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Abstract

Mortality in patients with paraquat (PQ) poisoning is related to plasma PQ levels. Concentra-

tions lower than 5,000 ng/mL are considered critical but curable. This study assessed the

effects of hemoperfusion (HP) and continuous renal replacement therapy (CRRT) on the

survival of PQ-poisoned patients with plasma PQ levels below 5,000ng/mL. We analyzed

the records of 164 patients with PQ poisoning who were treated at the First Affiliated Hospi-

tal of Wenzhou Medical University in China between January 2011 and May 2015. We

divided these patients into six sub-groups based on baseline plasma PQ levels and treat-

ment, compared their clinical characteristics, and analyzed their survival rates. Patient sub-

groups did not differ in terms of age, sex, time between poisoning and hospital admission, or

time to first gavage. Biochemical indicators improved over time in all sub-groups following

treatment, and the combined HP and CRRT treatment yielded better results than HP or

CRRT alone. Fatality rates in the three treatment sub-groups did not differ among patients

with baseline plasma PQ levels of 50–1,000 ng/mL, but in patients with 1,000–5,000 ng/mL

levels, the mortality rate was 59.2% (HP treatment group), 48% (CRRT treatment group),

and 37.9% (combined treatment group). Mortality rates were higher 10–30 days after hospi-

talization than in the first 10 days after admission. In the early stages of PQ poisoning,

CRRT is effective in reducing patient fatality rates, particularly when combined with HP. Our

data could be useful in increasing survival in acute PQ poisoning patients.

Introduction

Paraquat (PQ) is a nonselective herbicide that has been widely used worldwide since the 1960s.

Due to its availability, low toxic dose, and relatively low cost, PQ is used to commit suicide in

developing countries [1, 2]. Although safely used in agriculture, PQ intoxication is a serious
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public health problem, and results in an estimated 60–70% mortality [3, 4]. Because no specific

antidote or conclusively effective treatment having been found, an acute ingestion of 7–8 mL

PQ can cause serious effects such as liver, lung, kidney, and heart failure, leading directly to

death [5, 6].

Various therapeutic techniques are applied to clinical intervention in PQ poisoning. To

protect organ function, the routine treatment protocol includes reducing the absorption of PQ

in the gastrointestinal tract by gastric lavage, increasing PQ elimination from plasma by hemo-

perfusion (HP) and hemodialysis (HD), repeated application of anti-inflammatory agents such

as methylprednisolone (MP), cyclophosphamide (CTX) pulse immunosuppressive therapy,

administration of antioxidants, and maintenance of vital functions [7–10]. Among these tech-

niques, HP has been validated as the most effective method to clear PQ from blood [11, 12].

However, HP may result in complications such as thrombocytopenia, leukopenia, hypoglyce-

mia, and some reduction in clotting factors. Risk of bleeding is higher because of high heparin

doses and a reduction in platelets and clotting factors [13]. Continuous renal replacement ther-

apy (CRRT) is most commonly used in an intensive care unit setting, where it is either given as

8- or 12-h treatments, also termed slow extended hemofiltration (SLEF). With slow blood flow

rates and access through a central venous catheter placed in one of the large central veins,

CRRT can keep blood from clotting even if heparin and regional citrate are used for anti-coag-

ulation [14, 15]. Plasma PQ levels have been shown to be related to liver, kidney, and coagula-

tion functions, and may be used as a clinical index in assessing the prognosis of PQ-poisoned

patients [7]. Ingestion of more than 5,000 ng/mL of PQ generally results in 100% mortality,

and the lower the plasma concentration, the higher the relative survival rate [7]. Although HP

has been validated as an effective treatment, the effects of combined treatment with HP and

CRRT on the survival of patients with PQ poisoning at different concentrations, particularly

PQ levels from 1,000 to 5,000 ng/mL, is still unclear.

Based on long-time monitoring of the effects of HP and CRRT at different PQ concentra-

tions, we performed a retrospective study on the prognosis and survival of PQ-poisoned

patients admitted to the First Afflliated Hospital of Wenzhou Medical University in China.

The various clinical indices included the time of treatment, and biochemistry parameters were

analyzed to assess the effects of HP and CRRT on survival time.

Materials and methods

Ethics statement

This study was approved by the Medical Ethics Committee of The First Afflliated Hospital of

Wenzhou Medical University, and conducted in accordance with the Declaration of Helsinki.

Because this study was a retrospective investigation of existing data, written informed consent

from patients was not required. However, informed consent regarding the treatment risk fol-

lowing acute PQ poisoning was obtained from all patients upon their initial admission. All

information gathered from PQ-poisoned patients was anonymized and securely protected. All

data were only available to the investigators.

Patients and groups

The poisoning history of PQ-poisoned patients was provided by the patients themselves or

their families. We reviewed the medical records of patients admitted to the First Afflliated

Hospital of Wenzhou Medical University in China with acute PQ poisoning between January

1, 2011 and May 31, 2015. During this period, 215 patients with PQ poisoning were admitted

to the hospital; 164 patients were eventually included in the study on the basis of inclusion and

exclusion criteria. Inclusion criteria were (1) a clear history of PQ poisoning and PQ detected
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in blood; (2) patient age between 15 and 65 years; (3) hospital admission within 24 h of poisoning

without pretreatment; (4) no history of serious chronic disease; (5) no contraindications of HP

treatment. Exclusion criteria were (1) PQ poisoning patients who died within 24 h; (2) patients

with other pesticide poisoning; (3) pregnant patients; (4) patients with a history of alcoholism;

and (5) patients with serum PQ levels above 5000 ng/mL. The initial plasma PQ concentration

was measured immediately upon the patient’s arrival in the emergency department of the hospital

and prior to receiving any treatment. The PQ-poisoned patients were divided into two different

groups (low PQ [LPQ] group and high PQ [HPQ] group) according to their initial plasma PQ

concentrations. PQ concentrations in the LPQ group were below 1000 ng/mL. Each group was

randomly sub-divided into three sub-groups based on treatment: HP sub-group, CRRT sub-

group, and HP+CRRT sub-group. The size of each group was as follows: (1) LPQ-HP, 28 cases;

(2) LPQ-CRRT, 26 cases; (3) LPQ-HP-CRRT, 29 cases; (4) HPQ-HP, 27 cases; (5) HPQ-CRRT,

25 cases; (6) HPQ-HP-CRRT, 29 cases. All data obtained from the PQ-poisoned patients were

recorded and standardized in a Microsoft Excel spreadsheet by two emergency department physi-

cians who were unaware of the purpose of this investigation. The study’s design and data analyses

had been finished by all authors, and the results’s review and the paper had been completed by

Yadong Wang, Guangliang Hong and Zhongqiu Lu.

Treatments

Conventional treatments. Gastrolavage with 2% NaHCO3 and catharsis with 20% man-

nitol are the conventional initial treatments [16], and both were used in this study’s cohort.

Diuresis and other symptomatic treatments were performed next. Water-electrolyte imbal-

ances in patients were corrected by multiple rehydration sessions. The patients received high-

dose intravenous MP (80–320 mg every six hours) combined with CTX (0.2–1 g every day for

3 days) to prevent pulmonary fibrosis as early as possible. High-dose vitamin C and glutathi-

one were administered to scavenge oxygen free radicals. MP and/or CTX therapy was adminis-

tered repeatedly according to the condition of the patient. Stomach- and liver-protective

drugs, such as magnesium isoglycyrrhizinate and polyene phosphatidylcholine, were applied,

along with effective antimicrobials to prevent infections. To avoid a partial pressure of oxygen

(PaO2)<40 mmHg or adult respiratory distress syndrome (ARDS), treatment by oxygen inha-

lation or ventilator was carried out with positive end-expiratory pressure (PEEP) positive pres-

sure ventilation.

The therapeutic effect on PQ-poisoned patients was assessed via their vital signs, tempera-

ture, respiration, heart rate, blood pressure, and blood indices such as arterial blood gas, liver

function, and kidney function. A good treatment outcome was considered a body temperature

of 37˚C, respiration rate below 20 breaths per minute, heart rate within 60–100 beats per min-

ute, blood pressure in normal level (systolic value: 91–119, diastolic value: 61–79), and a

marked improvement in blood indices. The survival time was calculated from the time of PQ

ingestion to the time the patient was discharged from the hospital.

HP and CRRT treatments. HP and/or CRRT therapies were initiated at the same time as

gastric lavage to prevent renal failure and reduce plasma PQ levels. These two treatment meth-

ods for PQ poisoning are key therapies [16, 17].

HP treatment: The patients were immediately administered HP through femoral venous

catheters at a blood flow rate of 200 mL/min. The HP apparatus consisted of polypropylene

housing material, cellulose, and an activated charcoal adsorbent [16]. HP was conducted for

3–4 h, once daily, and the courses of HP therapy were determined by plasma PQ concentra-

tions until they dropped below 50 ng/mL, as well as by clinical characteristics.
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CRRT treatment: Blood was filtered and returned to the patient with replacement fluid.

The volume of replacement fluid was adjusted according to individual patient requirements,

and its components were adjusted based on their levels. Blood flow rates were in the range of

100–200 mL/min, and access was achieved through a central venous catheter placed in one of

the large central veins. The CRRT was given as an 8–12-h daily treatment.

An ADM-08 dialysis machine (Fresenius, Bad Homburg vor der Höhe, Germany), BM-25

continuous bedside blood purification machine (Baxter, Deerfield, IL, USA), AV-600S polysul-

fone membrane filter (Fresenius), P2S plasma separator (Fresenius), and 11.5-Fr double

lumen hemodialysis catheters (Arrow Teleflex, Wayne, PA, USA) were used for the CRRT.

HP+CRRT treatment: In the combined treatment, HP was applied first, followed by CRRT

using the methods above once daily.

Blood biochemistry

Blood samples were collected into evacuated tubes containing a separation gel and separated

by immediate centrifugation at 1500 ×g for 10 min at 4˚C. The obtained plasma was analyzed

with an automatic biochemical analyzer (Drawell 800T/H, Shanghai, China) for liver, kidney,

and coagulation function. Based on previous research [7], we selected the biochemical parame-

ters that were significantly correlated with plasma PQ concentration as the evaluation factors.

Blood liver parameters included total bilirubin, direct bilirubin, indirect bilirubin, alanine

aminotransferase (ALT), aspartate transaminase (AST), and the ratio of ALT and AST (ALT/

AST). Blood kidney parameters consisted of blood urea nitrogen and creatinine levels. Coagu-

lation function values included prothrombin time and prothrombin activity. These parameters

were analyzed at the same time as PQ plasma concentration when the patients arrived at the

hospital.

Data analysis

The data were analyzed using SPSS (version 19.0, IBM SPSS, Armonk, NY, USA). Results are

presented as means ±standard deviation. The level of significance was set at p<0.05. Categori-

cal variables were analyzed using the chi-squared test. The variables were analyzed via non-

parametric test and the other indices were analyzed via ANOVA. To assess the relationship

between treatment protocols and mortality, the multivariate Cox regression survival curves

with the Cox proportional hazard model were generated. The primary dependent variable was

the survival time, measured in days. The treatment outcomes of PQ-poisoned patients were

entered as categorical variables (1: Better; 0: Worse or death). Multivariate adjustment was

made separately for age, sex, time from PQ ingestion to arrival at the hospital, time from PQ

ingestion to first gastric lavage, time from PQ ingestion to first HP/CRRT/HP+CRRT treat-

ment, and liver, kidney, and coagulation function.

Results

Patient characteristics

Records of 164 patients (76 men, 88 women) with a PQ poisoning history met the criteria and

were included in this study. The general clinical data of patients in the six sub-groups are

shown in Table 1. The baseline biochemical parameters are listed in the baseline column in

Table 2. Eighty-three patients with plasma PQ concentrations between 50 ng/mL and 1,000

ng/mL were assigned to three treatment sub-groups. There was no statistically significant dif-

ference (p>0.05) in sex, age, admission time, time to first gavage, time to first HP/CRRT/HP

+CRRT treatment, length of hospital stay, survival, or initial or improved biochemical
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parameters between the groups. The 81 patients with plasma PQ levels of 1000–5000 ng/mL

exhibited comparable biochemical parameters, with the exception of survival or improvement,

Table 1. Clinical characteristics of paraquat (PQ)-poisoned patients (n = 164).

characteristic 50–1,000 ng/mL plasma PQ level 1,000–5,000 ng/mL plasma PQ level

HP CRRT HP+CRRT HP CRRT HP+CRRT

Age (years) 35.61

±9.32

36.53

±11.51

34.52

±8.43

35.41

±12.33

34.21

±12.55

36.72

±13.23

Male/female 12/16 11/15 14/15 15/12 12/13 12/17

Time to hospital admission (h) 12.53

±4.42

11.64

±6.36

13.8 2

±5.53

7.35

±3.64

8.52

±4.28

7.82

±4.74

Time to first gavage (h) 5.52

±2.54

4.47

±3.42

4.81

±3.52

2.56

±1.34

2.43

±1.67

2.82

±1.47

Time to first HP/CRRT /HP+CRRT(h) 17.32

±7.25

16.78

±8.27

17.64

±0.152

15.67

±2.38

15.82

±1.64

15.72

±1.45

Length of hospital stay

(days)

17.72

±2.65

17.67

±2.38

17.62

±2.55

15.43

±4.7

15.73

±4.44

15.52

±4.78

Survival or improvement 26/28

(92.8%)

24/26

(92.3%)

27/29

(93.1%)

11/27

(40.7%)

13/25

(52%)

18/29

(62.1%)

Continuous variables are presented as means ± standard deviation. Abbreviations: HP, hemoperfusion; CRRT, continuous renal replacement therapy; HP

+CRRT, combined treatment.

https://doi.org/10.1371/journal.pone.0181207.t001

Table 2. Blood biochemical parameters of patients with low plasma paraquat (PQ) levels over time (n = 83).

Parameter 50 ng/mL < PQ level < 1,000 ng/mL

HP CRRT HP+CRRT

Baseline Day 5 Day 10 Baseline Day 5 Day 10 Baseline Day 5 Day 10

Total bilirubin

(μmol/L)

26.53

±33.82

36.76

±22.61

46.41

±21.54

27.59

±34.86

33.66

±23.54

42.41

±22.72

26.62

±33.35

30.12

±24.42

39.23

±23.27

Direct bilirubin

(μmol/L)

16.12

±33.2

24.21

±23.32

30.32

±22.43

17.32

±31.21

25.53

±21.19

29.45

±22.72

16.67

±31.21

24.43

±22.50

29.78

±23.63

Indirect bilirubin

(μmol/L)

12.34

±6.32

12.34

±5.53

12.64

±5.61

11.53

±5.65

11.57

±6.52

11.72

±6.75

11.53

±6.31

11.45

±6.54

11.57

±6.94

Alanine aminotransferase

(U/L)

79.75

±110.23

123.67

±123.34

154.55

±124.34

78.74

±107.42

124.42±112.4 159.72

±119.47

79.63

±111.32

133.57

±87.35

162.66

±79.68

Aspartate transaminase

(U/L)

70.54

±78.64

92.67

±67.56

118.67

±73.35

69.51

±79.36

89.67

±78.42

121.56

±75.34

69.51

±80.12

88.53

±76.31

120.45

±77.48

Blood urea nitrogen

(U/L)

6.86

±6.45

7.43

±6.45

7.37

±6.53

7.25

±6.35

7.54

±6.45

7.32

±6.52

7.12

±7.83

7.61

±6.38

7.47

±6.57

Creatinine

(U/L)

129.13

±137.89

156.35

±110.5

174.24

±120.18

130.34

±138.58

158.42±122.3 171.36

±120.47

130.18

±139.52

155.67

±130.49

169.41

±125.53

Prothrombin time(s) 14.65

±5.27

15.32

±5.23

14.87

±4.89

13.98

±5.17

14.79

±5.54

15.36

±5.57

14.72

±5.21

15.46

±4.34

14.69

±4.65

Prothrombin activity(%) 82.13

±13.12

81.78

±11.42

82.33

±12.23

81.85

±13.40

81.56

±13.52

82.58

±12.84

81.76

±13.52

81.65

±12.45

82.16

±12.62

Partial pressure

of oxygen

(mmHg)

92.35

±11.62

91.23

±10.86

92.43

±11.54

91.79

±12.13

91.42

±12.37

92.35

±11.85

93.13

±11.34

92.34

±12.43

92.57

±12.17

Creatine kinase myocardial B fraction

(U/L)

14.32

±8.34

16.76

±7.67

16.38

±7.37

14.11

±8.24

16.33

±8.26

16.62

±9.13

14.31

±8.26

16.35

±8.42

16.24

±8.23

Continuous variables are presented as means ± standard deviation. Abbreviations: HP, hemoperfusion; CRRT, continuous renal replacement therapy; HP

+CRRT, combined treatment.

https://doi.org/10.1371/journal.pone.0181207.t002

Hemoperfusion and continuous renal replacement therapy for paraquat poisoning

PLOS ONE | https://doi.org/10.1371/journal.pone.0181207 July 13, 2017 5 / 13

https://doi.org/10.1371/journal.pone.0181207.t001
https://doi.org/10.1371/journal.pone.0181207.t002
https://doi.org/10.1371/journal.pone.0181207


as calculated by variance analysis. These data indicate that the treatments were comparable

across the different sub-groups.

Patient clinical parameters during treatment

Table 2 shows the biochemical parameters of patients with plasma PQ concentrations ranging

from 50 to 1,000 ng/mL. At admission (baseline), these parameters did not differ among the

three treatment sub-groups (HP, CRRT, and HP+CRRT). With the progression of toxicity,

multi-organ damage became a serious concern. Levels of total bilirubin, direct bilirubin, ala-

nine aminotransferase, aspartate transaminase, and creatinine rose in every sub-group over

time, and were highest on day 7. In contrast, levels of indirect bilirubin, blood urea nitrogen,

prothrombin time, prothrombin activity, and partial pressure of oxygen did not change

between admission and day 10 in any of the three treatment sub-groups. These data revealed

that low plasma PQ concentration mainly damaged patient’s liver and renal function, indicat-

ing more attention to the liver and kidney function protection.

In patients with plasma PQ levels ranging from 1,000 to 5,000 ng/mL, we analyzed the effect

of different treatments (HP, CRRT, and HP+CRRT) at three time points (baseline, day 5, and

day 10). As shown in Table 3, no significant differences in biochemical parameters were observed

at baseline among the three tested sub-groups. However, compared with baseline, all parameters

indicated severe multi-organ damage on day 5 and day 10 in each sub-group, although indirect

bilirubin values were unchanged. Both CRRT and HP+CRRT therapies were superior to HP in

improving patients’ vital signs, and the HP+CRRT combination treatment was more effective

Table 3. Blood biochemical parameters of patients with high plasma paraquat (PQ) levels over time (n = 81).

Parameter 1,000 ng/mL < PQ level < 5,000 ng/mL

HP CRRT HP+CRRT

Baseline Day 5 Day 10 Baseline Day 5 Day 10 Baseline Day 5 Day 10

Total bilirubin

(μmol/L)

25.59

±32.35

47.53

±23.63

58.65

±24.56

26. 62

±34.22

36.58

±24.55

46.38

±23.48

25. 53

±33.82

31.43

±22.34

39.45

±22.63

Direct bilirubin

(μmol/L)

15.65

±32.5

28.21

±22.41

37.41

±23.32

16.23

±32.15

22.31

±20.12

30.34

±21.58

15.67

±32.34

18.68

±20.52

25.65

±22.35

Indirect bilirubin

(μmol/L)

12.64

±5.47

12.53

±5.41

12.88

±5.35

12.34

±5.56

12.75

±6.32

12.72

±5.43

12.36

±6.12

12.55

±6.29

12.65

±6.47

Alanine aminotransferase

(U/L)

81.74

±112.34

176.52

±126.41

267.31

±131.46

79.85

±117.52

153.65±89.43 236.74

±102.45

79.34

±113.76

127.68

±85.53

184.63

±78.46

Aspartate transaminase

(U/L)

71.46

±73.41

192.43

±71.35

248.63

±75.58

69.23

±74.42

165.52±67.32 211.43

±62.38

70.54

±74.26

135.42

±63.33

163.51

±65.45

Blood urea nitrogen (U/L) 7.53

±6.62

15.58

±7.46

23.52

±6.59

7.43

±7.12

12.42

±6.45

17.47

±6.62

7.31

±7.11

9.23

±5.36

13.56

±5.17

Creatinine

(U/L)

124.31

±134.34

256.35

±123.6

374.24

±133.26

127.34

±135.57

223.41±117.5 333.41

±116.52

127.43

±134.17

186.46

±112.47

289.56

±118.46

Prothrombin time(s) 13.42

±4.78

15.41

±5.13

17.63

±5.23

13.64

±5.22

15.57

±5.41

17.47

±5.45

13.39

±5.27

14.58

±4.52

16.79

±4.45

Prothrombin activity (%) 81.48

±12.24

75.57

±12.25

71.15

±12.41

82.36

±13.14

74.36

±12.62

70.65

±12.44

81.41

±12.71

73.56

±11.42

70.12

±11.49

Partial pressure of oxygen(mmHg) 91.58

±11.32

87.15

±10.46

82.42

±10.41

91.62

±11.43

86.43

±12.13

90.68

±10.47

92.14

±11.42

88.58

±11.55

91.64

±11.32

Creatine kinase myocardial B fraction(U/L) 13.46

±8.23

15.52

±8.64

18.57

±7.41

13.53

±8.67

16.42

±7.67

17.68

±8.32

13.64

±8.27

15.66

±7.32

16.48

±6.53

Continuous variables are presented as means ± standard deviation. Abbreviations: HP, hemoperfusion; CRRT, continuous renal replacement therapy; HP

+CRRT, combined treatment.

https://doi.org/10.1371/journal.pone.0181207.t003
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than CRRT. Analysis showed that the three treatments resulted in markedly different effects in

patients with plasma PQ concentrations between 1,000 and 5,000 ng/mL.

Clinical characteristics of the six sub-groups

There were 83 patients in the low PQ group. According to their records, three were poisoned

via dermal contact from spraying PQ, and the others attempted suicide by ingesting PQ; most

presented with damage to the oral mucosa. The highest PQ concentration in the low-PQ

group was 883 ng/mL, and six of the 83 patients died. The survival rate did not differ between

the three treatment sub-groups. One patient, whose plasma PQ concentration at admission

was 450 ng/mL, arrived at the hospital 19 h after ingestion of PQ, consequently suffering seri-

ous liver and kidney damage 3 days after admission. Since it was deemed that the patient

would not improve, the patient’s family elected to discontinue treatment. The baseline param-

eters of patients in the low-PQ group indicated acute renal and liver damage, seen from a

reduced urine volume, and elevated ALT and AST levels.

In patients with a plasma PQ concentration between 1,000 and 5,000 ng/mL (high-PQ

group), the survival rate declined sharply to 51.85%. The survival rates in three sub-groups

(HP, CRRT, and HP+CRRT) were 40.7%, 52%, and 62.1%, respectively (Table 1). A 34-year-

old female patient with a baseline PQ concentration of 4,195 ng/mL arrived at the hospital 2 h

after ingesting PQ, and HP treatment was initiated within 3.5 h. The patient’s PQ concentra-

tion rapidly decreased to 50 ng/mL after HP treatment. As the plasma PQ was rapidly cleared

from the patient’s blood, kidney, liver, and lung damage was not extensive. After 26 days of

treatment, the patient’s condition improved and she was discharged.

Prognosis analysis

The life table of the 83 patients whose plasma PQ concentration ranged from 50 to 1,000 ng/

mL is shown in Table 4. No patients died within 10 days of admission. Between 10 and 30 days

post-admission, mortality rates were 7.1% in the HP sub-group, 7.7% in the CRRT sub-group,

and 6.9% in the HP+CRRT sub-group. The survival time of patients in this group is shown in

Fig 1. There were no significant differences in overall survival rates and in biomedical parame-

ters during the first 10 days of hospitalization between the three treatment sub-groups, with

the exception of total bilirubin levels. The Cox proportional hazards model for survival analysis

found no significant differences in survival rates between the three treatment sub-groups (Fig

2), and showed that the three treatment methods were not related to prognosis (p>0.05). This

indicates that at plasma PQ concentrations ranging from 50 to 1,000 ng/mL, the treatment

protocol was not a sensitive index for patient prognosis.

Eighty-one patients with high plasma PQ concentrations (1,000–5,000 ng/mL) were treated

similarly. Within the first 10 days of hospitalization, the treatment sub-groups’ fatality rates

Table 4. Fatality times and rates of paraquat-poisoned patients with low plasma paraquat levels (50–1,000 ng/mL, n = 83).

Treatment group Death (<10 d) Death (10–30 d) Total Death

N Fatality (%) N Fatality (%) N Fatality (%)

HP 0 0 2 7.1 2 7.1

CRRT 0 0 2 7.7 2 7.7

HP+CRRT 0 0 2 6.9 2 6.9

Abbreviations: HP, hemoperfusion; CRRT, continuous renal replacement therapy; HP+CRRT, combined treatment.

CRRT, continuous renal replacement therapy; HP+CRRT, combined treatment.

https://doi.org/10.1371/journal.pone.0181207.t004
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were 25.9% in the HP sub-group, 16% in the CRRT sub-group, and 6.9% in the HP+CRRT

sub-group (p<0.05); but the fatality rates on days 10–30 were higher, but did not differ

Fig 1. Survival time of 83 paraquat-poisoned patients (plasma paraquat levels: 50–1,000 ng/mL).

https://doi.org/10.1371/journal.pone.0181207.g001

Fig 2. Comparison of survival curves for three treatments. Hemoperfusion (HP), continuous renal

replacement therapy (CRRT), and combined treatment (HP+CRRT) in patients with plasma paraquat levels

between 50 and 1,000 ng/mL. The chi-squared value between HP and CRRT was 1.056; p>0.05. The chi-

squared value between HP and HP+CRRT was 1.136; p>0.05.

https://doi.org/10.1371/journal.pone.0181207.g002
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between treatment sub-groups (p>0.05) (Table 5). Fig 3 shows the survival curve of patients in

the high-PQ group. The Cox proportional hazards model for survival analysis found signifi-

cant differences in survival rates between the three treatment sub-groups (Fig 4) and treatment

methods were related to prognosis (p<0.05). This indicates that at plasma PQ concentrations

ranging from 1,000 to 5,000 ng/mL, the treatment protocol is a sensitive index for patient

prognosis; the combined HP+CRRT treatment yielded the highest survival rates.

Discussion

In high-PQ patients, the fatality rate within 10 days of hospital admission was lowest in the HP

+CRRT group, and the CRRT sub-group’s mortality was lower than that of the HP sub-group.

However, for patients with longer hospital stays (10–30 days), there was no significant differ-

ence in mortality between the three treatment sub-groups. In patients with low plasma PQ

concentrations (50–1,000 ng/mL), there were no significant differences in survival rates

between the three therapy sub-groups. These findings provide useful information for clinical

application of HP and CRRT in patients with PQ intoxication.

PQ remains a popular pesticide in China, and there is no good antidote for acute PQ poi-

soning [1, 5]. During the first few hours of PQ intoxication, PQ cation radicals (PQ+ or PQ++)

with a high affinity for alveoles directly damage the lungs and frequently cause death from

Table 5. Fatality times and rates of paraquat-poisoned patients with high plasma paraquat levels (1,000–5,000 ng/mL, n = 81).

Treatment group Death (<10 d) Death (10–30 d) Total Death

N Fatality (%) N Fatality (%) N Fatality (%)

HP 7 25.9 9 33.3 16 59.2

CRRT 4 16 8 32 12 48

HP+CRRT 2 6.9 9 31 11 37.9

Abbreviations: HP, hemoperfusion

https://doi.org/10.1371/journal.pone.0181207.t005

Fig 3. Survival time of 81 paraquat-poisoned patients (plasma paraquat levels: 1,000–5,000 ng/mL).

https://doi.org/10.1371/journal.pone.0181207.g003
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respiratory failure [18, 19]. Roebuck [20] and Hensley et al. [21] reported that reactive oxygen

species generated with acute PQ intoxication mediate cell signal transduction and cause

inflammation and inflammatory cell infiltration, leading to liver and kidney damage. Other

studies reported that PQ damaged mitochondria, released free iron from ferritin, and elevated

production of reactive oxygen species, resulting in damage to multiple organs [22, 23]. How-

ever, the mechanism of PQ intoxication is not well-understood. Therapies usually include

clearing plasma PQ and anti-oxidation and anti-inflammatory measures, but there is still no

effective way to treat patients with acute PQ poisoning, and it is critical to develop new clinical

approaches to further improve patient outcomes.

We previously analyzed plasma PQ concentrations in patients with PQ intoxication, and

found that the initial PQ concentration was related to liver, kidney, and coagulation functions,

and could be used as an index for assessing PQ prognosis [7]. Four PQ concentration ranges

were evaluated, and PQ concentrations lower than 50 ng/mL were deemed not life-threaten-

ing, while concentrations exceeding 5,000 ng/mL were considered lethal, even if patients

received early HP and comprehensive treatments. Therefore, in this study, we selected two

ranges of plasma PQ concentrations (50–1,000 ng/mL and 1,000–5,000 ng/mL) to compare

HP and CRRT. HP is currently considered the only effective approach for treating PQ intoxi-

cation, and has been broadly applied in clinical settings [16, 24, 25]. As in HP, CRRT achieves

movement of solutes across a semi-permeable membrane [26, 27]. Due to CRRT’s slow diffu-

sion, its convection overcomes the reduced removal rate of larger solutes seen in HP. To com-

pare the efficacy of HP and CRRT, we set up three treatment sub-groups at the two ranges of

plasma PQ levels, and further divided the data into three time points for comparing blood bio-

chemical parameters and mortality rates. In the low-PQ group, some blood biochemical

Fig 4. Comparison of survival curves for three treatments. Hemoperfusion (HP), continuous renal

replacement therapy (CRRT), and combined treatment (HP+CRRT) in patients with plasma paraquat levels

between 1,000 and 5,000 ng/mL. The chi-squared value between HP and CRRT was 1.466; p>0.05. The chi-

squared value between HP and HP+CRRT was 2.276; p<0.05.

https://doi.org/10.1371/journal.pone.0181207.g004

Hemoperfusion and continuous renal replacement therapy for paraquat poisoning

PLOS ONE | https://doi.org/10.1371/journal.pone.0181207 July 13, 2017 10 / 13

https://doi.org/10.1371/journal.pone.0181207.g004
https://doi.org/10.1371/journal.pone.0181207


parameters varied over time in different treatment groups, but fatality rates did not. In con-

trast, in the high-PQ group, most liver and kidney indices improved significantly, and fatality

rates during the first 10 days of hospitalization differed between treatment sub-groups.

Our study has some limitations. The number of cases was small, and the study population

comprised only Asians. Owing to PQ’s rapid redistribution from the circulation to other com-

partments, the initial PQ determination may not have been reliable, and may have resulted in

incorrect sub-grouping [28]. Plasma and urine concentrations have been reported to be effec-

tive parameters in predicting clinical outcome following acute PQ poisoning [29]. Therefore,

measuring urine PQ levels may be required for better assessment in cases of PQ poisoning.

Conclusions

The lack of a specific antidote for PQ poisoning makes improving the current treatment meth-

ods highly desirable. We found that CRRT therapy improved the prognosis of PQ-poisoned

patients to a greater extent than HP when patients’ plasma PQ levels ranged from 1,000 to

5,000 ng/mL. Combining both treatments may increase the survival of PQ-poisoned patients,

and should be considered a beneficial protocol in current clinical treatments.
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