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Performance of extracorporeal membrane
oxygenation in patients with fatal paraquat poisoning:

grasp for straws?
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Dear editor,
Paraquat (PQ) can cause acute lung injury and

irreversible pulmonary fibrosis, without specific antidotes.
Respiratory failure is the main cause of death among
patients with PQ poisoning. Currently, the treatment
involves the use of adsorbents, intensive hemoperfusion,
antioxidants, immunosuppressive therapy, respiratory
support by mechanical ventilation, and other symptomatic
and supportive treatments."”’ The mortality of patients
with severe PQ poisoning remains high. More effective and
safer therapies remain to be explored. Few studies reported
performing extracorporeal membrane oxygenation (ECMO)
and subsequent lung transplantation with either successful
or poor clinical outcome in extremely critical patients with
PQ poisoning."** This study aims to summarize the clinical
experience and reflect on the therapeutic prospect of ECMO
in respiratory failure or cardiopulmonary failure caused by
fatal PQ poisoning.

METHODS

We conducted a retrospective and observational
study of five patients receiving ECMO on admission to
the First Affiliated Hospital of Zhejiang University after
PQ poisoning between 2011 and 2018. All patients were
diagnosed with PQ poisoning according to their history
of excessive ingestion of 20% PQ solution and strongly
positive semi-quantitative urine dithionite tests. All patients
had no severe related primary diseases of the heart, lung,
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liver, or kidney before poisoning. The treatment protocols
were carried out in accordance with the principles of the
Declaration of Helsinki.

RESULTS

The baseline information and clinical characteristics of
these patients are shown in Table 1. Four patients, except
patient 1, had fever and only patient 5 manifested as dyspnea
on admission. Symptomatic and supportive treatments were
applied immediately for all five patients, such as gastric
lavage, antioxidants of glutathione and acetylcysteine,
immunosuppressive therapy of methylprednisolone and
cyclophosphamide, stomach and liver protection, and
infection control. All patients performed continuous renal
replacement therapy (CRRT) and/or hemoperfusion (HP).
As shown in Table 1, patient 1 ingested 150 mL PQ solution,
which was far beyond the lethal dose. Vasoactive drugs of
dopamine and noradrenaline were administered to improve
circulatory failure immediately after poisoning. The venous-
arterial (V-A) ECMO was performed proactively at 21
hours after poisoning, even though she had not displayed
apparent dyspnea and pulmonary abnormality, according
to the computed tomography (CT) scan. Furthermore, the
other four patients developed dyspnea and a sharp decline
in oxygen saturation (Sa0,) during hospitalization. Severe
changes were observed in the bilateral pulmonary CT scan
images. The life-threatening cardiac and/or respiratory
failure developed and ECMO was subsequently performed.
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Patient 2 had sudden cardiac arrest and acute respiratory
distress syndrome; therefore, V-A ECMO was performed to
provide both circulatory and respiratory support. Patients 3,
4, and 5 manifested symptoms as respiratory failure without
circulatory failure and venous-venous (V-V) ECMO was
applied. The specific characteristics of ECMO are shown in
Table 1.

Hemorrhage is the main complication of ECMO. All
patients, other than patient 4, presented hemorrhage at the
site of puncture, oropharynx, lungs, or multiple organs.
Notably, patient 2 displayed massive pulmonary hemorrhage
during operation of ECMO and died of hemorrhagic shock
after seven hours. V-V ECMO assisted patients 4 and 5 to
maintain oxygenation for about ten days. Figure 1 shows the
typical CT imaging manifestations after five days of ECMO
in patient 4. However, because of high medical expenses and
lack of donor lungs, both patients had to discontinue further
treatments, and they died of respiratory failure and multiple
organ failure (MOF), respectively. Unfortunately, all five
patients did not survive.

DISCUSSION

Redox cycling is the main mechanism involved in
PQ toxicity. PQ reacts with the abundant pulmonary
oxygen to generate oxidative stress and deplete the body
of antioxidants."") Therefore, oxygen therapy is usually

not applied at the early stage to prevent aggravating
injury by redox cycling. Previous studies have shown that
ECMO has attracted more attention in severe poisoning,
such as through irritant gases, PQ, and aluminum
phosphide.””® ECMO can preserve tissue perfusion by
augmenting oxygenated venous blood via V-V ECMO,
enhancing perfusion to critical organs, and improving
oxygenation via V-A ECMO. Lung transplantation
may be the most effective end-stage therapy, owing to
irreversible pulmonary fibrosis induced by PQ, in which

Figure 1. Typical computed tomography imaging manifestations of patient
4 on day 5 of extracorporeal membrane oxygenation. A: X-ray indicated
bilateral pulmonary infiltration; B and C: CT images revealed bilateral
pulmonary diffuse exudation with partial consolidation and bilateral pleural

effusion; pneumothorax was observed in the right pulmonary.

Table 1. Clinical characteristics of the five patients in whom extracorporeal membrane oxygenation was performed after fatal paraquat poisoning

Variables Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Age (years) 15 14 45 25 33
Gender Female Female Male Female Female
Ingestion amount (mL) 150 100 110 90 100
Poisoning to admission time (hours) 4 24 24 24 10
Hospital stays (hours) 58.0 79.0 72.5 365.5 298.0
CRRT/HP HP HP HP+CRRT CRRT HP+CRRT
Clinical manifestations before ECMO

Dyspnea No Yes Yes Yes Yes

Sa0, (%) 97.8 60.5 88.1 92.0 70.0

Creatinine (umol/L) 243 464 354 120 296

PaO, (mmHg) 112 33 53 60 37

pH 7.40 7.44 7.45 7.45 7.45

WBC (x10°/L) 16.6 9.2 33.9 6.7 16.6

APACHE II score 11 28 15 8 12
CT scanning No abnormality Bilateral pulmonary Bilateral pulmonary Bilateral pulmonary Bilateral

multiple patchy blur interstitial fibrosis  multiple patchy shadows  pulmonary diffuse

with partial consolidation; patchy shadows
bilateral pleural effusion

Indications of ECMO Circulatory Cardiopulmonary ~ Respiratory failure Respiratory failure Respiratory failure
failure failure
ECMO characteristics
Poisoning to ECMO time (hours) 21 96 72 144 72
ECMO pattern V-A V-A V-V V-V V-V
Bypass LFA-LFV RFA-LFV RFV-RJV RFV-RJV RFV-RJV
ECMO complications Hemorrhage at Hemorrhagic shock Oropharyngeal No Multiple organ
puncture point hemorrhage hemorrhage
ECMO to death time (hours) 41.0 7.0 24.5 245.5 236.0

Death reasons MOF

Hemorrhagic shock MOF

Respiratory failure, giving MOF, giving up
up treatment treatment

CRRT: continuous renal replacement therapy; HP: hemoperfusion; ECMO: extracorporeal membrane oxygenation; SaO,:0xygen saturation;
PaO,: partial pressure of oxygen; WBC: white blood count; APACHE II: Acute Physiology and Chronic Health Evaluation II; CT: computed
tomography; V-A: venous-arterial; V-V: venous-venous; LFA: left femoral artery; LFV: left femoral vein; RFA: right femoral artery; RFV: right

femoral vein; RJV: right jugular vein; MOF: multiple organ failure.
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ECMO can be the transitional supportive therapy.'*”

However, because of the severity of the disease and the
lack of lung sources, mortality remains high. In addition,
the most common complication of ECMO is hemorrhage
at the cannulation site in V-V ECMO or at the surgical entry
site in V-A ECMO, which may increase morbidity."

Our department, as a poisoning treatment center,
has successfully performed ECMO for approximately
30 critical patients each year in the past eight years.
Moreover, our hospital is equipped to perform lung
transplantation. According to previous clinical practice
and studies, rare patient has survived after ingesting
40-60 mL of 20% PQ solution."” Patient 1 developed
circulatory failure after ingesting 150 mL 20% PQ
solution. The V-A ECMO was proactively performed to
maintain circulatory stability and to reduce pulmonary
oxygen transport, and thereby to decrease the generation
of oxygen free radicals before the appearance of
significant abnormalities in her pulmonary system.
However, she still died of MOF. We speculate that other
mechanisms of PQ intoxication might play an important
role in addition to those of oxidative stress. The V-A
ECMO showed a high risk of hemorrhage.”” Both patient
1 and patient 2 in our study had hemorrhage. Patient 2
bled heavily during the operation of V-A ECMO and died
of hemorrhagic shock. In the present study, V-V ECMO
maintained ventilation and oxygenation in two patients
for approximately ten days. These two patients may
demonstrate the applicability of ECMO for patients with
fatal PQ poisoning, although they abandoned treatments,
owing to high costs and lack of donor lungs, and finally
died. Moreover, a previous study'” has reported one
successful case that ECMO could be a bridge to lung
transplantation for a patient with severe PQ poisoning.
Therefore, we speculate that ECMO may be just a bridge
treatment for lung transplantation, other than treating
severe PQ poisoning, according to these five patients’
clinical outcome.

CONCLUSIONS

Further clinical verification is needed regarding
the effectiveness of ECMO in patients with fatal PQ
poisoning to confirm whether EMCO is an effective
life-saving therapy or just grasp for straws. The optimal
characteristics in PQ patients, as well as the timing and
patterns of ECMO, should be further explored. Prohibitive
costs and insufficiency of donor lungs are also prominent
inevitable problems. In addition, clinicians should consider
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key points during the operation of ECMO to decrease the
occurrence of complications and provide enough time for
cardiopulmonary support.

Funding: This work is supported by the Foundation of Key
Discipline Construction of Zhejiang Province for Traditional
Chinese Medicine (2017-XK-A36) and the Medical and Health
Science Foundation of Zhejiang Province (2019327552).

Ethical approval: This study was approved by the Ethical
Committee of the First Affiliated Hospital, School of Medicine,
Zhejiang University (2018369).

Conflicts of interest: No any benefits have been received from a
commercial party related directly or indirectly to the study.
Contributors: MXF proposed and wrote the first draft. Both
authors contributed to the design and interpretation of the study
and to further drafts.

REFERENCES

1 Dinis-Oliveira RJ, Duarte JA, Sanchez-Navarro A, Remiao F,
Bastos ML, Carvalho F. Paraquat poisonings: mechanisms of
lung toxicity, clinical features, and treatment. Crit Rev Toxicol.
2008;38(1):13-71.

2 LiC, Hu D, Xue W, Li X, Wang Z, Ai Z, et al. Treatment
outcome of combined continuous venovenous hemofiltration
and hemoperfusion in acute paraquat poisoning: a prospective
controlled trial. Crit Care Med. 2018;46(1):100-7.

3 Feng MX, Li YN, Ruan WS, Lu YQ. Predictive value of the
maximum serum creatinine value and growth rate in acute
paraquat poisoning patients. Sci Rep. 2018;8(1):11587.

4  Tang X, Sun B, He H, Li H, Hu B, Qiu Z, et al. Successful
extracorporeal membrane oxygenation therapy as a bridge to
sequential bilateral lung transplantation for a patient after severe
paraquat poisoning. Clin Toxicol (Phila). 2015;53(9):908-13.

5 Bertram A, Haenel SS, Hadem J, Hoeper MM, Gottlieb J,
Warnecke G, et al. Tissue concentration of paraquat on day
32 after intoxication and failed bridge to transplantation by
extracorporeal membrane oxygenation therapy. BMC Pharmacol
Toxicol. 2013;14:45.

6  Cole JB, Olives TD, Ulici A, Litell J]M, Bangh SA, Arens AM,
et al. Extracorporeal membrane oxygenation for poisonings
reported to U.S. poison centers from 2000 to 2018: an analysis of
the national poison data system. Crit Care Med. 2020;48(8):1111-
9.

7  Mohan B, Gupta V, Ralhan S, Gupta D, Puri S, Mahajan R, et al.
Impact of extra-corporeal membrane oxygenation on outcome
of aluminium phosphide poisoning complicated with myocardial
dysfunction. Clin Toxicol (Phila). 2019;57(11):1095-102.

8 de Lange DW, Sikma MA, Meulenbelt J. Extracorporeal
membrane oxygenation in the treatment of poisoned patients.
Clin Toxicol (Phila). 2013;51(5):385-93.

9  Cypel M, Keshavjee S. Extracorporeal life support as a bridge to
lung transplantation. Clin Chest Med. 2011;32(2):245-51.

Received December 18, 2020
Accepted after revision March 16, 2021



