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Abstract

:

The efficacy of hemoperfusion (HP) in patients with acute paraquat poisoning (PQ) remains controversial. We conducted a multi-center retrospective study to include acute PQ-poisoned patients admitted to two tertiary medical centers between 2005 and 2015. We used the Severity Index of Paraquat Poisoning (SIPP) to stratify the severity of PQ-poisoned patients. The indication to start HP was a positive result for the semiquantitative urine PQ test and presentation to the hospital was within 24 h. Early HP was defined as the first session of HP performed within five hours of PQ ingestion. A total of 213 patients (100 HP group, 113 non-HP group) were eligible for the study. The overall 60-day mortality of poisoned patients was 75.6% (161/213). Multivariate Cox regression analysis showed no statistically significant difference in 60-day survival between HP and non-HP groups (95% confidence interval (CI): 0.84–1.63, p = 0.363). Further subgroup analysis in the HP group showed early HP (95% CI: 0.54–1.69, p = 0.880), and multiple secessions of HP (95% CI: 0.56–1.07, p = 0.124) were not significantly related to better survival. Among acute PQ-poisoned patients, this study found that HP was not associated with increased 60-day survival. Furthermore, neither early HP nor multiple secessions of HP were associated with survival.
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1. Introduction


Paraquat (PQ; 1,1′-Dimethyl-4,4′-bipyridinium dichloride) is a non-selective herbicide, used primarily for weed and grass control since 1960 [1]. Because PQ is highly poisonous, PQ poisoning is associated with a high mortality rate (50–90%) and is a serious public health problem, especially in Asian countries [2,3]. Worldwide, paraquat accounts for 20 deaths per million persons [4]. In the United States, the US Environmental Protection Agency classifies PQ as “restricted use.” However, the European Union and Korea have banned the use of PQ [4,5].



The initial therapy for PQ poisoning consists of gastrointestinal decontamination to prevent further absorption for oral exposures by using activated charcoal. This is followed by supportive care measures including enhanced elimination of serum PQ by hemoperfusion (HP) and medications inhibiting the inflammatory response, such as immunosuppressants (corticosteroid and cyclophosphamide) and antioxidants (N-acetylcysteine and vitamin C) [1]. HP is the most widely investigated elimination intervention because of the high clearance rate of PQ from blood [6]. However, some studies have shown that the survival benefit of HP was not as promising as expected [7,8,9].



Recently, several cohort studies have suggested a survival benefit when comparing HP to medications alone in PQ-poisoned patients [10,11,12,13]. Many of these studies demonstrated that early initiation (within 4–6 h) of HP after acute PQ ingestion might improve the survival of PQ-poisoned patients [10,12,13]. However, these studies may have limitations as the authors did not clearly stratify patients by poisoning severity or account for other interventions [12,13]. For example, some studies did not report the elapsed time to the first HP, and these studies did not include immunosuppressants or antioxidants as part of the therapy [11]. Additionally, these studies were conducted in developing countries such as China or India, where care may be delayed, especially in rural areas [11,13].



We conducted a multi-center retrospective study to improve the characterization of the clinical efficacy of HP in PQ-poisoned patients. We stratified patients using the Severity Index of Paraquat Poisoning (SIPP) and measured the use of immunosuppressive and antioxidant treatments. SIPP is calculated by multiplying the elapsed time (hours) from ingestion to arrival by the serum paraquat level (mcg/mL). Sawada et al. reported that patients with a SIPP of less than 10 have a good chance of survival. In contrast, those with a SIPP between 10 and 50 often die because of interstitial pulmonary fibrosis secondary to PQ poisoning, and those with values greater than 50 die rapidly owing to circulatory collapse [14]. We also evaluated whether early HP and multiple sessions of HP were associated with improved survival.




2. Materials and Methods


2.1. Study Population


This study was a multi-center retrospective chart review study, performed in two tertiary referral medical centers in northern Taiwan: Taipei Veterans General Hospital and Linkou Chang Gung Memorial Hospital. We collected cases of acute PQ poisoning admitted to the emergency department from 1 January 2005, to 31 December 2015. We performed patient screening by collecting those whose emergency department (ED) discharge diagnosis was pesticide intoxication from both hospitals. We further confirmed the case to be acute PQ poisoning by directly reviewing the electronic medical records. The inclusion criteria were: 1. confirmed acute paraquat poisoning cases; and 2. age greater than 16 years old. The exclusion criteria were: 1. the time from ingestion to arrival at ED longer than 24 h; 2. missing data on serum PQ concentrations; 3. missing of mortality status or interval to death; and 4. non-oral exposure.




2.2. Ethics Statement


This study complied with the guidelines of the Declaration of Helsinki, and the Institutional Review Board (IRB) also approved it (IRB approval codes and dates: 2016-05-001BC on 13 May 2016; 201600407B0 on 21 April 2016). All the data were analyzed anonymously, and the IRB waived the requirement for informed consent.




2.3. Data Collection and Definition


Two board-certified emergency physicians independently performed data extraction using a standardized procedure in each case. The kappa coefficient was 0.780. We recorded patients’ baseline characteristics (sex, age), hospitals, exposure history (amount, reason), initial vital signs and routine labs on arrival, initial serum PQ concentration (mcg/mL), and interval from ingestion to the medical facility (hour, time to physician provider). SIPP was calculated in each case. The treatment modalities identified for each patient included gastric decontamination with activated charcoal, HP, immunosuppressive therapy, and antioxidant therapy. For HP, we recorded the interval from ingestion to initiation of HP and the secession of HP performed. Each secession of HP was performed in a six hour duration. The indication to start HP was a positive result for semiquantitative urine PQ test and presentation to the hospital within 24 h. The early HP was defined as PQ-poisoned patients who received the first session of HP within five hours of PQ ingestion.



The protocol for immunosuppressive therapy consisted of administration of corticosteroid, starting with methylprednisolone (1 g/day for three days) followed by dexamethasone (20–40 mg per day) or administration of cyclophosphamide, starting dose with 15 mg/kg/day for two days. The protocol for antioxidant therapy consisted of administration of N-acetylcysteine with a loading dose 140 mg/kg, then 70 mg/kg Q4H for three days, and vitamin C (200–400 mg per day).




2.4. Outcome Measures


The primary outcome measures were 60-day survival and time to death. Subgroup analysis included 60-day survival in PQ-poisoned patients with early HP and other prognostic factors.




2.5. Statistical Analysis


We performed all statistical analyses with IBM® SPSS version 25 (IBM Corp, Armonk, NY, USA). Independent t-tests and Chi-squares test were used for baseline data between HP and non-HP groups. Continuous variables are expressed as the median and standard deviation (SD), and categorical variables are expressed as numbers or percentages for each item. To assess the relationship between treatment protocols and mortality, the Kaplan–Meier survival curves were compared with the log rank test. Then we performed a Cox proportional hazard regression model to determine the primary outcomes while controlling for possible confounding baseline characteristics in all patients, including age, sex, SIPP, and initial serum concentration of creatinine. To evaluate the benefit of early initiation of HP within five hours, we performed another Cox proportional hazard regression model among patients who underwent HP. For every Cox model, we reported the hazard ratios (HR) for survival, and 95% confidence intervals (CIs). All probabilities were two-sided, with p < 0.05 considered statistically significant.





3. Results


3.1. Enrollment


Of all the pesticide intoxication cases, including paraquat poisoning, organophosphate poisoning, carbamate poisoning, glyphosate poisoning, etc., we identified 320 patients (34%) with acute PQ poisoning during the studying period. Of these, 107 patients were excluded. Finally, we included 213 patients in the study for analysis (Figure 1).



To evaluate for selection bias, we compared the baseline characteristics between the inclusion group (n = 213) to those who presented early (≤24 h), were orally exposed, and were missing serum PQ concentration (n = 24). There was no significant difference in terms of mortality between the two groups (Table 1).




3.2. Baseline Characteristic


The mean age was 51.4 ± 17.4 years, with age ranging between 17 and 90 years. Most of these patients were healthy at baseline. The overall mortality was 75.6% (161/213). Of the 161 expired patients, 129 (80.1%) patients died within three days after PQ ingestion. The mean time to mortality in HP group and non-HP group were 4.2 days and 2.8 days (t-test p = 0.158). The mortalities for patients who had SIPP < 10, SIPP 10–50, and SIPP > 50 were 33.8% (25/74), 96.9% (63/65), and 98.6% (73/74), respectively. The mean serum paraquat level was 34.24 mcg/mL. The mean elapsed time from ingestion to ED arrival was 5.91 h; only 32.4% (69/213) presented within three hours. One hundred and fifty (70.4%) patients received gastric decontamination. One hundred (46.9%) patients received HP, and twenty-two of them got early HP. The percentage of the patients treated with immunosuppression therapy and antioxidant therapy was 68.5% (n = 146) and 40.0% (n = 85).




3.3. Differences between HP and Non-HP Groups


The analysis of characteristics revealed younger age, higher Glasgow Coma Scale (GCS) score on arrival, and lower creatinine concentration in the HP group. Additionally, the HP group had a significantly higher proportion administered cyclophosphamide and lower proportion administered N-acetylcysteine. The mortality for the HP group and the non-HP group did not show a statistically significant difference (Table 2).




3.4. Survival Analysis


Our multivariate Cox analysis found no statistically significant difference in survival between HP and non-HP groups (HR: 1.17, 95% CI: 0.84–1.63, p = 0.363) after adjusting to confounding factors (Table 3). Neither did Kaplan–Meier survival analysis show improved survival in HP group (Figure S1). Younger age, lower initial creatinine level, and lower SIPP scores were significantly related to better survival (Table 3).



In the subgroup analysis of the 100 patients who received HP, the survival time of the early HP group was not significantly higher than the late HP group (elapsed time > 5 h; Figure 2).



In multivariate Cox analysis, both early HP and multiple secessions of HP were not significantly related to better survival. A lower SIPP score was the only variable significantly associated with better survival (HR: 2.49, 95% CI: 1.75–3.56, p < 0.001; Table 4).





4. Discussion


This study found that HP was not associated with increased survival of acute PQ-poisoned patients after adjustment for SIPP, age, and renal function. Furthermore, neither early HP nor multiple secessions of HP were associated with survival. To our knowledge, this study was the largest cohort to report the clinical impact of HP among PQ-poisoned patients in Taiwan.



Hemoperfusion is frequently recommended for acute PQ poisoning. Previous studies have suggested HP is associated with better survival when compared to medications alone in PQ-poisoned patients [10,11,12,13]. However, these results might have been biased by lack of quantitative serum PQ concentration that led to misclassification in survival analysis [10,12,13] or because they did not include the use immunosuppressant or antioxidant therapies [11,12,13]. PQ concentrations in urine and serum have been used to predict the severity of poisoning [1]. However, blood concentrations are a better predictor of outcome [15]. The SIPP, an index for clinicians to determine the severity of PQ poisoning, is determined by multiplying serum PQ concentration on admission (ppm) by the time to treatment (in hours). SIPP values under 10 are an indication to clinicians that PQ-poisoned patients have a higher probability of survival [14]. In addition, when compared to other scoring systems such as APACHE II (Acute Physiology and Chronic Health Evaluation score), SIPP has been proven to be superior in predicting the prognosis [16]. After stratifying patients using SIPP, our study found that HP was not associated with a survival benefit of PQ-poisoned patients. These results were similar to those studies using the stratification of PQ concentration in serum [7,8,9].



Early initiation of HP (compared to later initiation) was also investigated recently [10,12,13]. It is based on the idea that the peak time of plasma PQ absorption is only 1–3 h [6]. Once the plasma PQ concentration reaches the peak level, PQ rapidly distributes into peripheral tissues and lungs. Some cohort studies found that early initiation of HP (within 4–6 h) after acute PQ ingestion might improve the survival of PQ-poisoned patients [10,12,13]. However, our result suggests no survival benefit when HP was initiated within 5 h. There are several possible reasons for these differences. First, treatment within the first five hours has a minimal impact on PQ absorption into the lung. The concentration peak time of PQ in the lung is approximately 5–7 h [17]. Early HP therapy does not reduce the concentration of PQ in the muscle and lung tissues [7]. Second, PQ-poisoning related multi-organ failure and death include the generation of free radicals, the subsequent transcription of pro-inflammatory proteins, and direct damage to mitochondria [18]. There is no evidence that HP has clearance on free radicals or cytokines in human species. Third, in reality, the initiation of HP within five hours was very impractical since most patients presented to the hospital for more than 5 h after exposure. In our study, only 10.3% (22/213) patients received HP within five hours from PQ ingestion. The mortality of this proportion of patients was 77% (17/22), which was higher than retrospective studies conducted in Taiwan and China [10,12].



The HP group was significantly younger, had better GCS, better renal function, and lower SIPP scores than the non-HP group (Table 2). This result revealed that many physicians tend to initiate HP therapy to younger patients or those presented without signs of end-organ dysfunction, such as good GCS and renal function. They believe that these patients would gain some benefit from enhanced PQ clearance. On the contrary, if patients presented with multi-organ dysfunction on arrival, physicians may be reluctant to initiate HP therapy. In this kind of condition, HP has little effect in clearing the free radical and cytokines already generated from paraquat intoxication unless the polymyxin B immobilized fiber column was used [19]. In this cohort study, however, we found the HP group was not significantly related to increasing survival (p = 0.363, adjusted hazard ratio (HR): 1.17); in Cox regression model even these patients were younger or had better physiological status than non-HP group. This result indicated that HP therapy might not increase the survival of acute paraquat poisoning.



Multiple secessions of HP have also been suggested as a reasonable method to remove more PQ because there is often a rebound in plasma PQ concentrations following the termination of the extracorporeal procedure [20]. Prior studies have also noted that multiple secessions of HP were associated with improved survival [21,22]. However, our result does not show a difference between a single and multiple sessions of HPs in terms of survival. One potential explanation is that PQ kinetics are described by the two-compartment model. As muscle is the primary source of PQ reservoir after initial distribution, the muscle slowly releases PQ back into the circulation over days to weeks with a half-life ranging from 100–150 h [23]. In addition, PQ mainly accumulates in the lung (pulmonary concentrations can be six to ten times higher than those in the plasma), where it is retained even when blood concentrations start to decline [1]. Therefore, total body PQ burden was not significantly reduced when multiple secessions of HP were performed [24]. Another potential explanation is that most of the PQ-poisoned patients (80.1%) in our study died within three days, so we did not have enough patients to measure the effect of multiple secession of HP on pulmonary fibrosis.



Recently several studies conducted in China reported that HP combined with continuous renal replacement therapy (CCRT) might improve the survival of mildly to moderately PQ intoxicated patients [25,26]. These studies reported that CCRT could reduce the harm of PQ redistribution from peripheral tissue. The mortality in these studies was around 30–40%. However, the mortality in non-HP group who had a SIPP < 10 was 25.6% (10/39), which was similar to previous studies where HP was not administered. PQ is primarily excreted in urine [1], and the renal clearance rate for PQ under normal renal function is two to four times the clearance rate of HP [17]. Therefore, the clearance rate of PQ by HP is minimal when the plasma PQ level is low [27]. In our study, a low serum creatinine was associated with a good prognosis of PQ-poisoned patients. It is doubtful that HP can provide additional PQ clearance in mildly PQ-poisoned patients with normal renal function. Therefore, more studies are needed to investigate if CCRT confers an additional survival benefit.



In conclusion, we demonstrated that single or multiple secessions of HP with an elapsed time from exposure to first HP within five hours did not improve survival in PQ-poisoned patients. Nevertheless, we found lower SIPP values, lower serum creatinine concentration, and younger age were prognostic factors for all PQ-poisoned patients. The strength of our study is risk stratification for the severity of PQ poisoning and delay to care, and the use of immunosuppressants/antioxidants.




5. Limitation


Our study has certain limitations. First, this is not a prospective controlled trial. Patients were not randomized to treatment, therefore selection bias is possible. While we adjusted for some potential confounders, we cannot adjust for all baseline characteristics. Second, the number of cases was small, and the study population comprised of only Asians. Third, we lack the serial serum PQ level, which makes it difficult to evaluate the actual toxicokinetic effect from HP.








Supplementary Materials


The following are available online at https://www.mdpi.com/2305-6304/8/4/84/s1, Figure S1: Kaplan–Meier survival analysis between the hemoperfusion (HP) group and non-HP group (p = 0.943, log-rank test).





Author Contributions


Y.-T.Y., C.-C.L., and Y.-C.C. conceptualized the study and designed the analysis. C.-K.C., C.-M.C., and K.-P.L. collected the data. All authors contributed to perform the analysis. Y.-T.Y. and Y.-C.C. wrote the final manuscript. H.-T.Y. and C.-K.H. were the guarantors of the study. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Acknowledgments


The authors would like to thank all the physicians and monitors participating in the data collection for this study. We would also like to thank Kennon Heard, for his critical review and editing of the manuscript.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Dinis-Oliveira, R.J.; Duarte, J.A.; Sanchez-Navarro, A.; Remiao, F.; Bastos, M.L.; Carvalho, F. Paraquat poisonings: Mechanisms of lung toxicity, clinical features, and treatment. Crit. Rev. Toxicol. 2008, 38, 13–71. [Google Scholar] [CrossRef] [PubMed]

	



Gunnell, D.; Eddleston, M.; Phillips, M.R.; Konradsen, F. The global distribution of fatal pesticide self-poisoning: Systematic review. BMC Public Health 2007, 7, 357. [Google Scholar] [CrossRef]

	



Lee, H.L.; Lin, H.J.; Yeh, S.T.; Chi, C.H.; Guo, H.R. Presentations of patients of poisoning and predictors of poisoning-related fatality: Findings from a hospital-based prospective study. BMC Public Health 2008, 8, 7. [Google Scholar] [CrossRef] [PubMed]

	



Ko, D.R.; Chung, S.P.; You, J.S.; Cho, S.; Park, Y.; Chun, B.; Moon, J.; Kim, H.; Kim, Y.H.; Kim, H.J.; et al. Effects of Paraquat Ban on Herbicide Poisoning-Related Mortality. Yonsei Med. J. 2017, 58, 859–866. [Google Scholar] [CrossRef] [PubMed]

	



Kervégant, M.; Merigot, L.; Glaizal, M.; Schmitt, C.; Tichadou, L.; de Haro, L. Paraquat poisonings in France during the European ban: Experience of the Poison Control Center in Marseille. J. Med. Toxicol. 2013, 9, 144–147. [Google Scholar] [CrossRef]

	



Hong, S.Y.; Yang, J.O.; Lee, E.Y.; Kim, S.H. Effect of haemoperfusion on plasma paraquat concentration in vitro and in vivo. Toxicol. Ind. Health 2003, 19, 17–23. [Google Scholar] [CrossRef] [PubMed]

	



Van de Vyver, F.L.; Giuliano, R.A.; Paulus, G.J.; Verpooten, G.A.; Franke, J.P.; de Zeeuw, R.A.; van Gaal, L.F.; de Broe, M.E. Hemoperfusion-hemodialysis ineffective for paraquat removal in life-threatening poisoning? J. Toxicol. Clin. Toxicol. 1985, 23, 117–131. [Google Scholar] [CrossRef]

	



Bismuth, C.; Garnier, R.; Dally, S.; Fournier, P.E.; Scherrmann, J.M. Prognosis and treatment of paraquat poisoning: A review of 28 cases. J. Toxicol. Clin. Toxicol. 1982, 19, 461–474. [Google Scholar] [CrossRef]

	



Hampson, E.C.; Pond, S.M. Failure of haemoperfusion and haemodialysis to prevent death in paraquat poisoning. A retrospective review of 42 patients. Med. Toxicol. Advers. Drug Exp. 1988, 3, 64–71. [Google Scholar]

	



Hsu, C.W.; Lin, J.L.; Lin-Tan, D.T.; Chen, K.H.; Yen, T.H.; Wu, M.S.; Lin, S.C. Early hemoperfusion may improve survival of severely paraquat-poisoned patients. PLoS ONE 2012, 7, e48397. [Google Scholar] [CrossRef]

	



Li, A.; Li, W.; Hao, F.; Wang, H. Early Stage Blood Purification for Paraquat Poisoning: A Multicenter Retrospective Study. Blood Purif. 2016, 42, 93–99. [Google Scholar] [CrossRef] [PubMed]

	



Wang, H.R.; Pan, J.; Shang, A.D.; Lu, Y.Q. Time-dependent haemoperfusion after acute paraquat poisoning. Sci. Rep. 2017, 7, 2239. [Google Scholar] [CrossRef] [PubMed]

	



Rao, R.; Bhat, R.; Pathadka, S.; Chenji, S.K.; Dsouza, S. Golden Hours in Severe Paraquat Poisoning—The Role of Early Haemoperfusion Therapy. J. Clin. Diagn. Res. 2017, 11, Oc06–Oc08. [Google Scholar] [CrossRef] [PubMed]

	



Sawada, Y.; Yamamoto, I.; Hirokane, T.; Nagai, Y.; Satoh, Y.; Ueyama, M. Severity index of paraquat poisoning. Lancet 1988, 1, 1333. [Google Scholar] [CrossRef]

	



Scherrmann, J.M.; Houze, P.; Bismuth, C.; Bourdon, R. Prognostic value of plasma and urine paraquat concentration. Hum. Toxicol. 1987, 6, 91–93. [Google Scholar] [CrossRef]

	



Xu, S.; Hu, H.; Jiang, Z.; Tang, S.; Zhou, Y.; Sheng, J.; Chen, J.; Cao, Y. APACHE score, Severity Index of Paraquat Poisoning, and serum lactic acid concentration in the prognosis of paraquat poisoning of Chinese Patients. Pediatr. Emerg. Care 2015, 31, 117–121. [Google Scholar] [CrossRef]

	



Bismuth, C.; Scherrmann, J.M.; Garnier, R.; Baud, F.J.; Pontal, P.G. Elimination of paraquat. Hum. Toxicol. 1987, 6, 63–67. [Google Scholar] [CrossRef]

	



Gawarammana, I.B.; Buckley, N.A. Medical management of paraquat ingestion. Br. J. Clin. Pharmacol. 2011, 72, 745–757. [Google Scholar] [CrossRef]

	



Naka, T.; Shinozaki, M.; Akizawa, T.; Shima, Y.; Takaesu, H.; Nasu, H. The Effect of Continuous Veno-Venous Hemofiltration or Direct Hemoperfusion with Polymyxin B-Immobilized Fiber on Neutrophil Respiratory Oxidative Burst in Patients with Sepsis and Septic Shock. Ther. Apher. Dial. 2006, 10, 7–11. [Google Scholar] [CrossRef]

	



De Broe, M.E.; Bismuth, C.; de Groot, G.; Heath, A.; Okonek, S.; Ritz, D.R.; Verpooten, G.A.; Volans, G.N.; Widdop, B. Haemoperfusion: A useful therapy for a severely poisoned patient? Hum. Toxicol. 1986, 5, 11–14. [Google Scholar] [CrossRef]

	



Proudfoot, A.T.; Prescott, L.F.; Jarvie, D.R. Haemodialysis for Paraquat Poisoning. Hum. Toxicol. 1987, 6, 69–74. [Google Scholar] [CrossRef] [PubMed]

	



Suzuki, K.; Takasu, N.; Okabe, T.; Ishimatsu, S.; Ueda, A.; Tanaka, S.; Fukuda, A.; Arita, S.; Kohama, A. Effect of Aggressive Haemoperfiusion on the Clinical Course of Patients with Paraquat Poisonin. Hum. Exp. Toxicol. 1993, 12, 323–327. [Google Scholar] [CrossRef] [PubMed]

	



Houze, P.; Baud, F.J.; Mouy, R.; Bismuth, C.; Bourdon, R.; Scherrmann, J.M. Toxicokinetics of paraquat in humans. Hum. Exp. Toxicol. 1990, 9, 5–12. [Google Scholar] [CrossRef] [PubMed]

	



Hampson, E.C.; Effeney, D.J.; Pond, S.M. Efficacy of single or repeated hemoperfusion in a canine model of paraquat poisoning. J. Pharmacol. Exp. Ther. 1990, 254, 732–740. [Google Scholar] [PubMed]

	



Li, C.; Hu, D.; Xue, W.; Li, X.; Wang, Z.; Ai, Z.; Song, Y.; Liu, X.; Cheng, J.; Fan, S.; et al. Treatment Outcome of Combined Continuous Venovenous Hemofiltration and Hemoperfusion in Acute Paraquat Poisoning: A Prospective Controlled Trial. Crit. Care Med. 2018, 46, 100–107. [Google Scholar] [CrossRef] [PubMed]

	



Wang, Y.; Chen, Y.; Mao, L.; Zhao, G.; Hong, G.; Li, M.; Wu, B.; Chen, X.; Tan, M.; Wang, N.; et al. Effects of hemoperfusion and continuous renal replacement therapy on patient survival following paraquat poisoning. PLoS ONE 2017, 12, e0181207. [Google Scholar] [CrossRef] [PubMed]

	



Shi, Y.; Bai, Y.; Zou, Y.; Cai, B.; Liu, F.; Fu, P.; Wang, L. The value of plasma paraquat concentration in predicting therapeutic effects of haemoperfusion in patients with acute paraquat poisoning. PLoS ONE 2012, 7, e40911. [Google Scholar] [CrossRef]








[image: Toxics 08 00084 g001 550] 





Figure 1. Inclusion algorithm.ER: Emergency room; PQ: paraquat; HP: Hemoperfusion. 
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Figure 2. Kaplan–Meier survival analysis of between the early HP group and late HP group (p = 0.603, log-rank test). 
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Table 1. Baseline characteristics comparison for the evaluation of selection bias.
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	Parameter
	Patient Having sPQ,

n = 213
	Patient Not Having sPQ,

n = 24
	p-Value





	Median age, years (SD)
	51 (17.44)
	54 (17.84)
	0.391



	Gender
	
	
	0.488



	 Male, n (%)
	145 (68.1)
	18 (75.0)
	



	 Female, n (%)
	68 (31.9)
	6 (25.0)
	



	GCS > 13, n (%)
	154 (72.3)
	14 (58.3)
	0.153



	Creatinine (mg/dl); Mean (SD)
	1.66 (1.29)
	2.68 (4.00)
	0.227



	Gastric lavage, n (%)
	171 (80.3)
	17 (70.3)
	0.291



	Activated charcoal, n (%)
	150 (70.4)
	11 (45.8)
	0.014



	Cyclophosphamide, n (%)
	32 (15.0)
	3 (12.5)
	1.0



	N-acetylcysteine, n (%)
	74 (34.7)
	10 (41.7)
	0.501



	Vitamin C, n (%)
	48 (22.5)
	6 (25.0)
	0.785



	Steroid, n (%)
	146 (68.5)
	18 (75)
	0.516



	HP, n (%)
	100 (46.9)
	5 (20.8)
	0.015



	Mortality, n (%)
	161 (75.6)
	22 (91.7)
	0.075







sPQ: serum paraquat level; GCS: Glasgow Coma Scale; SD: Standard deviation; HP: Hemoperfusion. p > 0.05 non-significant.
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Table 2. Baseline characteristics between the HP group and non-HP group.
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	Parameter
	HP Group

n = 100
	Non-HP Group

n = 113
	p-Value





	Median age, years (SD)
	47 (17.41)
	54 (16.96)
	0.006



	Gender
	
	
	0.365



	 Male, n (%)
	65 (65.0)
	80 (70.8)
	



	 Female, n (%)
	35 (35.0)
	33 (29.2)
	



	GCS > 13, n (%)
	82 (82)
	72 (63.7)
	0.003



	Creatinine (mg/dL); Mean (SD)
	1.36 (0.82)
	1.93 (1.56)
	0.001



	SIPP; Mean (SD)
	98.71 (399.10)
	158.53 (338.07)
	0.238



	 SIPP < 10, n (%)
	35 (35.0)
	39 (34.5)
	0.941



	 SIPP 10–50, n (%)
	33 (33.0)
	32 (28.3)
	0.459



	 SIPP > 50, n (%)
	32 (32.0)
	42 (37.2)
	0.429



	Gastric lavage, n (%)
	83 (83.0)
	88 (77.9)
	0.348



	Activated charcoal, n (%)
	75 (75.0)
	75 (66.4)
	0.169



	Cyclophosphamide, n (%)
	23 (23.0)
	9 (8.0)
	0.002



	N-acetylcysteine, n (%)
	22 (22.0)
	52 (46.0)
	<0.001



	Vitamin C, n (%)
	21 (21.0)
	27 (23.9)
	0.614



	Steroid, n (%)
	73 (73.0)
	73 (64.6)
	0.188



	Mortality, n (%)
	78 (78.0)
	83 (73.5)
	0.441







GCS: Glasgow Coma Scale; SIPP: Severity Index of Paraquat Poisoning; p > 0.05 non-significant.
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Table 3. Multivariate Cox Proportional Hazards Model for Mortality Prediction of Paraquat Poisoning in all patients (n = 213).






Table 3. Multivariate Cox Proportional Hazards Model for Mortality Prediction of Paraquat Poisoning in all patients (n = 213).





	Variables
	Adjusted HR (95% CI)
	p-Value





	Age (years)
	1.01 (1.00–1.02)
	0.024



	Gender as female (Yes)
	0.97 (0.69–1.37)
	0.888



	Creatinine (mg/dL)
	1.17 (1.05–1.29)
	0.003



	SIPP
	2.61 (2.08–3.28)
	<0.001



	Cyclophosphamide (Yes)
	0.80 (0.50–1.33)
	0.384



	N-acetylcysteine (Yes)
	1.00 (0.71–1.41)
	0.995



	HP group (Yes)
	1.17 (0.84–1.63)
	0.363







HR: Hazard ratio; SIPP: Severity Index of Paraquat Poisoning; HP group: Hemoperfusion group; p > 0.05 non-significant.
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Table 4. Multivariate Cox Proportional Hazards Model for Mortality Prediction of Paraquat Poisoning in HP group (n = 100).






Table 4. Multivariate Cox Proportional Hazards Model for Mortality Prediction of Paraquat Poisoning in HP group (n = 100).





	Variables
	Adjusted HR (95% CI)
	p-Value





	Age (years)
	1.01 (0.99–1.03)
	0.083



	Gender as female (Yes)
	0.84 (0.50–1.39)
	0.490



	Creatinine (mg/dL)
	1.15 (0.88–1.50)
	0.320



	SIPP
	2.49 (1.75–3.56)
	<0.001



	Cyclophosphamide (Yes)
	0.71 (0.39–1.31)
	0.277



	N-acetylcysteine (Yes)
	0.68 (0.36–1.27)
	0.224



	Secession of HP
	0.78 (0.56–1.07)
	0.124



	Interval to first HP ≤ 5 h
	0.96 (0.54–1.69)
	0.880







SIPP: Severity Index of Paraquat Poisoning; HP: Hemoperfusion; p > 0.05 non-significant.
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