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Abstract:    Objective: To report on three patients with paraquat (PQ) intoxication surviving after combined therapy with 
hemoperfusion (HP), cyclophosphamide (CTX), and glucocorticoid. Methods: Three patients suffered acute renal failure 
in a few days after ingesting a lethal amount of PQ. Chest computed tomography (CT) scans revealed obvious pulmonary 
inflammation, pleural effusion, and fibrous lesions several days after ingestion. HP was performed immediately, followed 
by large doses of glucocorticoid (methylprednisolone, 500 g/d) and CTX (approximately 4 g). Results: After 50 d of 
treatments, all three patients were discharged in healthy condition, with chest CT showing small fibrous lesions, exuda-
tion, and both lungs clear of auscultation. Conclusions: The protective effect of the lungs may have been due to timely 
treatment at adequate doses. 
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1  Introduction 
 
Paraquat (PQ, 1,1′-dimethyl-4,4′-bipyridinium 

dichloride), which was synthesized as a redox indi-
cator in 1882, has been widely used as a herbicide 
since 1962. In humans, ingestion of PQ is frequently 
fatal and is associated with a high mortality rate 
(Sabzghabaee et al., 2010). In general, an amount 
over 20 mg of PQ ion per kg body weight results in 
death, as a result of respiratory failure, pulmonary 
inflammation, and fibrosis (Vale et al., 1987; Xu et 
al., 2011). Shortly after ingesting large amounts of 
PQ, rapid development of multiple organ failure and 
cardiogenic shock occur, which usually result in 
death (Wilks et al., 2008). When smaller amounts 
are ingested, PQ accumulates in the lungs and pro-

duces large amounts of oxygen-free radicals, which 
lead to oxidative damage in the lungs, and may lead 
to death (Bismuth et al., 1996). To date, there is a 
lack of evidence for therapeutic measures including 
preventing absorption, increasing excretion, and the 
use of immunosuppressive therapies and antioxidant 
treatments. Early hemoperfusion (HP) is considered 
the first-line of treatment in patients with acute PQ 
intoxication (Kang et al., 2009). Lin J.L. et al. (2011) 
reported that repeated pulses of methylprednisolone 
and cyclophosphamide (CTX) may result in a lower 
mortality rate in patients with severe PQ poisoning. 
However, Gawarammana and Buckley (2011) re-
ported that the case fatality is very high in all centers 
despite large variations in treatments containing HP, 
immunosuppression therapy, and antioxidants. 

Here, we report on three individuals who in-
gested large amounts of PQ and survived after com-
bined therapy with HP, CTX, and glucocorticoid. 
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2  Case reports 

2.1  Case 1 

A 28-year-old man was present at a nearby hos-
pital 1 h after ingesting about 40 ml PQ (20% solution) 
and alcohol. There, he received gastric lavage and 
symptomatic treatments. One day after the ingestion, 
he was transferred to the emergency room with com-
plaints of short of breath, chest distress, and coughing 
up blood. Upon admission, physical examination 
revealed nothing abnormal except for pharyngeal 
congestion. Initial laboratory results were all within 
normal limits, except for slight leukocytosis 
(10.9×109 L−1). The electrocardiogram was normal 
and chest computed tomography (CT) scans were 
clear (Fig. 1a). The PQ concentration in urine was 
detected semi-quantitatively by sodium dithionite 
coloring method. The result was strong positive. 

HP was immediately carried out for 4 h, until the 
detection of urine PQ was negative. Subsequently, 
the patient received immuno suppressive therapy 
(methylprednisolone 500 g/d and CTX 0.6 g/d). Be-
sides, antibiotics and antioxidants (vitamin C, vita-
min E, ambroxol, glutathione, and n-acetylcysteine, 
etc.) were administered through venous channel.  

Hemodialysis started immediately after serum 
creatinine (Cr) reached 321 μmol/L (reference range, 
44–133 μmol/L) and blood urea nitrogen (BUN) 
reached 14.2 mmol/L (reference range, 2.0– 
7.14 mmol/L). The levels of Cr and BUN elevated 
gradually to 604 μmol/L and 27.9 mmol/L, respec-
tively. HP was performed a total of six times following 
admission, while hemodialysis was continuously per-
formed until serum Cr and BUN were back to normal. 

On Day 3, the dose of CTX was reduced to 
0.4 g/d, and the total dose used was approximately 4 g. 
Meanwhile, glucocorticoid was used as a long-term 
therapy with gradually reducing dosage. During the 
treatment, oxygen saturation dropped to 78%–88%, 
and arterial partial pressure of oxygen fluctuated 
between 36–43 mmHg. One week after admission, 
chest CT scans revealed multiple exudative changes 
in both lungs with bilateral pleural effusion (Fig. 1b). 
Two weeks after admission, chest CT showed sig-
nificantly worse outcomes (Fig. 1c). The patient con-
tinuously received combined therapies of glucocor-
ticoid, antioxidants, and antibiotics, and the exudative 
lesions were gradually absorbed (Fig. 1d). 

After 50 d, the patient was discharged in a good 
condition, with chest CT scans showing small fibrous 
lesions and exudation (Fig. 1e), and both lungs clear to 
auscultation. About two months after discharge, chest 
CT scans showed continued improvement (Fig. 1f). 
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Fig. 1  Chest CT scans of Case 1 
(a) Chest CT scans on admission showed nothing abnormal 
in the lungs. (b) Chest CT scans one week after admission. It 
revealed multiple irregular flakes, high-density shadows with 
obscure edges in the lungs, and a curved fluid region along 
the lateral thorax. (c) Chest CT scans about two weeks after 
admission. An increasing number of lesions can be observed. 
(d) Chest CT scans four weeks after admission. Both lungs 
had less multiple irregular flakes and high-density shadows 
after combined therapy. (e) Chest CT scans at discharge. It 
showed little irregular flakes and high-density shadows in the 
lungs. (f) Chest CT scans about two months after discharge. 
It showed continued improvement in the lungs 
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2.2  Case 2 
 

A 44-year-old man ingested about 30 ml PQ 
(20% solution) as a suicide attempt and vomited a 
large amount of yellow-green frothy liquid. Thirty 
minutes later, he was treated with gastric lavage and 
symptomatic treatments at the local hospital. He was 
admitted to our emergency room 2 d later. 

Upon admission, the patient reported nausea and 
vomiting, and denied any other symptoms. Upon 
physical examination, his skin was moderately 
stained yellow, both lungs were clear to auscultation, 
and no other abnormalities were found. Laboratory 
tests showed leukocytosis (about 19.4×109 L−1) and a 
slight increase of serum Cr (227 μmol/L). The result 
of urine PQ detection was strongly positive. Chest CT 
scans revealed diffuse distribution of miliary nodules 
in both lungs (Fig. 2a). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
After admission, the patient was given therapy 

similar to Case 1. During hospitalization, he experienced  
 

abdominal pain, angina, and shortness of breath, to-
gether with an oxygen saturation of about 82%–90%. 
Chest CT revealed interstitial inflammatory changes 
of both lungs and bilateral pleural effusion (Fig. 2b). 
Subsequently, despite an episode of pulmonary as-
pergillosis, he fully recovered after timely treatment 
with voriconazole. When he was discharged after 55 d 
of treatments, His serum Cr returned to normal, and 
chest CT scans revealed only modest radiological 
changes in both lungs (Fig. 2c). 

2.3  Case 3 

A 27-year-old woman was sent to a local  
hospital after ingesting 30 ml of herbicide. Accord-
ing to her relatives, she had ingested glyphosate, and 
was therefore treated with gastric lavage, atropine, 
and fluid administration. The patient was given 
oxygen before it was clear that the herbicide was PQ. 
During the treatment, she experienced nausea and 
vomiting. 

The patient was sent to our emergency room 2 d 
after PQ poisoning. Physical examination revealed 
that the skin around her lips was ulcerated and her oral 
mucosa and tongue were festered; however, both 
lungs were clear to auscultation. Laboratory tests 
showed leukocytosis (about 17.8×109 L−1) and a 
slight rise of serum Cr (177 μmol/L). The result of 
urine PQ detection was strongly positive. Chest CT 
scans showed nothing abnormal in the lungs (Fig. 3a). 

Upon admission, the patient was immediately 
treated with HP, followed by large doses of glucocor-
ticoid, CTX, and several kinds of antioxidants. Two 
days later, her serum Cr level increased to 435 μmol/L. 
From that day on, hemodialysis was given together 
with HP. About one week later, chest CT revealed 
patchy, cord-like, nodular density shadows in both 
lungs, and bilateral pleural effusion (Fig. 3b). Ten 
days later, she complained of shortness of breath, 
coughing, expectoration, and hemoptysis. Three 
weeks later, her oxygen saturation was 76%–80%, 
and her chest CT scans showed interstitial pneumonia 
in both lungs, small bilateral pleural effusion, and an 
increasing number of lesions compared with the pre-
vious scans (Fig. 3c). When she was discharged after 
58 d of treatments, both lungs were clear to ausculta-
tion and a chest CT revealed only slight lesions in 
both lungs (Fig. 3d). 

 

Fig. 2  Chest CT scans of Case 2 
(a) Chest CT scans on admission. It revealed diffuse distri-
bution of miliary nodules in both lungs. (b) Chest CT scans 
one week after admission. Both lungs showed scattered 
flocculent pieces and ground glass shadow with indistinct 
edges. The lung markings showed coarse texture, spotty, 
grid-like changes, and revealed an arc-like low-density fluid 
area together with the adjacent collapsed lung tissue. 
(c) Chest CT scans at discharge. It showed only slightly 
diffused distribution of miliary nodules and patchy high 
density in both lungs 

(a) 

(b) 

(c) 
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3  Discussion 

 
PQ is a nonselective contact herbicide of great 

toxicological importance. The in-hospital fatality rate 
of PQ poisoning is approximately 55%, with no  
significant differences between survivors and 
non-survivors with respect to the patient characteris-
tics (Sabzghabaee et al., 2010). As Vale et al. (1987) 
reported, three degrees of PQ intoxication have been 
differentiated: (1) mild poisoning (occurs after in-
gesting <20 mg of PQ ion per kg body weight), which 
usually results in full recovery; (2) moderate-to- 
severe poisoning (20–40 mg of PQ ion per kg body 
weight), which is fatal in the majority of cases 2–3 
weeks after ingestion; and (3) acute fulminant poi-
soning (>40 mg of PQ ion per kg body weight), which 

is fatal in the majority of cases within hours to days of 
ingestion. In this case series all three patients ingested 
>20 ml of 20% PQ, and according to the classification 
above, they would be classified as having acute ful-
minant poisoning, and should have died within a few 
days after ingesting. However, despite serious com-
plications, including acute renal failure, infection, 
pulmonary infiltration, and pleural effusion, they all 
survived. 

After being ingested, PQ is rapidly distributed to 
organs and tissues, particularly the lungs (Dinis- 
Oliveira et al., 2009). The lung PQ concentration is 
more than 10 times higher than that in the plasma. It 
has been suggested that the mechanism is primarily 
related to oxidative damage, reactive oxygen species, 
immune activation, inflammatory mediators, etc. 
(Dinis-Oliveira et al., 2009; Sabzghabaee et al., 2010; 
Huang et al., 2011). At present, oxygen is not a part of 
treatment, because too much oxygen can rapidly 
promote pulmonary changes through oxidation. In 
Case 3, the patient was misdiagnosed as having gly-
phosate poisoning and given oxygen during the early 
treatment, but in the end she survived with slight 
lesions in both lungs. 

PQ is excreted primarily by kidneys, and there-
fore, HP has often been indicated as an appropriate 
step for treatment (Suh et al., 2008; Kang et al., 2009; 
Lu et al., 2011) and is considered 4–6 times more 
effective than hemodialysis (Hong et al., 2003). Ad-
ditionally, it is believed that HP should be started as 
early as possible after PQ poisoning, and should be 
continued for >10 h (Suh et al., 2008). It is difficult, 
however, to completely remove PQ through HP, since 
patients often swallow several times the lethal dose, 
and by the time HP is administered the PQ has already 
spread to lung tissue and other vital organs, and only a 
small amount of PQ is remained in the blood circula-
tion. Blood purification can significantly decrease the 
levels of inflammatory cytokines and oxygen free 
radicals, and improve the physiological environment. 
Every time, HP is continued about 4 h until the result 
of urine PQ detection is negative. 

Currently, many experts point out that therapy 
combining glucocorticoid and CTX should be effec-
tive to treat PQ poisoning (Lin N.C. et al., 2003; 
Afzali and Gholyaf, 2008; Li et al., 2010; Ghaffari et 
al., 2011). Activation of mononuclear macrophages 
and granular leukocytes causes acute lung injury and 

(b) 

(c) 

(d) 

(a) 

Fig. 3  Chest CT scans of Case 3 
(a) Chest CT scans on admission. It showed nothing abnor-
mal in the lungs. (b) Chest CT scans one week after admis-
sion. It revealed patchy, cord-like, nodular density shadows 
in both lungs and an arc-like low-density fluid area in the 
lateral thorax. (c) Chest CT scans three weeks after admis-

sion. Compared with (b), the exudative lesions increased. 
(d) Chest CT scans at discharge. It showed only slight lesions 
in the lungs 
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pulmonary fibrosis (Yoon, 2009). By stabilizing cell 
membranes and fighting against lipid peroxidation 
and non-specific immune suppression, glucocorticoid 
reduces leukocytes gathering in the damaged area, 
decreases collagen activity and improves respiratory 
function (Zerin et al., 2012). CTX also plays an im-
portant role in the cellular and humoral immune re-
sponse, and reduces the severity of inflammation 
(Afzali and Gholyaf, 2008). In a word, therapy com-
bining glucocorticoid and CTX for PQ poisoning can 
reduce the severity of inflammation, decrease the 
number of leukocytes to slow the process of pulmo-
nary fibrosis, and reduce mortality in patients with 
moderate-to-severe PQ poisoning (Addo et al., 1984; 
Lin J.L. et al., 1996; Agarwal et al., 2007). However, 
limited evidence exists regarding the appropriate 
therapeutic dose and duration of treatment. We be-
lieve that early large-dose glucocorticoid therapy can 
produce its best effect, and a combination with a total 
dose of 4 g CTX may be more effective in treating 
patients with severe PQ poisoning. Additionally, in 
order to ensure the immunosuppressive effect, we 
suggest increasing the dose and administering these 
drugs after HP. 

Moreover, it has been reported that antioxidants 
can prevent the progress of pulmonary fibrosis 
(Suntres, 2002; Jo et al., 2008). The commonly used 
drugs include vitamin C, vitamin E, ambroxol, glu-
tathione, and n-acetylcysteine (Moon and Chun, 
2011). In spite of numerous studies attempting to 
reduce the oxygen free radical injury induced by the 
antioxidants, these therapies have shown few survival 
benefits and are unable to reduce mortality rate 
(Suntres, 2002; Lee et al., 2008; Yang et al., 2009). 

In most cases, since patients were sent to our 
hospital over 6 h after PQ ingestion, the PQ had  
already spread to various tissues and organs, re-
sulting in a very low concentration of PQ in the 
blood. In these cases, the degree of PQ poisoning is 
identified via the assessment of dosage ingested and 
clinical features presented. In our study, all three 
cases developed acute renal failure within a few days, 
and their chest CTs showed similar changes (pul-
monary infiltration, pleural effusion, and pulmonary 
fibrosis). They were all treated by similar compound 
methods and survived. Our treatment strategies in-
cluded performing HP six times, together with 
hemodialysis to cure acute renal failure; early 

large-dose glucocorticoid therapy, combining with 
an adequate dose of CTX (about 4 g of total dose); 
givening several kinds of antioxidants and symp-
tomatic treatments. 

So far, we have treated 23 cases using the same 
treatment regimen (HP as early as possible, large 
doses of CTX and glucocorticoid), and 14 cases sur-
vived. Due to the small number of cases, our study 
lacked large-scale validation and had some limita-
tions. Randomized controlled trials with large sample 
sizes are still required in order to determine the true 
efficacy of the proposed treatments for PQ poisoning. 
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