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We present a rare and unusual case of thrombotic microangiopathy (TMA) in a patient who ingested
chafing fuel containing diethylene glycol. The patient showed a typical clinical course of initial gastroin-
testinal symptoms followed by acute kidney injury (AKI) and peripheral sensorimotor neuropathy. A kidney
biopsy showed TMA and diffuse acute tubular injury. Diethylene glycol is widely used as a solvent in
numerous consumer products, including brake fluid, antifreeze, chafing fuel, and artificial fog solutions.
Diethylene glycol has been implemented in mass poisonings, and the incidence of AKI in diethylene glycol
poisonings is linked to high-mortality rates. TMA, a pathologic lesion observed in a wide spectrum of
diseases, is triggered by endothelial injury. Our case shows that TMA should be considered as a possible
life-threatening complication in the setting of acute diethylene glycol poisoning. Direct toxic injury to
endothelial cells by diethylene glycol is a possible mechanism. It is therefore plausible that patients with a
genetic predisposition to endothelial injury may develop TMA following diethylene glycol exposure.
© 2023 The Authors. Published by Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
iethylene glycol is a clear liquid that is employed as an transplantation and drug-induced TMA.9 For a list of
Dindustrial diluent and is highly toxic to the kidney and
brain.1 Ingesting diethylene glycol can cause acute kidney
injury (AKI) as well as neurologic symptoms, including
acute flaccid paralysis, cranial nerve palsies, and encepha-
lopathy.1 Most cases of diethylene glycol poisoning are
due to pharmaceutical products formulated with dieth-
ylene glycol as a diluent instead of a safe agent, such as
pharmaceutical-grade glycerin or propylene glycol. Most
diethylene glycol mass poisonings occur in children and
are associated with variable case fatalities that may be as
high as 98%.2-4 Similar to ethylene glycol, diethylene
glycol is initially metabolized by alcohol dehydrogenase,
and treatment with its inhibitor fomepizole may have a
protective effect.5 However, diethylene glycol poisoning is
often not recognized early due to its enigmatic clinical
course or because diethylene glycol poisoning is not
suspected.6

The predominant kidney tissue lesions reported in
cases of diethylene glycol poisoning are extensive ne-
crosis of the proximal tubule, severe interstitial hemor-
rhage, and hyaline casts.7,8 Thrombotic microangiopathy
(TMA) is a pathologic lesion triggered by endothelial
injury. Diethylene glycol poisoning injures the kidney
most frequently, but other systems can also be affected,
such as the central nervous system and cardiovascular
and pulmonary systems.9 Endothelial injury, which is
associated with platelet activation and consumption,
leads to the formation of microvascular thrombosis,
tissue ischemia, and subsequent tissue necrosis. Although
lactate dehydrogenase (LDH) elevation is related to the
destruction of red blood cells (RBCs), highly elevated
LDH also reflects ischemic tissue injury. Systemic find-
ings of TMA are not required for the diagnosis, and
kidney-limited TMA is seen more often in solid organ
Kidney Med Vol 6 | Iss 2 | February 2024 | 100758
toxicology conditions associated with TMA, see Box 1.
CASE REPORT

Clinical History

A man in his 50s with a history of alcohol use disorder and
chronic pancreatitis presented to the emergency room with
5 days of nausea, vomiting and diarrhea, with subsequent
worsening altered mental status. The patient’s wife re-
ported he had a relapse with severe alcohol cravings and
found small amounts of hand sanitizer (isopropyl alcohol)
and chafing fuel (diethylene glycol) in the basement. His
medical history was also significant for hypertension and
hemochromatosis. At the time of presentation, his vitals
were significant for tachypnea of 38 breaths per minute,
and his physical examination demonstrated disorientation
to time. He was admitted to the medical intensive care
unit, and emergency hemodialysis was initiated after fluid
resuscitation with isotonic fluids, bicarbonate, and fome-
pizole. He developed uncontrolled hypertension and
worsening thrombocytopenia. Thrombocytopenia was
present from day 1 of hospitalization, and platelet numbers
decreased continuously until day 3, correlating with peak
blood pressure levels on the same day. Following hemo-
dialysis, he had resolution of metabolic acidosis, anion
gap, and osmolal gap along with improvement in menta-
tion. Intermittent hemodialysis was continued as he
remained anuric with no evidence of kidney function
recovery.

Laboratory Data

Venous blood gas revealed severe metabolic acidosis with a
pH value of 6.87, a pCO2 of 13 mm Hg, and a bicarbonate
concentration of 2 mmol/L. His serum creatinine
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Box 1. Drugs and Toxins Associated with Thrombotic
Microangiopathy

Calcineurin inhibitors
Proteasome inhibitors
Antineoplastic agents
Tyrosine kinase inhibitors
Vascular endothelial growth factor inhibitors
Type I interferon
Valproic acid
Quinine
Snake venom
Shiga toxin

Table 1. Laboratory Values During Clinical Course

Laboratory Parameters
(Reference Range and
Units)

At
Presentation

Day
3

Day
5

Day
10

Hemoglobin (14-18 g/dL) 14.4 - 7.8 -
Bicarbonate (20-30 mmol/L) 2 21 20 21
BUN (6-20 mg/dL) 42 38 59 90
Creatinine (0.4-1.3 mg/dL) 8.26 6.30 6.78 7.41
Measured serum osmolarity
(275-300 mOsm/kg)

331 - - -

Platelet count (150-
420 × 1,000/μL)

158 28 60 137

LDH (122-241 U/L) 4138 3522 1610 -
Haptoglobin (30-200 mg/dL) 24 <10 <10 -
Abbreviations: BUN, blood urea nitrogen; LDH, lactate dehydrogenase.
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concentration was 8.26 mg/dL, and LDH was 4138 U/L.
He had an elevated anion gap of 44 and an elevated
osmolal gap of 45, whereas lactate and β-hydroxybutyrate
were within normal range. Ethanol, toxic alcohols, acet-
aminophen, and salicylate were undetectable. A peripheral
smear lacked schistocytes. LDH levels remained elevated.
Haptoglobin levels decreased to less than 10,and serum C3
levels were low at 79 mg/dL (90-180 mg/dL). His C4
level and CH50 were normal. He was negative for heparin-
induced thrombocytopenia antibody, and a negative direct
antiglobulin test was obtained. ADAMTS13 activity was
mildly low at 50%. Hemoglobin levels decreased from
14.4 g/dL on admission to 7.8 g/dL on hospital day 5.
Prothrombin time, partial thromboplastin time, and in-
ternational normalized ratio values were normal
throughout admission. Serum antinuclear antibody and
antineutrophil autoantibodies levels were within normal
limits. The remaining the laboratory values and their
trends during the hospitalization period are summarized in
Table 1. A kidney biopsy was performed on hospital day 5.

Kidney Biopsy

A kidney biopsy was performed and showed 2 tissue cores,
which were stained with hematoxylin and eosin, periodic
acid–Schiff, trichrome, Jones silver, and hematoxylin
phloxine saffron stains. Review of all stained sections
revealed 11 glomeruli, 2 of which showed endothelial
swelling, RBC fragments and fibrin strands. The interstitium
showed diffuse edema, congestion in peritubular capillaries,
and a patchy, focal interstitial infiltrate composed of lym-
phocytes, occasional neutrophils, and rare plasma cells.
Proximal tubules showed severe acute tubular injury with
markedly dilated lumen, cytoplasmic vacuolization, loss of
brush border, and nuclear drop out. Hyaline casts, frag-
mented RBC casts, and cellular casts were present. One
glomerulus showed endothelial and mesangial cell nuclear
dropout, fragmented RBCs in mesangial areas and capillary
loops, and fibrinoid necrosis of the vascular pole (see Fig
1A). Another glomerulus showed mesangiolysis with RBC
fragments and segmental endothelial swelling in capillary
loops. Several profiles of arterioles with fibrinoid necrosis
were seen, including a partially necrotic vessel containing an
adherent fibrin thrombus (Fig 1B). Peritubular capillaries
2

were markedly congested with RBC fragments and small
thrombi (Fig 1C).

Frozen sections were stained for IgA, IgG, IgM, C3,
C1q, kappa, lambda, and fibrinogen. The glomeruli
showed granular staining of mesangial areas and peripheral
capillary walls with fibrinogen (2+) (Fig 1 D). All other
immunofluorescence stains were negative.

An additional section of the biopsy was prepared for
electron microscopy. The glomerular architecture showed
segmentally thickened basement membranes with corru-
gation. There was global effacement of podocyte foot
processes (>90%). There was severe swelling of endothe-
lial cells, and the mesangium showed a minimal increase
in matrix. Electron dense deposits were not identified.

The biopsy diagnosis was TMA and diffuse acute tubular
injury.

Clinical Follow-up

On day 6, the patient developed slurred speech, right sided
facial droop, and bilateral hearing loss. Brain computed
tomography was negative for intracranial hemorrhage, and
brain magnetic resonance imaging only showed nonspecific
focal enhancement at the fundus of the left internal auditory
canal. Over the next 24-48 hours, he began to develop
significant progression of cranial neuropathies, including
dysarthria, facial diplegia, lagophthalmos, and peripheral
neuropathies, including loss of pain, temperature, and vi-
bration sense in both lower extremities. He then required
intubation and mechanical ventilation for airway protection.
An empiric trial of intravenous methylprednisolone was
attempted for neuropathies without any improvement. He
had a prolonged hospital course and was managed conser-
vatively with intermittent hemodialysis. He failed multiple
spontaneous breathing trials, and his family opted to pursue
comfort measures. On hospital day 19, he was compas-
sionately extubated and died shortly thereafter.
DISCUSSION

Diethylene glycol is widely used as a solvent in numerous
consumer products, including wallpaper strippers, brake
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Figure 1. (A) Glomerulus with fibrin thrombus (blue arrow) and red blood cell fragments (black arrow). (B) Arteriole with fibrinoid
necrosis and adherent fibrin thrombus (blue arrow). Numerous red blood cell fragments (black arrow) are seen in peritubular cap-
illaries. (C) Peritubular capillaries with fibrin thrombus (blue arrow) and red blood cell fragments (black arrow). (D) Immunofluores-
cence stain for fibrinogen shows strong capillary wall staining (white arrow). All light microscopy images represent hematoxylin
and eosin stains. Original magnification, ×400.

Malvar et al
fluid, antifreeze, chafing fuel, and artificial fog solutions.6

Diethylene glycol has been implemented in mass poison-
ings when used as a diluent in pharmaceutical prepara-
tions.4,10 The case fatality in mass poisonings ranges from
76%-98%.3,11,12 The clinical symptoms in patients with
diethylene glycol poisoning depend on the amount and
duration of exposure. During the initial period post
exposure, patients often present with gastrointestinal
discomfort that begins with nausea, vomiting, and diar-
rhea. Later in the course, oliguria, metabolic acidosis, liver
failure, and AKI develop.13 Peripheral sensorimotor neu-
ropathy is another key finding in the diagnosis of dieth-
ylene glycol poisoning.8 The AKI is characterized by
marked acute tubular injury.8 AKI caused by diethylene
glycol poisonings is associated with high-mortality rates,
and patients who survive AKI are more likely to develop
chronic kidney disease.14 The molecular mechanisms of
diethylene glycol poisoning are still poorly understood.
When diethylene glycol is metabolized, it yields 2 primary
metabolites, diglycolic acid and 2-hydroxyethoxyacetic
acid.5 Several studies have identified diglycolic acid as
the toxic metabolite.15-17 Diglycolic acid accumulates 100-
fold in the kidney, indicative of concentrative uptake and
retention.18 Recent studies have shown that diglycolic acid
accumulates in human proximal tubule cells through
transport by the sodium-dependent dicarboxylate trans-
porters NaDC-1 and NaDC-3.19 However, the efflux
mechanism for diglycolic acid from proximal tubule cells
remains enigmatic because it does not involve the SLC
family of organic anion transporters.20

A previous case of diethylene glycol poisoning reported
coagulative necrosis of kidney cortical structures accom-
panied by severe interstitial hemorrhage, similar to the
findings in this case.7 Another study, reporting autopsy
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findings of mass poisoning victims, described similar
findings of severe vacuolization of proximal tubule and
acute tubular epithelial cell necrosis.8 An animal study of
diethylene glycol toxicity in rats showed severe, diffuse
acute tubular necrosis affecting proximal convoluted tu-
bules of the kidney cortex.21 In our case, the kidney biopsy
showed 2 glomeruli with numerous RBC fragments,
swollen endothelial cells with loss of nuclei, and fibrin
strands or fibrinoid necrosis. The glomerular findings were
consistent with TMA. There was also extensive acute
tubular injury involving predominantly the proximal
tubule.

TMA is a pathologic lesion that has been observed in a
wide variety of diseases and is triggered by endothelial
injury. TMA lesions are often associated with the clinical
features of hemolytic anemia, thrombocytopenia, and
ischemic end-organ injury. Underlying etiologies of the
endothelial injury span a wide range of conditions,
including infection, pregnancy, drugs, autoimmune dis-
eases, transplantation, and congenital ADAMTS13-
mediated and complement-mediated TMA. Our patient
showed a TMA lesion on kidney biopsy with glomerular
RBC fragments, mesangiolysis, endothelial swelling, and
fibrinoid necrosis at the vascular pole. Given that the pa-
tient showed no evidence of malignant hypertension,
autoimmune disease, ADAMTS13 deficiency, or C3
nephritic factor, the likely underlying etiology is dieth-
ylene glycol poisoning. Although no widespread cortical
necrosis was seen on biopsy examination, it is possible that
the vascular injury associated with the necrotic glomerulus
triggered widespread endothelial injury. Another possible
mechanism is direct toxic injury to endothelial cells by
diethylene glycol. An animal study of rabbit carotid artery
injury showed that ethylene glycol, the single molecule
3
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from which diethylene glycol is synthesized through hy-
drolysis, is toxic to mammalian endothelial cells.22 It is
therefore plausible that patients with a genetic predispo-
sition to endothelial injury may develop TMA following
diethylene glycol exposure.
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