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A case of suicide secondary to diethylene glycol intentional ingestion
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Abstract

We aimed to describe a case of acute kidney injury (AKI) with an uncommon case. We described a previously health 24
years old male that presented acute kidney injury associated with neurological and respiratory symptoms. He was initially
admitted at the hospital with nausea, vomiting, blurred vision, and reduced urine output. The patient’s condition got worse
approximately in one week. Laboratory tests revealed high levels of nitrogenous waste, hyponatremia, metabolic acidosis
with an increased anion gap, and the presence of proteinuria and hematuria. The patient experienced paresthesia, seizures,
respiratory alterations, and altered consciousness. The initial diagnostic hypothesis of rapidly progressive glomerulone-
phritis was not confirmed. A deeper investigation of the case exposed that it could have occurred an intentional exogenous
poisoning with diethylene glycol (DEG). Renal biopsy unveil findings suggestive of poison-induced nephrotoxicity, which
corroborated the suspicion. Despite therapeutic efforts, the patient died due to pulmonary complications. This case report
shows the need to consider DEG poisoning as a etiology of AKI, especially in patients with neurological symptoms.
Laboratory and histopathological analysis were crucial for the diagnosis.
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Introduction

Diethylene glycol (DEG), a low-cost, colorless, odorless,
sweet-tasting substance, finds wide application in various
industries, including pharmaceuticals, cosmetics, lubri-
cants, heating fuels, and plasticizers [1-3]. Its versatility as
a solvent makes it essential for water-insoluble substances,
permeating multiple industrial sectors. Even in the produc-
tion of alcoholic beverages, DEG plays a role by facilitating
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the cooling process, which amplifies its harmful potential.
One of the most concerning aspects of DEG is the low
concentration of the compound that leads to toxicity. The
minimal toxic dose is of 0.14 mg/kg, while a lethal dose can
range from 1 to 1.63 g/kg [1].

DEG poisoning emerges as a potential lethal condition
that causes acute kidney injury (AKI) among other compli-
cations. AKI is characterized by a rapid deterioration of renal
function often accompanied by systemic complications.
Despite its inherent toxicity, DEG poisoning is notable for
the challenge of early diagnosis, given its nonspecific initial
clinical manifestations. Adding complexity to the scenario,
DEG is rapidly absorbed through the gastrointestinal tract,
limiting opportunities for intervention after ingestion [1].

In this article, we report the case of a young patient who
died as a consequence of AKI accompanied by neurologi-
cal and respiratory deterioration. The investigation revealed
DEQG intentional ingestion as the underlying cause of death.
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Case report

This concerns a 24-year-old male patient who was admit-
ted in a tertiary hospital due to acute kidney injury. He had
been referred from a secondary hospital with complaints of
nausea, vomiting, blurred vision, and reduced urine output,
which had gotten worse over the course of approximately
one week. At admission, the patient had a slight increase
in systolic blood pressure (140 x 77 mmHg) and displayed
some degree of lethargy, although he was lucid (See Fig. 1).

The patient had no prior comorbidities and was not on
any continuous medication. In his medical history, there was
a depressive disorder background that had been treated with
medication from the ages of 12 to 14 but without specialized
medical follow-up after treatment discontinuation.

Laboratory tests revealed high levels of nitrogenous
waste products (urea reanging from 136 to 294 and cre-
atinine ranging from 4.72 to 8.62), hyponatremia (sodium
ranging from 115 to 125), and metabolic acidosis with
an increased anion gap (Table 1). Other laboratory tests,
including serologies for HIV, hepatitis B and C, serum com-
plement factor levels (C3: 1.1 g/L, C4: 0.38 g/L), and anti-
nuclear factor, showed no abnormalities. Two consecutive
hemocultures were negative.

Urinalysis detected the presence of proteins and red
blood cells (proteins++and >100 RBCs per field). The
renal ultrasound showed topical, enlarged, heterogeneous
kidneys with parenchymal changes. There were no signs
of calculi or hydronephrosis. Table 1 displays the exams
(hemogram, blood gas, glucose levels and lactate), during
hospitalization.

On the second day of hospitalization, the patient reported
paresthesia on the right side, followed by tonic-clonic sei-
zures on the third day. Imaging studies and analysis of
cerebrospinal fluid were conducted to investigate the neu-
rological changes. Study by computed tomography (CT) of
the skull showed no demonstrable abnormalities and ruled

Fig. 1 Imaging evaluation at the
second day of hospitalization. A)
Chest X-Ray showed a discrete
infiltrate in pulmonary paren-
chyma. B, C, D and E) Images
of brain computed tomography
wihtout structural abnormalities
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out intraparenchymal hemorrhage. The lumbar puncture
revealed increased protein levels suggestive of an inflam-
matory process.

On the seventh day of hospitalization, the patient exhib-
ited a change in respiratory pattern, decreased oxygen satu-
ration, and a reduced level of consciousness, necessitating
orotracheal intubation. Chest X-ray revealed diffuse bilat-
eral parenchymal infiltrate (Fig. 2), associated with elevated
procalcitonin levels, suggesting a secondary lung infection.
At this stage, diagnostic hypotheses included pneumonia
and sepsis. Broad-spectrum antibiotic therapy was initiated,
and cyclophosphamide administration was suspended.

The patient was transferred to the intensive care unit
(ICU) and underwent renal replacement therapy for ure-
mia, although he maintained a residual urinary volume. The
presence of proteinuria and hematuria, along with enlarged
kidneys, raised the suspicion of acute glomerulonephritis.
Considering the epidemiology, laboratory results, and find-
ings of renal ultrasound, suspicion of Rapidly Progressive
Glomerulonephritis (RPGN) was raised. A renal biopsy was
performed, and the patient received intravenous corticoste-
roid pulse therapy (1 g for three days), with a follow-up plan
that included the use of cyclophosphamide (1 g/m?). The
result of the renal biopsy revealed diffuse tubular vacuolar
degeneration, multifocal acute tubular necrosis, and micro-
vascular congestion (Fig. 3).

Renal acute injuries appear to arise mainly from proxi-
mal tubular cytoplasm degeneration, markedly presenting
as diffuse/severe vacuolation. The morphological findings
revealed extensive renal damage, with interstitial hemor-
rhage and significant proximal tubule edema. Although the
renal biopsy findings were considered nonspecific, they
suggested nephrotoxicity from an exogenous substance,
especially DEG, supported by laboratory and clinical data.
Poison toxicity usually presents with lesions in this com-
partment. Due to suspicion of ingestion or contamination by
an exogenous substance, the case was discussed again with
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Table 1 Laboratory findings

Hemoglobin Hematocrit White Platelets pH pCO2 Bicarbonato pO2 Base  Glucose Lactate
blood cells Excess
01/09 123 g/L 33% 10,180 180.9%x10°L 7.22 3.199728 kPa 11.8 16.13196 kPa -144 3.9 1.26
mmol/L mmol/L mmol/L.  mmol/L
01/10 117 g/L 32% 7,204 196.9%x10°L 725 4.399626 kPa 14.5 13.59884 kPa -11.7 3.85 2.27
mmol/L mmol/L mmol/L mmol/L
01/11 158 g/L 43% 25,890 270.7x10°/L - - - - - -
mmol/L
01/14 100 g/L 27% 30,000 271.5x10°L 7.31 5.466202 kPa 20.4 8.932574 kPa -5.5 6.4 1.33
mmol/L mmol/L mmol/L mmol/L
01/16 95 g/L 25.6% 29,160 262.5%x10°L 728 5.99949kPa 21.1 17.99847 kPa -5.3 7.9 1.41
mmol/L mmol/L mmol/L  mmol/L
01/17 99 g/L 27.9% 35,550 3532x10°%L 7.29 5.866168 kPa 21.2 10.79908 kPa -5.0 6.7 1.57
mmol/L mmol/L mmol/L  mmol/L
01/18 91 g/L 26.1% 31,270 342.8%x10°L 7.22 6.399456 kPa 19.6 6.6661 kPa -7.8 8.0 2.21
mmol/L mmol/L mmol/L. mmol/L
01/19 82 ¢g/L 22.9% 23,050 283.4x10°/L 7.32 6.6661 kPa 25.5 8.532608 kPa -0.7 7.2 1.84
mmol/L mmol/L mmol/L. mmol/L
01/20 81 g/L 23% 22,420 263.7x10°L 7.29 5.466202 kPa 20 mmol/L 9.465862 kPa -6.0 7.4 1.6
mmol/L mmol/L mmol/L
0121 91 g/L 26.2% 24,270 175.9%x10°L 7.33  5.732846 kPa 22.6 8.399286 kPa -3.1 7.6 1.65
mmol/L mmol/L mmol/L mmol/L
Refer- 140-180g/L 42-50% <11,36 150— 7.35—- 47-6.0kPa  23-28 10.7-13.3kPa -3.0/ 7.8 0.63—
ence mmol/L  450x10%L  7.45 mmol/L +3.0 100 2.44

values

mmol/L mmol/L

Fig. 2 Imaging evalution of

the chest at the seventh day of
hopitalization. (A) Chest X-Ray
showed a diffuse bilateral infil-
trate in pulmonary parenchyma.
(B) Chest tomography confirmed
the bilateral infiltrate of pulmo-
nary parenchyma

the patient’s family. The patient’s brother informed that the
patient had recently purchased a bottle of DEG. Based on
this finding, it was speculated that the patient ingested DEG
as a suicide attempt.

Despite therapy, the patient exhibited progressive dete-
rioration in his clinical condition, mainly due to the sec-
ondary lung infection, and died on the fourteenth day of
hospitalization.

ion Frontier  SYS#GECT

Discussion

In this case, intentional DEG poisoning triggered a series of
complex clinical events. DEG is metabolized predominantly
in the liver, resulting in two main metabolites: hydroxye-
thoxyacetic acid (HEAA) and diglycolic acid (DGA), both
considered as toxic agents [4]. HEAA produces renal and
neurological injuries. The mechanisms of toxicity include
destabilization of the cell membrane, affecting ion channels
or phospholipids, and intracellular accumulation of osmoti-
cally active metabolites, triggering transcellular fluid shifts.
The increase in HEAA concentrations also contributes to
metabolic acidosis [5]. DGA produces a significant increase
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Fig. 3 Renal core biopsy. (A) H&E (10X) micrograph shows diffuse
proximal tubular injury, characterized by cellular hydropic vacuoliza-
tion (see arrows). (B)H&E (20X) micrograph shows diffuse tubular
proximal dilatation, with extreme cellular edema, and vacuolization,
causing obliteration of the lumen. (C) High magnification of H&E
(40X) micrograph shows some tubules with calcium phosphate crys-
tals (see arrows). (D) Interstitial hemorrhage and diffuse tubular injury
represented by flattened tubular cells and lost of microvilosity. (E)
Transmission Electron Microscopy of fixed renal tissue, buffered 10%
formalin, and stained with osmium tetroxide, and ruthenium red that
shows diffuse tubular cells edema and vacuolization of the cytoplasm.
(F) Details showing proximal tubules with extensive cytoplasmic
change and multifocal vacuolization

in Ethidium Homodimer (EthD) uptake and lactate dehydro-
genase (LDH) release, indicating tissue damage [4]. These
mechanisms result in the three distinct phases of DEG poi-
soning. Initially, gastrointestinal symptoms occur, followed
by AKI in the second phase, characterized by reduced urine
output and metabolic acidosis with an increased anion gap,
and, then, the third phase is marked by neurological altera-
tions [3]. The case reported exhibited this three phase pat-
tern related to DEG toxicity.

AKI is considered a primary marker of DEG intoxication
[1, 3]. The precise mechanisms of cellular toxicity have not
been fully understood, but the oxidation of the intact DEG
molecule is the main responsible for toxic effects. However,
in this case, other potential causes for AKI were consid-
ered since no information about the etiology was initially
available. Therefore, the possibility of Rapidly Progressive
Glomerulonephritis (RPGN) was conceived. This assump-
tion may have delayed the correct diagnosis and potentially
decreased the patient’s recovery chances. On the other hand,
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the lack of information in the patients’ history complicated
the correct diagnosis.

The patient, young and without significant comorbidities,
initially presented gastrointestinal symptoms, progressing to
renal involvement and later neurological complications. Ini-
tial laboratory evaluation revealed traits of the early phase
of DEG poisoning, including elevated nitrogenous loss,
hyponatremia, metabolic acidosis, proteinuria, and hematu-
ria. However, these laboratorial alterations are not specific
of DEG poisoning. Other causes of AKI may exhibit the
same alterations, highlighting the clinical complexity of the
diagnose [6]. Clinical cases described in the literature pre-
sented similar symptoms and outcomes. An example was
a 26-year-old man, without history of disease background
or medication use, who ingested an unknown liquid from a
bottle, and had manifested intense abdominal pain, nausea,
and vomiting two days later. At hospital admission, AKI
was diagnosed, and dialysis was initiated [7]. Another case
describes a previously healthy 40-year-old man admitted to
a hospital with a history of 4-day nausea, general weakness,
abdominal pain, diarrhea, and progressive oligo-anuria. Ini-
tial laboratory data revealed AKI and metabolic acidosis
with an elevated anion gap. Urinalysis indicated mild pro-
teinuria, and renal biopsy found acute and extensive tubular
lesions without intratubular oxalate crystals [8].

The renal biopsy was very important for the diagnosis of
DEG poisoning. AKI secondary to DEG toxicity normally
results from cortical tubular degeneration and proximal
tubular necrosis [1]. The kidney tissue had diffuse tubular
vacuolar degeneration, multifocal acute tubular necrosis,
and microvascular congestion. These findings suggest the
possibility of DEG poisoning, which was confirmed by the
possibility of suicide with DEG ingestion.

Conclusion

This case report underscores the need to consider DEG poi-
soning as a potential etiology of AKI, especially in patients
with associated neurological symptoms. Laboratory and
histopathological analysis played a crucial role in identify-
ing the underlying cause of the patient’s condition.

Despite the severity of DEG poisoning, a gap persists in
our understanding of its short and long-term consequences.
This gap highlights the critical importance of a meticulous
analysis of reported cases, providing a deeper understanding
of the extent of tissue damage caused by DEG poisoning.
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Key points

1. The possibility of poising should be consider in cases
of sudden appearnece of atypical features in previously
healthy individuals.

2. A detailed history is fundamental for the diagnosis in
cases with complex signs and symptoms. Renal biopsy
can help in the suspision of renal toxicity lesions.
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