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The objective was to evaluate the severity of ethylene glycol (EG) intoxications in a 3-year retrospective study of
the calls to the Toxicological Information Centre (TIC). Data about clinical course of patients with EG poisoning
reported to the TIC in the years 2000-2002 were analysed. They were completed by the data from discharge records
from the hospitals and by toxicological analyses. The y-square test, Student’s t-test, Fisher’s test and the calculation
of linear correlation coefficient were used for statistical analysis. The significance level was set at 0.05. TIC received
total 188 calls concerning EG, from which 33 discharge reports were gained. There were 30 males (age 5-74 years)
and 3 females (age 10-54 years). The patients ingested 252 ml on average (30-1000 ml); lethal dose (100 ml) was
exceeded in 14 patients. Mean time interval from ingestion to admission was 3 hours (3-24 hours), mean length of
hospitalisation 6 days (1-76 days). Fourteen patients developed metabolic acidosis, nine unconsciousness, thirteen
signs of nephrotoxicity and nine signs of hepatotoxicity. Three patients died. Antidote ethanol was given in 30 patients.
Other treatment included haemodialysis (20 cases) and B vitamins (23 cases). Ingested dose and the time interval
between ingestion and admission correlated with severity of kidney damage. These data confirm that EG poisoning
could seriously threaten the life. Renal parameters were abnormal in 30 % of patients who were discharged from the

hospital. Those patients will be followed to evaluate the reversibility of EG toxic kidney damage.

INTRODUCTION

In the Czech Republic acute intoxications with ethy-
lene glycol (EG) represent a serious clinical problem’.
According to the statistical analysis of the Institute of
Health Information and Statistics of the Czech Republic
125 patients were intoxicated with EG during the period
2000-2002.

EG is a colourless, odourless and sweet-tasting com-
pound. It causes intoxication with a poor prognosis and
high mortality. EG is a common main constituent (about
90 %) of most antifreeze solutions. It is also used as a
foam stabilizer, a constituent of hydraulic brake fluid,
softening agent for cellophane and as a component for
chemical synthesis. Non-intentional ingestions frequently
involve exposure of children to toxic antifreeze products
and drinking antifreeze with EG instead of ethanol by
ethyl alcohol abusers. Intentional ingestions result from
suicidal attempts.

The commonly quoted EG minimum lethal dose
is 1-1.5 ml/kg or approximately 100 ml for an adult?.
However, this value is based on the extrapolation from
animal studies performed during the 1930s and on case re-
ports from the 1940s (ref.3>-*). The toxic EG blood level is
approximately 0.2 g/1 and the lethal EG blood level about

2 g/1 (ref.?). Significant toxicity of EG metabolites, such as
glycol aldehyde, glycolic, glyoxylic and oxalic acids, elimi-
nated by the kidneys leads to severe multi-organ damage
and to acute renal failure®’. The first step of this metabolic
pathway is catalysed by enzyme alcohol dehydrogenase
in the liver. Thus, inhibitors of alcohol dehydrogenase
(ethanol or fomepizole) prevent the biotransformation
of EG to toxic metabolites.

The classical pathologic finding is acute tubular necro-
sis of proximal tubular cells and the presence of calcium
oxalate crystals in the proximal tubules*. Although renal
function following EG intoxication usually returns to
normal range, haemodialysis may be required for months
and some renal damage may persist®-'. Early diagnosis,
intensive treatment with the antidote ethanol, elimina-
tion of the poison by haemodialysis and correction of
acid-base balance abnormalities are crucial measures for
the therapy.

The Czech Toxicological Information Centre (TIC)
has been working in Prague since 1962. Nowadays it an-
swers calls received during 24 hours from hospitals and
public all over the country using both it’s own Czech
database and databases Poisindex by Micromedex and
INCHEM.
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The objective of this study was to evaluate retrospec-
tively the severity of EG intoxications in a 3-year study of
the calls to the TIC.

MATERIALS AND METHODS

Data concerning clinical course of patients with EG
poisoning reported to the TIC in the years 2000-2002
were analysed. They were completed by the discharge
records data from the hospitals and by toxicological analy-
ses. Following factors were analysed: age, sex, amount of
EG ingested, delay between the intake of EG and admis-
sion to the hospital, days of hospitalisation, serum EG
levels, biochemical markers of nephrotoxicity (serum cre-
atinine above 110 umol/1) and hepatototoxicity (activity
of aspartate aminotransferase (AST) above 0.72 ukat/l
and activity of alanine aminotransferase (ALT) above
0.78 ukat/l), symptoms, outcome of intoxication and treat-
ment. The y-square test, Student’s t-test, Fisher’s test and
the calculation of linear correlation coefficient were used
for statistical analysis. The significance level was set at
0.05.

RESULTS

The TIC received totally 188 calls concerning EG
intoxication during the period 2000-2002, from which
thirty-three discharge reports were gained. There were
two children (age 5 and 10 years), twenty-nine males
(age 15-74 years) and two females (age 17 and 54 years).
Eleven patients committed suicide attempts, fourteen
patients ingested EG by mistake. The reason of inges-
tion remained unknown in eight persons. Several of them
probably considered EG to be an alcoholic beverage. In
ten patients other poisons were co-ingested. It concerned
ethanol in nine patients and rodenticide bromadiolone
in two patients.

The ingested dose of EG was known in twenty-three
patients. They ingested 252 ml of EG on average (range
30-1000 ml). The potential lethal dose (100 ml) was
exceeded in fourteen patients. In nine patients the time
of intoxication was unknown. Sixteen persons were ad-
mitted to the hospitals 1-6 h after poison ingestion; five
after 6-12 hours; two after 12-24 h and one after 72 h
after EG ingestion. Mean length of hospitalisation was
six days (1-76 days). EG blood level on admission was
measured in fifteen patients (mean value 1.8 g/l, range
0.2-8.0 g/1).

Fourteen patients developed severe metabolic acido-
sis (pH <7.2). In nine patients mildly elevated activity of
liver enzymes was observed. The mean maximal AST and
ALT activity was 11.3 pkat/l1 and 8.4 ukat/l, respectively.
In all but one the hepatic function recovered completely
during discharge. Thirteen patients developed laboratory
signs of nephrotoxicity (range maximal serum creatinine
level 121-1115 umol/l). In this group of patients the in-
gested dose was known only in seven patients (mean value
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417 ml). The mean length of hospitalisation was twenty-
eight days. Serum creatinine level was still elevated in ten
patients during discharge from hospitals. Further symp-
toms and complications were present: sopor or coma in
twelve patients; hypertension or elevated blood pressure in
nine patients; tachycardia in seven patients; bronchopneu-
monia in four patients; muscular cramps in three patients;
miosis in two patients; brain oedema in two patients; toxic
cardiomyopathy in one patient and respiratory failure in
one patient. Three patients died. The reason of death was
metabolic failure in two cases and asystole in one case.

The antidote ethanol was given in thirty patients.
Other treatment included haemodialysis (twenty cases),
B vitamins (twenty-three cases) and symptomatic treat-
ment.

In patients the ingested dose over 150 ml correlated
with the kidney damage (p = 92.5 %), with the level of
metabolic acidosis (p = 99.2 %) and with the degree of de-
pression of the central nervous system (p = 92.5 %). The
time interval between ingestion and admission correlated
with the metabolic acidosis (p = 93.4 %), with the kidney
damage (p = 93.8 %), depression of the central nervous
system (p = 97.6 %) and with the length of hospitalisation
(p=95%).

DISCUSSION

Accidental or suicidal EG ingestion is one of the most
severe causes of poisoning in the Czech Republic'. The dif-
ference of the number of intoxicated patients with EG be-
tween the Institute of Health Information and Statistics of
the Czech Republic and TIC is caused by the holes in the
statistical system (not all patients with EG intoxication
are not reffered to the Institute) as well as by more calls
to the TIC concerning one patient intoxicated with EG.
Results of our study indicate that the potential toxic dose
is ingested very easily. It could be as little as one draught.
Adult men are the most endangered population probably
due to better accessibility to EG containing products to
them, especially antifreeze fluids.

Our analysis of outcome and treatment of patients
with EG intoxication confirmed that the most important
prognosis factors are the ingested dose and the early an-
tidotal treatment. Even though the mean ingested dose
252 ml of our patients is, according to the literature, le-
thal, the mortality was only 9 % probably because 48 % of
our patients were admitted earlier than 6 hours after EG
ingestion and 70 % during the first 24 hours.

In comparison with studies from Poland or Sweden,
the mortality rate in our patients is lower. Stompor et al.?
presented an analysis of EG acute intoxication treatment
results in a group of thirty-six patients (mean EG blood
level on admission 1.3 g/1). Eighteen persons (50 %) died.
Only 11 % of their patients were admitted earlier than
6 hours after EG ingestion. The dose taken by our patients
is comparable with the results of Sydor et al.”® in a group
of fifteen patients, who ingested 400 ml EG on average
and the mortality was 53 %. The main reason of the high
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mortality was again a long time interval between poison-
ing and admission to hospital. In the study of Hylander
et al.'" and Karlson-Stiber et al."* mortality was 17 % from
thirty-six patients intoxicated with EG. The ingested dose
of EG was known only in eight patients (mean value
481 ml). From six patients who died, four were admit-
ted 12 hours after intake and two patients 24 hours after
intake. Of the seven survivors, two patients were admit-
ted within 6 hours, one patient within 12 hours and four
within 24 hours after intake.

In our group the typical features of poisoning were:
metabolic acidosis, various degree of depression of the
central nervous system, nephrotoxicity, hepatotoxicity and
cardiovascular complications. Most patients were treated
with the antidote ethanol, correction of metabolic acidosis
and B vitamins. Haemodialysis treatment was introduced
for toxin elimination as well as for correction of acid-base
balance disturbances and in eleven patients as a treatment
of acute renal failure. The outcome was mostly favourable
and mortality very low.

Howeyver, renal parameters were still elevated in 30 % of
patients who were discharged from the hospital. Relatively
rare case reports'® ! show that the renal function in the
surviving patients after some time usually returns to nor-
mal values. However these data are limited. Therefore
our patients, who were discharged with abnormal mark-
ers of nephrotoxicity, will be followed-up to evaluate the
reversibility of EG toxic kidney damage.

ACKNOWLEDGEMENT

Supported by MSM 021620807.

REFERENCES

1. Kfenova M, Pelclova D. (2004) Potential Hepatotoxic and
Nephrotoxic Substances Reported to the Czech Toxicological
Information Centre in Past 3 Years. J Toxicol Clin Toxicol 42,
498.

2. Barceloux DG, Krenzelok EP, Olson K, Watson W. (1999)
American Academy of Clinical Toxicology Practice guidelines on
the treatment of ethylene glycol poisoning. J Toxicol Clin Toxicol
37, 537-600.

3. Hess R, Bartels MJ, Pottenger LH. (2004) Ethylene glycol: an es-
timate of tolerable of exposure based on a review of animal and
human data. Arch Toxicol 78, 671-80.

4. Pons CA, Custer RP. (1946) Acute ethylene glycol poisoning:
A clinico-pathologic report of eighteen fatal cases. Am J Med Sci
211, 544-52.

5. Widman C. (1946) A few cases of ethylene glycol intoxication. Acta
Med Scand 126, 294-306.

6. Berman LB, Schreiner GE, Feys J. (1957) The nephrotoxic lesion
of ethylene glycol. Ann Intern Med 46, 611-9.

7. Introna FJ, Smialek JE. (1989) Antifreeze (ethylene glycol) intoxi-
cation in Baltimore. Report of six cases. Acta Morphol Hung 37,
245-63.

8. Bobbitt WH, Williams RM, Freed CR. (1986) Severe ethylene gly-
col intoxication with multisystem failure. West J Med /44, 225-8.

9. Collins JM, Hennes DM, Holzgang CR, Gourley RT, Porter GA.
(1970) Recovery after prolonged oliguria due to ethylene glycol
intoxication. Arch Intern Med /25, 1059-62.

10. Curtin L, Kraner J, Wine H. (1992) Complete recovery after mas-
sive ethylene glycol ingestion. Arch Intern Med 752, 1311-3.

11. Rasic S, Cengic M, Golemac S, Macanovic M. (1999) Acute renal
insufficiency after poisoning with ethylene glycol. Nephron &/,
119-20.

12. Stompér T, Szymczakiewicz-Multanowska A, Sulowicz W, Pach J,
Groszek B, Winnik L, Kuzniewski M. (1996) Ethylene glycol acute
poisoning treatment results in Krakow in the years 1990-1994.
Przegl Lek 53, 361-4.

13. Sydor A, Holys S, Witek R. (1996) Acute ethylene glycol poison-
ing in the Tarnow region in the years 1982-1993. Przegl Lek 53,
138-142.

14. Hylander B, Kjellstrand CM. (1996) Prognostic factors and treat-
ment of severe ethylene glycol intoxication. Intensive Care Med 22,
546-52.

15. Karlson-Stiber Ch, Persson H. (1992) Ethylene glycol poisoning:
experiences from an epidemic in Sweden. J Toxicol Clin Toxicol
30, 565-74.

16. Friedman EA, Greenberg JB, Merrill JP. (1962) Consequences of
ethylene glycol poisoning. Report of four cases and review of the
literature. Am J Med 32, §91-902.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


