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Patients with mild paraquat poisoning treated with
prolonged low-dose methylprednisolone have
better lung function
A retrospective analysis
Jie Gao, MBBSa, Zongxun Cao, MDa, Shunyi Feng, MDa, Yangying Song, MBBSb, Wenjing Bai, MBBSa,
Shumin Zhao, MBBSc, Suli Zhang, MBBSa, Yong Li, MDa,∗

Abstract
Lung dysfunction is an important characteristic of injury induced by paraquat (PQ). This study aimed to evaluate the effects of
prolonged low-dose methylprednisolone (MP) treatment on lung function in patients with mild PQ poisoning. We analyzed the results
of lung function testing in all patients with mild PQ poisoning admitted to Cangzhou Central Hospital between January 2012 and
August 2017. Patients were grouped according to short-term treatment (3mg/kg/day MP for 3 days) or prolonged treatment
(3mg/kg/day MP for 3 days, followed by dosage reduction by half every 3 days, with treatment terminated when a dosage of
0.375 mg/kg/day was reached). Lung function was evaluated at 2 to 3 months after PQ exposure. The forced expiratory volume in
1second (85.72±4.93% vs 78.41±4.58%; P< .001), forced vital capacity (81.98±4.93% vs 77.85±4.37%; P< .001), and
diffusing capacity (84.27±5.16% vs 76.21±3.71%; P< .001) in the prolonged low-dose MP group were improved compared with
those in the short-termMP group. Patients with mild PQ poisoning treated with prolonged low-dose MP had better lung function 2 to
3 months after PQ poisoning.

Abbreviations: ALT= alanine aminotransferase, DLco= carbonmonoxide diffusion capacity, FEV1 = forced expiratory volume in
1 second, FVC = forced vital capacity, PQ = paraquat, SpO2 = pulse oximetry saturation.
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1. Introduction sublethal dose. Therefore, we conducted the present study to
Paraquat (PQ) is a fast-acting, nonselective bipyridylium
herbicide that is widely used in many countries due to its low
cost and effectiveness against a wide range of weeds. As the main
target organ, the lungs can rapidly develop pulmonary fibrosis
associated with respiratory failure, which is the main cause of
death in the late stages of PQ poisoning.
Lung fibrosis causes a decrease in inspiratory capacity due to

stiffening of the lungs, which reduces ventilatory capacity. In
addition, fibrosis also reduces the lung diffusion capacity, leading
to hypoxemia. Although prolonged glucocorticoid treatment
has provided potential benefit,[1–5] spontaneous improvement
has rarely been achieved in PQ ingestion, especially following a
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evaluate the effect of prolonged low-dose methylprednisolone
(MP) treatment on lung function in patients with PQ poisoning.
2. Methods

2.1. Patients

This was a retrospective, observational study based on the results of
lung function testing of patients with acute mild PQ poisoning
admitted to the emergency department between January 2012 and
August 2017. We analyzed the data from patients over 18 years of
age who presented to our emergency department within 8hours of
PQ poisoning, with a light blue or barely distinguishable blue color
in the urine sample at the time of presentation. Exclusion criteria
were incomplete lung function records and the presence of
interfering or confounding factors, such as smoking, cardiopulmo-
nary disease, connective tissue disease, pregnancy, or lactation. This
study complied with the guidelines of the Declaration of Helsinki,
and approval for the study was obtained from the Institutional
Review Board. Each patient provided written informed consent for
lung function testing during follow-up visits at 2 to 3 months after
PQ exposure and for retrospective review of existing data.

2.2. Grouping and treatment

According to the therapeutic regimens, all enrolled patients fell
into one of the following groups: short-termMP group: (3mg/kg/
day intravenousMP for three consecutive days),[6] and prolonged
low-dose MP group: (3mg/kg/day MP for 3 days, followed by
dosage reduction by half every 3 days, with MP treatment
terminatedwhen 0.375mg/kg/day was reached).[7] Lung function
was evaluated at 2 to 3 months after PQ exposure.
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Table 2

Lung function in 92 survivors of PQ poisoning.

Short-term
MP group
(n=34)

Prolonged
low-dose MP
group (n=58) P

FEV1 (%) 78.41±4.58 85.72±4.93 <.001
FVC (%) 77.85±4.37 81.98±4.93 <.001
DLco (%) 76.21±3.71 84.27±5.16 <.001

DLco= carbon monoxide diffusion capacity, FEV1= forced expiratory volume in 1 s, FVC= forced vital
capacity.
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2.3. Data collection

Data extraction was performed by 2 reviewers (Shunyi Feng
and Zongxun Cao) independently by adapting a standardized
procedure. The primary outcome measures were forced expira-
tory volume in 1second (FEV1), forced vital capacity (FVC), and
carbon monoxide diffusing capacity (DLco). Any result below
80% of the predicted value was considered indicative of
abnormal lung function. We also recorded the age, sex, time
from ingestion to arrival, pulse oximetry saturation (SpO2) at
room air upon arrival, serum creatinine upon arrival, and serum
alanine aminotransferase (ALT) upon arrival.

2.4. Statistical analysis

All statistical analyses were performed with SPSS (version 13;
SPSS Inc., Chicago, IL) for Microsoft Windows. All probabilities
were 2-sided, with P< .05 considered statistically significant. The
results were presented as the means± standard deviations and
were assessed using the independent samples t test when the data
fit a normal distribution. Otherwise, the results were presented as
medians and interquartile ranges, which were assessed using the 2
independent samples and nonparametric tests, respectively.
Categorical variables were expressed as percentages and were
assessed using the Chi-square test.

3. Results

3.1. Clinical characteristics of patients with PQ poisoning

The study cohort included 92 patients diagnosed with acute mild
PQ poisoning with complete lung function records. Among the
92 enrolled subjects, 34 (37%) cases received short-term MP
treatment and 58 (63%) received prolonged low-dose MP
treatment. Table 1 summarizes the characteristics of the 2 groups
collected upon admission according to the therapeutic regimens of
MP and showed no significant differences based on age, sex, time
from ingestion to arrival, SpO2 on room air upon arrival, serum
creatinine upon arrival, and serum ALT upon arrival (all P> .05).

3.2. Main results

The FEV1% (85.72±4.93% vs 78.41±4.58%; P< .001), FVC
% (81.98±4.93% vs 77.85±4.37%; P< .001), and DLco%
(84.27±5.16% vs 76.21±3.71%; P< .001) values were better in
the prolonged low-dose MP group than in the short-term MP
group (Table 2).

3.3. Safety evaluation

Prolonged low-dose MP treatment increased the occurrence of
leukopenia (5.9% vs 13.58%; P= .239). However, no significant
Table 1

Clinical characteristics of 92 survivors with PQ poisoning.

Short-term MP
group (n=34)

Prolonged
low-dose MP
group (n=58) P

Age, y 35.41±11.86 37.19±11.50 .481
Sex (male/female) 12/22 18/40 .674
Time from ingestion to arrival, h 3.38±0.99 3.44±1.15 .809
SpO2 on room air upon arrival (%) 96.00 (2.00) 96.00 (2.00) .898
ALT upon arrival, U/L 32.58±7.40 34.48±5.72 .173
Creatinine upon arrival, mg/dL 84.06±16.81 82.03±20.29 .625

ALT= alanine aminotransferase, PQ=paraquat, SpO2=pulse oximetry saturation.
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difference was observed. Furthermore, the leukopenia rapidly
resolved after MP withdrawal. In addition, no other adverse
effects, such as hair loss, acne, infection, or avascular necrosis of
the femoral head, were evident from the medical records.
4. Discussion

The present study provides further insight into the effects of
prolonged low-dose MP treatment on lung function in survivors
of mild PQ poisoning. Our results showed that prolonged low-
dose MP treatment improves lung function in patients with mild
PQ poisoning. In addition, our result showed that the survivors of
acute mild PQ poisoning showed less diffusion dysfunction and
restriction ventilation dysfunction at 2 to 3 months.
Prolonged glucocorticoid use was chosen because high levels of

PQcanbeobserved in lung samples severalweeks after ingestion,[8]

and potential damage is consistent with observations from clinical
and pathological studies.[9,10] Some studies indicated high efficacy
of prolonged glucocorticoid therapy, whereas others showed
failure of glucocorticoid therapy. Feng et al[11] reported that
prolonged MP treatment after pulse therapy for PQ-intoxicated
rats can effectively ameliorate acute lung injury. Subsequently,Gao
et al[7] performed a retrospective analysis and demonstrated that
prolonged MP therapy after pulse treatment can reduce mortality
in patients with moderate-to-severe PQ poisoning. Conversely,
Perriëns et al[12] failed to find any significant difference in
respiratory failure and survival rates. This difference may have
been attributable to the effects of variables, such as PQ dose,
glucocorticoid dose, and administration.
Although numerous long-term lung function studies have been

performed in survivors of PQ poisoning, the effects of variables,
such as PQ dose, exposure duration, and follow-up time, were
not completely comparable. Some studies[13–15] reported a
decrease in DLco and restrictive effects on FVC and FEV1 after
intoxication, consistent with our study findings. In contrast, other
studies showed that decreased FEV1%, FVC%, and DLco%
values returned to normal after 3 months among survivors of
moderate and severe PQ poisoning.[16] The reasons might be
explained as follows: patients included in previous reports were
younger, with an average age of 28 years; our study patients had
more severe PQ-induced lung dysfunction; and the follow-up
time was longer than in our study and impaired lung function can
recover with time.
This study should be interpreted while considering the

following limitations. First, there was possible bias due to a
study design that considered only a single point of lung function
measurement at 2 to 3 months after PQ poisoning. As we did not
have lung function measurements after the initial treatment
period or at several points during follow-up, we cannot claim that
the results we presented are due to differences in treatment
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strategies. Thus, we can only state that the group receiving
prolonged treatment had better lung function 2 to 3 months after
PQ poisoning. Second, our outcomes are based on retrospective
data with a small sample size. The positive effect might have been
exaggerated and might have resulted in a false-positive result
due to small sample size. Thus, we will continue to conduct
prospective studies to validate our conclusions. Third, because of
the retrospective study design, an element of selection bias may be
observed.
In conclusion, patients receiving prolonged treatment had

better lung function 2 to 3 months after PQ poisoning. However,
well-designed, prospective cohort studies are needed to validate
our findings.
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