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Abstract

Diquat is a widely used herbicide that is substituted for paraquat. With paraquat off the market,
cases of diquat poisoning have been gradually increasing. The kidney is the most frequently
impaired organ in diquat poisoning. Few cases of multiple organ failure caused by diquat have
been reported.

We herein describe a 30-year-old man who orally ingested about 160 mL of enriched diquat.
Despite aggressive treatment, the patient’s condition progressed to multiple organ failure and
death. The pulmonary lesions in this patient were different from those previously reported. This
patient did not die of renal failure but of severe respiratory failure. He exhibited three different
stages of pulmonary disease.

The lung lesions in this case were unique. We hope that doctors will pay more attention to the
lung lesions in patients with diquat poisoning in future and find new treatment methods to save
the lives of such patients.
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Diquat is a widely used herbicide that is
substituted for paraquat. Because of its

high fatality rate, paraquat was discontin-
ued from sale and use in China on 1 July
2016. With paraquat off the market, diquat
has taken its place. In recent years, reported
cases of diquat poisoning have been
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gradually increasing.'? Patients with diquat
poisoning develop multiple organ dysfunc-
tion and may even die despite diquat requir-
ing a higher dose than paraquat to be lethal.
Because of the lack of an effective antidote
for diquat poisoning, treatment mainly
focuses on symptomatic relief and organ
function support; this is also the reason
for the poor prognosis in affected patients.
We recently treated an adult patient with
high-dose diquat poisoning. Although the
patient was not successfully treated in the
end, he developed successive failure of mul-
tiple organs, which differs from most clini-
cal case reports. We herein report this case
of high-dose diquat poisoning. This report
conforms to the CARE guideline.?

Case presentation

A 30-year-old man was admitted to the
intensive care unit (ICU) of our hospital
with an approximately 12-hour history of
oliguria. He was 180cm tall and weighed
70kg. The patient and his sister provided

Two days before admission, the patient
had orally ingested about 160mL of
enriched diquat (20 g per 100 mL) because
of debt-related problems. Three hours later,
the patient presented to another hospital
for treatment and underwent gastric
lavage. At that time, his blood pressure
and heart rate were normal, and he had
no shortness of breath. His blood creatinine
level, routine blood tests, transaminase
levels, bilirubin level, coagulation function,
troponin level, and electrocardiogram find-
ings were all normal. Chest computed
tomography (CT) showed no abnormalities
(Figure 1). The patient refused further
treatment and went home on his own.
Moreover, a history of systematic disease
including hypertension, diabetes, respirato-
ry illness, hepatic or renal dysfunction, and
mental disorder was denied by the patient
and his family member, as was drug or alco-
hol abuse. His previous health condition
was claimed to be quite good.

One day before admission, the patient
presented to the emergency department of
our hospital because of pharyngeal pain

the history.
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Figure |. Chest computed tomography on the day the patient orally ingested diquat.
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and mild pain in the upper abdomen. At
that time, blood tests showed a high creat-
inine level (267 umol/L). The patient was
given antioxidation and infusion therapy.
However, his urine output decreased and
his blood creatinine level increased to
541 umol/L after 24 hours. The doctor rec-
ommended a blood purification treatment.
However, the patient and his family refused
for economic reasons. Seven hours later, the
patient and his family agreed to the blood
purification treatment. At that time, the
patient’s transaminase and bilirubin levels
were elevated. He was transferred to the
ICU 57 hours after the oral diquat ingestion
and developed kidney failure, liver dysfunc-
tion, and respiratory failure. He died
of respiratory failure on day 13 of
hospitalization.

Kidney failure

Diquat is a small molecular substance with
molecular weight of 344.05, and it can
easily pass through the cell membrane.
Hemoperfusion is an important treatment
method in the early stage of diquat poison-
ing. In the present case, hemoperfusion was
performed immediately after admission to
the ICU; however, only one 2-hour session

Table I. Blood gas analysis results.

of hemoperfusion was performed. Oliguria
persisted during hospitalization; therefore,
continuous renal replacement therapy
(CRRT) was initiated following the hemo-
perfusion treatment. Postdilution continu-
ous venovenous hemodiafiltration with
an effluent flow of 30mL/kg of body
weight per hour was implemented until the
patient died.

Respiratory failure

Upon presentation, the patient was con-
scious, had no shortness of breath, had a
percutaneous oxygen saturation (SpO,) of
98% (fraction of inspired oxygen (FiO,),
21%), and had a normal blood pressure
and heart rate. His arterial partial pressure
of oxygen was acceptable (Table 1). Chest
CT findings at that time appeared normal
(Figure 2). He was not treated with oxygen
therapy because the mechanism of diquat
poisoning is mainly the generation of
oxygen free radicals leading to cell apopto-
sis.! Although the leukocyte count was
high, the procalcitonin (PCT) level was
within the low range (Table 2). No antimi-
crobial agent was administered at that time.
The patient’s clinical condition rapidly
became exacerbated thereafter. On day 3

pH PaO, (kPa) PaCO, (kPa) BE (mmol/L) Lac (mmol/L)
Reference range 7.34-7.45 I1.1-14.4 4.7-6.4 —3.0-3.0 0.5-1.6
Day | 741 12.7 4.1 —4.7 1.3
Day 3 7.39 7.1 47 -33 1.4
Day 6 7.40 12.7 5.7 1.6 1.8
Day 8 7.44 8.1 5.5 3.8 3.9
Day 10 7.39 1.2 6.2 29 2.1
Day || A 7.43 10.1 5.3 1.9 1.9
Day Il pM 7.16 9.7 10.4 —-1.3 1.4
Day 12 am 7.30 9.3 74 .1 1.4
Day 12 pM 7.40 10.9 8.0 1.0 1.0
Day 13 am 7.19 10.0 10.8 2.1 1.3
Day 13 noon 7.17 9.0 132 6.5 1.4

PaO,, arterial partial pressure of oxygen; PaCO,, arterial partial pressure of carbon dioxide; BE, base excess; Lac, lactate.
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Figure 2. Chest computed tomography on the third day after the patient orally ingested diquat. This was
also the day on which the patient was admitted to the intensive care unit (Day I).

of hospitalization, the patient developed
progressive shortness of breath and hypox-
emia, and his SpO, was maintained at only
about 88% with conservative oxygen ther-
apy. The patient was intubated and
mechanically ventilated when the severe
hypoxemia became unacceptable. After
endotracheal intubation, piperacillin/tazo-
bactam was empirically given for anti-
infective therapy. Fiberbronchoscopy was
performed after intubation, and a large
amount of yellow plasma exudate was
observed. Sputum was collected for culture
(Table 3). Chest CT examination revealed
exudation, consolidation, and ground-glass
opacity in the bilateral lower lungs, con-
firming a diagnosis of acute respiratory
distress syndrome (ARDS) (Figure 3).
The patient’s oxygenation significantly
improved after he was moved into the
prone position; his FiO, increased to 30%
and his SpO, was maintained at about
90%. On day 6 of hospitalization, another

chest CT examination showed that the lung
exudation was significantly  reduced
(Figure 4).

On day 8, however, the SpO, began to
gradually decline, especially after position
changes. The FiO, had to be increased,
and higher inspiratory pressure was
required to achieve a satisfactory tidal
volume because of deterioration in the
respiratory compliance. Deep sedation was
required to relieve the sensation of asphyx-
ia. At that time, the previous sputum
culture revealed ampicillin-sensitive
Acinetobacter baumannii. Thus, the treat-
ment with piperacillin/tazobactam was con-
tinued. On day 10, a bedside chest
radiograph showed interstitial lung lesions
(Figure 5). Necrotic mucosal tissue could be
seen in the bronchi branches under fiber-
bronchoscopy. However, the mucosal
injury of the oropharynx had healed with-
out mucosal abscission. No plasma exudate
was present in the airway, but scattered
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Figure 3. Chest computed tomography on the third day after the patient was admitted to the intensive

care unit (Day 3).

Figure 4. Chest computed tomography on the sixth day after the patient was admitted to the intensive

care unit (Day 6).

CRRT maintenance (Table 2). An abdomi-
nal CT scan showed no reduction in liver
volume on days 3 and 6. However, the pre-
albumin level was independent of the
abnormal liver function. Both the pro-
thrombin time and activated partial throm-
boplastin time were also normal.

Myocardial injury

The troponin level was closely monitored
after admission, and the troponin I level
slightly increased to a maximum of
0.36 ng/mL. In addition, bedside ultrasound
monitoring showed no obvious abnormali-
ties in cardiac function.
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Figure 5. Chest radiograph on the (a) 10th day and (b) | Ith day after the patient was admitted to the

intensive care unit.

Discussion

Diquat has become a widely used herbicide
in agriculture since the banning of paraquat
in China. The lethal dose of paraquat at a
concentration of 20% ranges from 5 to
15mL. Paraquat has a unique and very
unpleasant taste, and most patients spit it
out or vomit after oral ingestion. The lethal
dose of diquat at a concentration of 20%
ranges from 6 to 12g (30-60mL)."*
However, diquat has no peculiar taste,
and patients often do not vomit. The
patient in this case orally ingested about
160mL of diquat, which equates to 32 g.
This dose is far above the maximum lethal
dose. Fourteen days elapsed from the time
the patient orally ingested diquat to the
time the patient died. He arrived at our
ICU 57 hours after ingestion, which was
too late to administer effective treatment.
Although we extended the patient’s survival
time, he unfortunately died.

As a hydrophilic substance, diquat can
enter the cell and constantly produce
oxygen free radicals, leading to multiple
organ damage. This is the main mechanism
of organ dysfunction caused by diquat.'>
As an effective pro-oxidant, diquat has

been used to induce oxidative stress in var-
ious in vivo and in vitro studies in the fields
of toxicology and cellular biology.>”* The
kidney is the most frequently impaired
organ in diquat poisoning; however, there
have also been reports of injuries to the
liver, lungs, and pancreas. Patients develop
multiple organ dysfunction before they die
of diquat poisoning.

Unlike patients in previous case reports,
our patient did not die of renal failure but
of severe respiratory failure. He developed
three stages of pulmonary disease: exuda-
tion, fibrosis and airway mucous membrane
necrosis and exfoliation. In stage 1 (exuda-
tion), bilateral diffuse infiltration was found
on the CT scan, exhibiting typical charac-
teristics of ARDS. The prone position was
very effective, and when combined with
CRRT for fluid load balancing, the
patient’s  condition was significantly
improved. In stage 2 (fibrosis), the patient
developed bilateral diffuse interstitial lung
lesions similar to those seen in paraquat
poisoning. Respiratory compliance
decreased sharply while the airway pressure
increased significantly; this was combined
with the onset of dyspnea, which explains
the mechanism of recurrent respiratory
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failure. Very high doses of sedatives were
required along with muscle relaxants to
maintain oxygenation and ventilation, but
the patient’s respiratory function had irre-
pressibly deteriorated. The changes that
occurred in stage 3 (airway mucous mem-
brane necrosis and exfoliation) have not
been reported in previous cases. In our
patient, diffuse bronchial mucosal exfolia-
tion and intratracheal hemorrhage were ini-
tiated in the later stage of the disease course
after the development of interstitial lesions,
which were identified by bronchoscopy.
During this stage of treatment, successive
sputum and bronchoalveolar lavage fluid
culture results were all negative despite the
previous isolation of ampicillin-sensitive
Acinetobacter baumannii. Although the
patient had airway bleeding, the blood cul-
ture was negative. The PCT level was higher
than the reference range; however, consid-
ering the presence of acute kidney injury
and oliguria at the time of admission, the
PCT could have been disturbed by renal
dysfunction with no signs of infection.
Multiple organ failure was present in the
last few days of the patient’s life, which
could have also affected the PCT Ilevel.
The serum lactate level was always within
the reference range, allowing us to rule out
the possibility of septic shock. Notably,
however, the patient developed shock with
the decompensated respiratory acidosis
caused by the sharp increase in the partial
pressure of carbon dioxide. Because no
reports have described diffuse mucosal
exfoliation secondary to infection of
Acinetobacter baumannii, we speculated
that the mucosal exfoliation in this patient
was associated with diquat poisoning.
Varga and Rakéczy® reported the high-
est concentration of diquat in lung tissue on
the first day after diquat administration in
rats. Under the mechanism of alveolar sur-
factant impairment and increased capillary
permeability, degeneration of alveolar epi-
thelial cells was seen in biopsy specimens,

along with focal hemorrhagic edema and
alveolar macrophages. Slight pulmonary
fibrosis was observed around 2 to 4 weeks
after poisoning, implying damage to the
lung.” Another recent study indicated that
the deterioration of the lung was associated
with the dose of diquat.'® These findings
might partially explain the pathophysiolog-
ic course of our patient with the exception
of the end-stage bronchial mucosal
exfoliation.

We deduced that the mechanism under-
lying these pathological changes was the
rich blood flow in the lung contributing to
the large amount of diquat accumulation
within the lung tissue. The pulmonary vas-
cular endothelium was subsequently
impaired, leading to pulmonary edema
and ARDS. The vascular endothelium was
spontaneously repaired during the next few
days, and the ARDS gradually improved.
However, with the exudation of diquat,
large numbers of oxygen free radicals were
distributed in the lung interstitium, causing
pulmonary fibrosis and damage to the epi-
thelial cells and bronchial mucosa.
Apoptosed epithelial and mucosal cells
were exfoliated along with the intratracheal
hemorrhage. The alveolar collapse and
bronchial obstruction were irrecoverably
exacerbated, resulting in deteriorated alve-
olar ventilation and fatal carbon dioxide
retention. Because the patient’s previous
health condition was good and he had no
history of respiratory disease, the patho-
physiologic course was induced and exacer-
bated by the diquat poisoning.

With respect to respiratory failure
caused by diquat poisoning, one patient
was successfully saved by venovenous
extracorporeal membrane oxygenation
(ECMO)'"" in a previous report. That
patient had ingested about 100mL of
diquat (20g per 100mL) and 400mL of
glyphosate (41g per 100mL); this dose
was much lower than that in our patient,
and the previous patient vomited the



Huang et al.

herbicides soon after ingestion. No intersti-
tial lesions were observed, and the pulmo-
nary impairment was reversible. ECMO
treatment was not feasible in our patient
for three reasons. First, the patient exhib-
ited significant interstitial changes in the
lungs, significant deterioration of respirato-
ry compliance, and poor reversibility of pul-
monary lesions. Second, the patient had
obvious internal airway bleeding that may
have been worsened by anticoagulation for
ECMO. Third, the patient had economic
limitations that prevented such treatment.

Conclusion

Although diquat requires a higher dose
than paraquat to be lethal, oral ingestion
of diquat is more easily tolerated than oral
ingestion of paraquat because of the taste.
Patients with diquat poisoning are more
likely to develop multiple organ failure,
and clinical treatment is very difficult.
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