child died with hypocalcemia about 3 
hours after initiation of an infusion at 75 mg/h; in a second 
case, a 5-year-old child died but neither the dose nor infusion 
rate were reported [13].

We had few subjects in our study with significant kid-
ney injury and observed no correlation between a lower 
serum calcium concentration and elevated serum creatinine. 
Although our data are limited to test this question, one pos-
sible explanation for the hypocalcemia sometimes observed 
in EG-poisoned patients is concomitant acute kidney injury 
(AKI). Like chronic kidney failure, hypocalcemia is often a 
feature of AKI. Proposed mechanisms include impaired con-
version of 25-hydroxyvitamin D3 to 1,25-dihydroxyvitamin 
D3, decreased gut and kidney responsiveness to 1,25 D3, 
and skeletal resistance to parathyroid hormone [14]. These 
same mechanisms may have a role in the development of 
hypocalcemia when it is observed in patients with AKI from 
EG ingestion.

A small case series by Jacobsen et al. supports AKI 
as a possible contributing factor [8]. In this case series, 
6 critically ill patients presenting with EG poisoning had 
profound metabolic acidosis with anion gaps greater than 
30. In 5 of the 6 in whom it was reported, the serum calcium 
on admission was normal (2.23–2.52 mmol/L or 9.28 to 
10.08 mg/dL). All 6 patients went on to develop AKI. In 
the four patients with both a presenting serum calcium 
and a follow-up calcium 6–12 hours later, hypocalcemia 
was present on the repeat testing (1.82–1.94 mmol/L or 
7.28–7.76 mg/dL).

Hypocalcemia has also been described in EG-poisoned 
patients without AKI. A 33-year-old female presented with 
intoxication and a history of EG ingestion. She had normal 
electrolytes and serum creatinine with an anion gap of 18 on 
presentation. She was promptly treated with intravenous ethanol 

and received hemodialysis. Four hours later, during HD, her 
serum calcium was 10.2 mg/dL with a bicarbonate of 20 mEq/L 
and an AG of 13. Twelve hours post presentation and comple-
tion of 4 hours of HD, she had a bicarbonate of 29 mEq/L, AG 
of 7, creatinine of 0.8 mg/dL, and calcium of 7.5 mg/dL. Her 
calcium remained low for at least the next 12 hours [15]. In this 
particular case, it is difficult to attribute hypocalcemia to EG 
metabolites as she never manifested a significant acidemia and 
was promptly and appropriately treated.

Stašinskis R et al. recently reported their findings from 
a retrospective cohort of 47 adults with EG poisoning 
admitted to a single referral center [4]. They described the 
change in iCa over time following admission. They reported 
that hypocalcemia was a common finding, with 60% having 
hypocalcemia on admission and over 90% at some point 
during their hospitalization. They defined hypocalcemia 
as an iCa < 1.18 mmol/L. (A reference range for iCa at 
their institution was not provided. A standard laboratory 
reference text lists a normal ionized calcium in adults as 
1.05–1.3 mmol/L [16].) Although they observed that a low 
iCa was a common finding at some point after hospital 
admission, their data showed no correlation between pH 
and iCa at the time of hospital admission. An important 
difference between their study and ours is that we were 
looking specifically for any correlation between the serum 
calcium on presentation and markers of more severe 
poisoning, such as a low pH or bicarbonate, elevated AG, 
and creatinine, rather than changes in calcium over time 
after admission.

Limitations  This study addresses one of the limitations 
of our previous study, the number of patients with severe 
acidosis (pH < 7.10, n = 26 compared to n = 10 in the 
previous [5]). However, there are a number of other 
important limitations to this study. Most importantly, 
we did not have an a priori estimation of the degree of 
correlation between the variables investigated and serum 
calcium and therefore did not perform an a priori power 
calculation and cannot exclude a type II error for those 
comparisons where no correlation was found. Three-
fourths of the cases were from the UNYPC; this lack of a 
more balanced distribution of cases between the 2 poison 
centers also limits the generalizability of our results. Data 
extraction was performed by the study authors, and we 
did not perform any measure of inter-rater reliability 
between abstractors or the two poison centers. The lack of 
consistent documentation in the poison center chart also 
impacted the total number of cases we were able to study 
and as well limited our comparisons. Twenty-six of 81 
cases of EG poisoning were excluded solely due to lack of 
a serum calcium. Of the 55 we report on, iCa and albumin 
were uncommonly documented in the poison center chart, 
and we did not investigate these further. We assumed that 
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the first chemistries reported in the poison center chart 
represented the intake results at hospital. Although we 
can assume with confidence that the results for calcium, 
bicarbonate, anion gap, and creatinine were from a single 
contemporaneous blood sample, it is possible that blood 
gas pH may have been performed on a specimen obtained 
at a different time. Confounders include an inability to 
account for any impact that time from exposure to ED 
presentation or that ethanol co-ingestion may have 
had on serum calcium. We do not know if any of our 
subjects had pre-existing kidney disease or other medical 
conditions that could potentially impact baseline calcium 
concentration (e.g., hyper-parathyroidism, hypo- or 
hyper-albuminemia). Some of these factors may also be 
unknown to the clinician at the time of presentation. We 
also acknowledge that the cut-off values we use in the 
results section are arbitrary and intended only to highlight 
the number of patients in this study who most would 
agree were sicker.

Despite these many limitations, our results demonstrate 
that even in patients suspected of being late presenters 
of EG poisoning based on either a low bicarbonate or 
an elevated AG, the weak correlations we observed 
between the first reported serum calcium and either the 
bicarbonate or AG occurred in the “opposite” direction as 
to what might be expected from the complexation of serum 
calcium by oxalate.

Our conclusions are limited to adults, and we would not 
presume that these findings are also true in children. During 
the study period, one of the reference labs used to confirm 
EG exposure transitioned to an enzymatic EG assay. This 
assay is not specific for EG and false positives may occur 
[17]. However, since these cases were all clinically sus-
pected EG exposures, we do not feel that this affects our 
results.

Conclusion  On hospital presentation, hypocalcemia was 
not associated with EG poisoning, even in patients with a 
HAGMA. A normal serum calcium on presentation does not 
exclude the diagnosis of EG poisoning. In adults presenting 
with an unexplained anion gap metabolic acidosis, serum 
calcium concentration should not influence a clinician’s 
decision to either pursue or discard EG poisoning as part of 
them differential diagnosis.
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