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INTRODUCTION

Paraquat (PQ) is an effective herbicide with a high
mortality rate in acute poisoning.?! Exposure occurs
accidentally or intentionally as a suicide attempt. PQ
poisoning is becoming a serious public health concern,
especially in developing countries, due to its easy access
and lack of awareness of potential harms. Multiple
organ failure, including lung, kidney, and liver failure,
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occurs in severe poisoning. The most common cause of
death is respiratory failure.*®

There is still no standard and effective treatment.

Decreased absorption by gastric lavage and oral
activated charcoal; elimination through different
techniques (conventional hemodialysis [HD],
hemoperfusion [HP], continuous venovenous
hemofiltration [CVVH], and continuous renal
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replacement therapy [CRRT]); decreased inflammatory
response by the immunosuppressants (corticosteroids and
cyclophosphamide); antioxidants (N-acetyl cysteine [NAC],
Vitamin C, and Vitamin E); and a combination of different
therapies have been used to treat patients with PQ
intoxication with different outcomes for survival.*! In
addition, prognostic factors have been reported in some
studies concerning different treatments.*3!

Conventional HD is used in many developing countries for
patients with PQ intoxication. Some studies have shown that
HD reduces mortality, while others have reported that HD
has little effect on patient recovery. 910293234

Although the effect of HP, CVVH, CRRT,
immunosuppressants, and antioxidants has been reported
in PQ poisoning in systematic review studies,®*! the impact
of HD on the outcome of patients with PQ poisoning has
not been evaluated systematically yet. Due to the high
rate of PQ patients, a systematic review and meta-analysis
study was conducted on the HD effect on the outcome of
the patients (survival/death).

MATERIALS AND METHODS

This study was a systematic review, and a meta-analysis
was carried out according to the PRISMA guideline.*! The
Institutional Ethics Committee of Isfahan University of
Medical Sciences approved the project.

Search strategy and study selection

Three specialists of the research team searched the
international reference databases: Web of Science, PubMed,
Excerpta Medical Database, Google Scholar, Scopus,
Cochrane, Web of knowledge, Pro-Quest, Science Direct,
Springer, Clinical Key, Scientific Information Database,
Magiran, Iran-doc, Ministry of Health (MOH) Thesis, and
MOH articles, in publications before January 1, 2020. We
selected all studies with the following keywords: Paraquat,
hemodialysis, dialysis, poisoning, overdose, intoxication,
mortality, survival, fatality. Our search strategy was as the
following patterns: ((hemodialysis OR dialysis or “Renal
Dialysis” OR hemodialysis) AND (paraquat OR Gramoxone)
AND (poisoning OR intoxication OR overdose OR toxicity)
AND (survival OR death OR mortality OR fatality)) in
TITLE, as well as ((haemodialysis OR dialysis or “Renal
Dialysis” OR hemodialysis) AND (paraquat OR Gramoxone)
AND (poisoning OR intoxication OR overdose OR toxicity)
AND (survival OR death OR mortality OR fatality)) in
KEYWORD/MESH/SUBJECT [Supplementary Table 1].
Three researchers independently conducted the screening
process by PICO search tool: P (population): Patients with
PQ poisoning either accidentally or intentionally as a
suicide attempt. I (interventions): Performing HD with or
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without other treatment modalities such as gastrointestinal
decontamination, immunosuppressant (dexamethasone,
methylprednisolone, and cyclophosphamide), and
antioxidants (NAC, Vitamin C, Vitamin E, and
deferoxamine). C (comparison): Comparison between
patients who received HD (Group 1) with those who did
not (Group 2). The other standard treatments in both groups
were similar. O (outcome): Assessment of death or survival.
Three researchers evaluated the full texts of included
studies independently. Finally, in a consensus meeting,
the research team, according to inclusion/exclusion criteria,
decided whether the study should be accepted for quality
and quantity analysis or not.

We did not apply any limitation on article types and
searched all interventional (randomized clinical trial),
noninterventional, and observational studies that included
all historical cohorts, cross-sectional, and case—control.
Furthermore, one researcher reviewed all articles’ references
to find more relevant studies in the second round of the
project (hand searching).

The inclusion criteria were: (1) articles published in English/
non-English and Persian (with English abstract) before
January 1, 2020; (2) the studied population was PQ poisoning
patients in all age ranges; (3) some patients were treated
with HD (Group 1), and others were not (Group 2); (4) other
treatment modalities such as immunosuppressants and
antioxidants were similar in both groups; (5) the outcome
had been reported as death or survival; and (6) the full text
of the articles was available. In the case of articles whose full
text was not available, the necessary data could be obtained
from the summary of the article we included. Otherwise, we
e-mailed the corresponding author to access the full text.
If we did not receive a response, that article was excluded.
To find gray sources, we performed a particular search in
related databases such as clinical trial records (e.g., http://
www.irct.ir/, http://www trialscentral.com/, https://www.
proquest.com/, and http://www.gateway.com/worldwide/).
The exclusion criteria were as follows: (1) all animal studies,
case reports, and narrative review articles, and (2) route of
exposure was through the skin, eye, or inhalation.

Data extraction

Two researchers independently extracted information from
each article and recorded them in an excel table. These data
included bibliographic details (name of the first author, year
of publication, country, type of study), participant’s number
in each group, characteristics (gender, age), PQ-ingested
dose, co-ingestion of PQ with other substances, performing
sodium dithionite test, urine or blood PQ level, time
from ingestion of PQ to admission in the hospital, time to
performing HD, duration and number of HD times, other
treatment modalities, presence or absence of underlying
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disease, mortality/survival, and study ethical approval/or
trial registration. The observed differences were evaluated
by the third researcher in a consensus meeting.

Quality assessment

We evaluated the quality of the included studies using the
Joanna Bridges Institute (JBI) for Integrated Information
Management, Evaluation, and Review system.[*4
Any approved article is eligible for design as an expert
consensus. The first quality assessment tool used was the JBI
checklist for cross-sectional analytical studies. This checklist
was applied to the four cross-sectional studies in this study.
The checklist included eight items that enable the critical
evaluation of studies for possible biases. The second JBI
tool used was the cross-sectional checklist for two specific
studies in our review and two cross-sectional studies with
a series of four and six patients. This checklist includes
ten items for evaluating these studies’ quality assessment
in the following aspects: erosion selection, performance,
diagnosis, and bias, as well as pilot designs. In addition,
the randomized trial JBI checklist assessed the following
items for one RCT in our review; selection, performance,
detection, attrition bias, and trial designs. The four answers
indicate the degree to which the article meets the criteria;
yes, no, unclear, and not applicable. Finally, these studies
were scored based on Yes cases.*”] Two researchers scored
articles by relevant checklist independently. Finally, we
resolved the disagreement on the assessment through
discussion sessions until we reached a consensus.

Statistical analysis

We pooled the relative association measures of outcome
from included studies. We analyzed the data using the
fixed-effects model if there was homogeneity and the random
fixed-effect model if there was heterogeneity described by
DerSimonian and Laird."¥! Heterogeneity in results across
studies was determined using the I statistic, which assesses
the proportion of variation in results across studies. An I* of
50% or more indicates a considerable inconsistency between
studies. Meta-analysis was completed using Comprehensive
Meta-analysis version 2.2 (Biostat Inc., Englewood, NJ,
USA). Publication bias was estimated using Egger’s
regression test. In this regression, the treatment effect size
and bias are captured by the slope of the regression line and
the intercept, respectively.*” The odds ratio (OR) and 95%
confidence interval (CI) were estimated and included in a
forest plot. The significance level that defined the existence
of study heterogeneity was set as <0.05.

Dealing with unclearly presented data
We sent an e-mail to the corresponding/first authors of
articles regarding unclear information.[**’!

RESULTS

Figure 1 shows study selection (PRISMA flowchart). We
could not find any studies that conclusively compared the
outcome (survival/mortality) of patients treated with HD
compared with those not treated with HD considering
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Figure 1: A flowchart of literature searches in this meta-analysis
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inclusion criteria. However, among all the studies, we found
six studies, with some patients being treated with HD and
others not receiving HD. Then, we extracted mortality and
survival rates from these articles and considered them for
systematic review.

Studies’ characteristics

We found one randomized trial study,?* three cross-sectional
studies,***! and two cross-sectional studies consisting of
four and six patients.'%*¥) Tables 1 and 2 summarize all
studies’ characteristics. Following are some of the results
of individual studies.

Study # 1

52 adults were assigned to one of the four groups based on
the risk of mortality (high, borderline, low, or unknown)
in the study of Proudfoot et al.”! PQ intoxication had
been confirmed by measuring plasma PQ concentration
or urine quality test. Their results showed that dialysis
could not reduce the final concentration of PQ; however,
the mortality of patients in the high-risk and borderline
group who receive HD was lower than that of patients
who do not receive HD. Furthermore, patients with low
or marginal toxicity, who had undergone HD, might
recover. We included 35 patients in this study in the
meta-analysis and excluded 17 patients (one patient was
treated with peritoneal dialysis, and 16 patients were
treated with both peritoneal and HD). Twenty-three took
formulations containing 20% PQ (13 cases in high-risk,
5 cases in borderline, and four instances in low-risk
groups, and one patient was uncertain of the amount
of ingestion). Twenty-eight patients drank solutions of
Weedol (2.5% w/w PQ) (3 patients in high, one patient in
borderline, and 24 patients in low-risk groups). One of the
remaining two ingested a solution containing 8.8% (w/v)
PQ (low), and the concentration in the other was never
discovered.

Study # 2

PavanP reported six cases of PQ poisoning. Mortality was
66% (80% in the HD group). Acute kidney damage occurred
in all cases. Respiratory and multiple organ failure were
the leading causes of death. They concluded that dialysis
could not remove PQ, and HD is supportive care for kidney
failure. Of the six patients, one patient was hospitalized 5 h
after accidentally swallowing a few drops of PQ and did
not receive HD. He survived without HD. The other five
patients who arrived at the hospital between 1 and 5 days
late received HD due to acute kidney damage. One patient
who ingested a mouthful of PQ in the HD group survived
with a relative improvement in kidney function. The amount
of PQ consumed in other patients was up to 100 ml. In this
study, patients were categorized based on the PQ ingestion
amount; less than 20 ml as mild, 20-100 ml as moderate,
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and more than 100 ml as severe. Three patients had severe
poisoning.

Study # 3

A cross-sectional study performed by Delirrad et al.
on 41 patients suggested that HD had no significant
association with clinical outcomes.®! In-hospital mortality
in their center was 46.4%. HD was performed in 92.7% of
their patients. The amount of PQ ingestion significantly
affected mortality (149.3 +225.4 ml in 36 cases), and it was
higher in the patients who received HD. HD started in
the 6.73 + 12.7 h after hospital admission with an average
frequency of 1.46 + 0.84 times. They found no relationship
between HD, its frequency, starting time, and outcome of
the patients.

Study # 4

Another cross-sectional study by Kavousi-Gharbi ef al. on
104 PQ-poisoned patients recommended HD, which was
immediately performed on these patients.[! Eighty-eight
patients received HD (two patients were discharged after
HD with their consent without follow-up, 44 patients
survived, and 42 patients died). Sixteen patients did not
receive HD (two patients were discharged with their own
consent, 11 patients survived, and three died early before
performing HD). Therefore, we excluded four patients from
the meta-analysis (those discharged with their own consent).
There was a significant difference between outcome and
performing HD. The amount of ingested PQ in patients
was 34.61 + 55.36 ml. Seventy-six patients had vomited
before admission, which may reduce the toxicity. Time to
admission was not available. Three cases had died due to the
severity of poisoning during the early hours of admission
before performing HD; nonetheless, initiating HD was
delayed in all cases, at least for 6 h, mainly due to the delay
in receiving the results of viral marker status. Moreover, 54%
of the patients received HD again due to the increased renal
biomarkers. Based on receiver operating characteristic curve
analysis, they suggested that consuming more than 22.5 ml
of 20% PQ can lead to a poor prognosis in the patients.

Study # 5

Cook et al." presented serial lung function studies in six
cases of PQ intoxication. Two patients were excluded from
the meta-analysis because they were treated with both
peritoneal and HD methods. Two patients got HD and died.
The other two patients did not undergo HD; one was treated
with forced diuresis and eventually underwent a lung
transplant. He was 15 years old when he ingested a 20% PQ
and died 19 days later. Another patient was admitted with
hypoxia and was treated with adjuvant ventilation because
of the lack of a suitable donor for lung transplantation. He
presented to the hospital 4 days after swallowing and died
26 days later. The result of this study was not shown in
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the meta-analysis because the final result (mortality) of the
meta-analysis was the same for both groups.

Study # 6

In the study of Ponce ef al.,® 17 patients with PQ
poisoning were assigned prospectively in two modalities:
HD (7 patients) and plasmapheresis (10 patients).
Both groups also received standard pulse therapy and
methylprednisolone for 3 days. Total mortality was
64% (71% in the HD group and 54% in the plasmapheresis
group). Plasmapheresis showed promising results in this
study. This study was included in the systematic review;
however, we exclude it from the meta-analysis, as one group
received plasmapheresis.

The results regarding the quality of studies are presented
in Supplementary Tables 2-4.

First meta-analysis result

The first meta-analysis includes five studies with a total of
203 patients. We did not show the study of Cook et al. in the
meta-analysis figure because mortality and survival were
the same.!”! The results showed no evidence of publication
bias (I> = 0%, P value for heterogeneity = 0.386; Q = 1.146,
1 =0.00, and P value for Egger’s test = 0.833). The patients
in the Group 1 had a higher risk of mortality than patients
in Group 2 (OR, 2.84; 95% CI: 1.22-6.64; P =0.02) [Figure 2].
The tau and Q values are added to the figures. Because the
heterogeneity was between studies according to the study
design, the random effect models were used for combining
the results. Calculating the = 0.00 in both meta-analyses,
the prediction interval was the same as the Cls.

Second meta-analysis result

In the second meta-analysis, we included the data regarding
those studies that HD performed for PQ elimination
before acute kidney injury (AKI). Those studies that
patients admitted late and HD was performed for AKI
were excluded. Figure 3 presents the results of the second
analysis, including three studies. The patients in the
Group 1 had a higher risk of mortality than patients in
Group 2 (I*=2%, P value for heterogeneity = 0.587; Q=1.067,
72=0.00, and P value for Egger’s test = 0.698).

The quality assessment checklist of these studies showed that
all of these studies had a good-quality score (more than 7).

Potential biases

Publication bias is an issue in every systematic review. We
conducted this review based on the predefined inclusion
criteria and methodology to select and appraise eligible
studies. The search for studies was extensive and was
conducted on English and Persian databases. Although
there were only six studies included in this systematic
review, we believe that due to the extent of the search
considering inclusion and exclusion criteria, these were
the only studies addressing this research question at the
time of the search.

DISCUSSION

Overall applicability of evidence

We could not find RCT or case—control studies that
definitively established the role of HD in PQ poisoning
outcomes (mortality/survival). Our results were according
to data extracted from the cross-sectional and case series

Study name Statistics for each study Odds ratio and 95% O

Odds Lower Upper

ratio  limit limit ZValue p-Value
Proudfoot AT, 1987 1511 0323 7071 0524 0600 =
Ponce P., 1986 2500 0320 19529 0874 0382 L
Delimad M, 2015 7000 0339 144727 1259 0208
Kavous-Gharbi S., 2017 3500 0912 13431 1826 0068 ' 3
Paven M., 2013 9000 0223 362480 1165 024

2847 1219 6644 2419 0016 ’-

01 02 05 1 2 5 10

Figure 2: Random effects meta-analysis (death events) ( = 0%, P value for heterogeneity was 0.386; Q = 1.146, 2 = 0.00; P value for Egger’s test = 0.833)

Study name Statistics for each study
Odds Lower Upper
ratio limit limit Z-Value p-Value
Proudfoot AT., 1987 1.511 0.323 7.071 0.524 0.600
Delirrad M., 2015 7.000 0339 144.727 1.259 0.208
Kavousi-Gharbi S., 2017  3.500 0912  13.431 1.826 0.068
2.709 1.036 7.085 2032 0.042

Odds ratio and 95% CI

=

0.1 0.2 0.5 1 2 5 10

Favours A Favours B

Figure 3: Random effects meta-analysis (death events) (? = 2%, P value for heterogeneity = 0.587; Q = 1.067, 12 = 0.00, P value for Egger’s test = 0.698)
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studies. Indeed, the qualities of clinical trial studies
are not the same as observational studies. Therefore,
their comparison may not be very accurate. However,
performing an RCT study with allocation concealment
has ethical concerns. Therefore, this review finding
should be interpreted with caution until data from RCT or
case—control studies become available.

Implications for practice

Based on the findings, HD did not reduce the mortality in
PQ poisoning cases. However, it should be mentioned that
other variables, such as the amount of PQ ingested, vomiting
after ingestion, time of ingestion to hospital admission,
performing early gastric lavage or administration of
activated charcoal, the severity of PQ intoxication based
on serum concentration, the interval of time to the start
of HD, and duration of HD sessions, are crucial in the
outcome (survival/mortality) and should be considered for
the decision to perform HD.

The time interval between PQ ingestion and the start of
HD is an important issue. Previous studies demonstrated
that the initial hours after PQ ingestion was considered
the optimal period to use extracorporeal elimination
techniques such as HD.I'?% Five patients in the study of
Pavan®! presented to the hospital within 1-5 days after
PQ ingestion and underwent HD because of AKI. HD was
performed at least 6 h after admission in Kavousi-Gharbi’s
study.”! Moreover, the time to HD was 6.73 h in Delirrad
et al’s study.® This lag of time to HD may cause HD
efficacy to decrease. PQ can reach a plasma concentration
peak in 1 h due to rapid absorption®" and accumulate in
targeted tissues.

Moreover, there is a chance of re-distribution from tissues
to plasma. PQ distribution half-life is around 5 h in humans,
and about 6 h after its consumption, it reaches the maximum
tissue concentration in the lungs.® Clinical features of PQ
poisoning and many organs’ cellular damage are primarily
due to intracellular effects of PQ, such as generating reactive
oxygen species, lipid peroxidation, activation of NF-kB,
mitochondrial damage, and apoptosis.”® Therefore, late
admission to the hospital and delay in performing HD
might have the reason for a worse outcome.

The amount of PQ ingested is another critical factor. In
Delirrad et al.’s study,®! the amount of PQ ingested in patients
treated with HD was higher than those not receiving HD.
Furthermore, the dose of PQ ingested in the nonsurvivors
was higher significantly from the survivor (290 + 266 vs.
23.4 + 22.3). Furthermore, Kavousi-Gharbi ef al." reported
that the amount of ingested PQ was higher in the patients
who died than those who survived. 91.1% of the patients
who had consumed more than 20 ml of PQ died. They

| 2022 |

suggested that consuming more than 22.5 ml of 20% PQ
can lead to a poor prognosis in patients with PQ poisoning.
This is in accordance with other studies.”>* Buckley®™! and
Afzali and Gholyaf® also showed that consuming around
10-20 cc PQ could lead to fatal complications.

Only in one study, the PQ intoxication severity and PQ
serum concentration based on nomogram and severity
index of PQ poisoning were considered in the selection of
patients for performing HD.®% In the other studies, organ
involvement might determine the severity of poisoning.
The presence of esophageal and stomach ulceration within
24 h after ingestion of PQ shows severe toxicity.*®! In
Delirrad et al.’s study,® five patients have undergone
endoscopy, and all had high degrees of ulcerative lesions
along the upper gastrointestinal tract. These patients died.
In Kavousi-Gharbi’s study,¥ pulmonary fibrosis was
observed in more than 55% of the patients who died. 14.8%
of the patients who survived in the hospital had found
lung fibrosis. However, the data regarding the follow-up
of the other patients have not been reported to determine
possible lung fibrosis and death. In Delirrad et al.’s study,*!
16 patients from 19 dead patients had respiratory failure.
In Pavan’s study,®! two patients survived. One patient
ingested a half spoonful of PQ as suicide and the time of
ingestion to admission was 1 day. He received HD and
progressed to respiratory, renal, and hepatic involvement.
He survived, and his kidney function stabilized at serum
creatinine of 2 mg/dL. The other case accidentally ingested
a few drops of PQ and was admitted to the hospital 5 h
after ingestion. He did not receive HD and survived. He
also developed respiratory and hepatic involvement.
His kidney functions gradually improved to normal. He
received a hypoxic breathing mixture as a therapeutic
modality. Furthermore, in this study, the follow-up of the
survived patients for evaluating lung fibrosis or death has
not been reported.

Limitations of the study

1. The results regarding the follow-up of the survived
patients for pulmonary fibrosis and death had not been
reported in the studies included in our meta-analysis. It
has been shown that pulmonary fibrosis occurs within
14 days®

2. We could not analyze data based on the time from
admission to start HD and the number of HD sessions
as the data were unavailable in some evaluated studies.
Patients who presented later than 4 h may not benefit
from HD.

3. Although the main reason for early HD is the excretion
of PQ from the body, this objective was not obvious in
all studies

4. The problem is an objective method of assessing risk
in PQ poisoning is the measurement of the plasma
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Supplementary Table 1: Specify the exact keywords searched in each database

Database Title search Subject search

WOS TITLE: ((haemodialysis OR dialysis or “Renal Dialysis” OR TOPIC: ((haemodialysis OR dialysis or “Renal Dialysis”
hemodialysis) AND (paraquat OR gramoxone) AND (poisoning OR hemodialysis) AND (paraquat OR gramoxone) AND
OR intoxication OR overdose OR toxicity) AND (survival OR (poisoning OR intoxication OR overdose OR toxicity)
death OR mortality OR fatality)) AND (survival OR death OR mortality OR fatality))

Scopus TITLE ((haemodialysis OR dialysis OR “Renal Dialysis” OR KEY ((haemodialysis OR dialysis OR “Renal Dialysis” OR
hemodialysis) AND (paraquat OR gramoxone) AND (poisoning hemodialysis) AND (paraquat OR gramoxone) AND (poisoning
OR intoxication OR overdose OR toxicity) AND (survival OR OR intoxication OR overdose OR toxicity) AND (survival OR
death OR mortality OR fatality)) death OR mortality OR fatality))

Proquest Ti ((haemodialysis OR dialysis OR “Renal Dialysis” OR Su ((haemodialysis OR dialysis OR “Renal Dialysis” OR
hemodialysis) AND (paraquat OR gramoxone) AND (poisoning hemodialysis) AND (paraquat OR gramoxone) AND (poisoning
OR intoxication OR overdose OR toxicity) AND (survival OR OR intoxication OR overdose OR toxicity) AND (survival OR
death OR mortality OR fatality))) death OR mortality OR fatality))

Science Title: ((haemodialysis OR dialysis OR “Renal Dialysis” OR Title, abstract, keyords: ((haemodialysis OR dialysis OR

direct hemodialysis) AND (paraquat OR gramoxone) AND (poisoning
OR intoxication OR overdose OR toxicity) AND (survival OR

death OR mortality OR fatality))
Springer

death OR mortality OR fatality))

PubMed (haemodialysis[Title] OR dialysis[Title] OR “Renal

Dialysis”[Title] OR hemodialysis[Title]) AND (paraquat[Title] OR
gramoxone(Title]) AND (poisoning[Title] OR intoxication[Title]
OR overdose[Title] OR toxicity[Title]) AND (survival[Title] OR

death[Title] OR mortality[Title] OR fatality[Title])

Embase Title: ((haemodialysis OR dialysis OR “Renal Dialysis” OR
hemodialysis) AND (paraquat OR gramoxone) AND (poisoning
OR intoxication OR overdose OR toxicity) AND (survival OR

death OR mortality OR fatality))
Cochrane

death OR mortality OR fatality) in Record Title

Title: ((haemodialysis OR dialysis OR “Renal Dialysis” OR
hemodialysis) AND (paraquat OR gramoxone) AND (poisoning
OR intoxication OR overdose OR toxicity) AND (survival OR

(haemodialysis OR dialysis OR “Renal Dialysis” OR
library hemodialysis) AND (paraquat OR gramoxone) AND (poisoning
OR intoxication OR overdose OR toxicity) AND (survival OR

“Renal Dialysis” OR hemodialysis) AND (paraquat OR
gramoxone) AND (poisoning OR intoxication OR overdose OR
toxicity) AND (survival OR death OR mortality OR fatality))
With all of the words: ((haemodialysis OR dialysis OR “Renal
Dialysis” OR hemodialysis) AND (paraquat OR gramoxone)
AND (poisoning OR intoxication OR overdose OR toxicity)
AND (survival OR death OR mortality OR fatality))

(haemodialysis OR dialysis or “Renal Dialysis” OR
hemodialysis) AND (paraquat OR gramoxone) AND (poisoning
OR intoxication OR overdose OR toxicity) AND (survival OR
death OR mortality OR fatality) [MeSH terms]

EMTree: ((haemodialysis OR dialysis OR “Renal Dialysis”
OR hemodialysis) AND (paraquat OR gramoxone) AND
(poisoning OR intoxication OR overdose OR toxicity)

AND (survival OR death OR mortality OR fatality))
(haemodialysis OR dialysis OR “Renal Dialysis” OR
hemodialysis) AND (paraquat OR gramoxone) AND (poisoning
OR intoxication OR overdose OR toxicity) AND (survival OR
death OR mortality OR fatality) in keyword

Supplementary Table 2: Quality assessment of
cross-sectional studies based on the Joanna Briggs
Institute critical appraisal checklist

Studies Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Score

Proudfoot A.T. Yes Yes Yes Yes No No Yes Yes
Delirrad M.2% Yes Yes No Yes No No Yes Yes
Kavousi-Gharbi S.# Yes Yes Yes Yes No No Yes Yes

6/8
5/8
6/8

Q1. Were the criteria for inclusion in the sample clearly defined?; Q2. Were the study
subjects and the setting described in detail?; Q3. Was the exposure measured in a
valid and reliable way?; Q4. Were objective, standard criteria used for measurement
of the condition?; Q5. Were confounding factors identified?; Q6. Were strategies to
deal with confounding factors stated?; Q7. Were the outcomes measured in a valid

and reliable way?; Q8. Was appropriate statistical analysis used?



Supplementary Table 3: Quality assessment of randomized trial studies based on the Joanna Briggs Institute critical
appraisal checklist

Studies Q1 Q2 Q3 Q4 Q5 Q6 Q7 Qs Q9 Q10 Q11 Q12 Q13 Score

Ponce P.14 Yes Yes Yes No No No Yes Yes Yes Yes Yes Yes Yes 10/13

Q1. Was true randomization used for assignment of participants to treatment groups?; Q2. Was allocation to treatment groups concealed?; Q3. Were treatment groups similar
at the baseline?; Q4. Were participants blind to treatment assignment?; Q5. Were those delivering treatment blind to treatment assignment?; Q6. Were outcomes assessors
blind to treatment assignment?; Q7. Were treatment groups treated identically other than the intervention of interest?; Q8. Was follow up complete and if not, were differences
between groups in terms of their follow up adequately described and analyzed?; Q9. Were participants analyzed in the groups to which they were randomized?; Q10. Were
outcomes measured in the same way for treatment groups?; Q11. Were outcomes measured in a reliable way?; Q12. Was appropriate statistical analysis used?; Q13. Was the
trial design appropriate, and any deviations from the standard RCT design (individual randomization, parallel groups) accounted for in the conduct and analysis of the trial?.
RCT=Randomized clinical trial

Supplementary Table 4: Quality assessment of case
series studies based on the Joanna Briggs Institute
critical appraisal checklist

Studies Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Score
Paven M.®® Yes Yes Yes No Yes No Yes Yes No Yes 7/10

Cook NJ. Yes Yes Yes No Yes No Yes Yes No Yes 7/10

Q1. Were there clear criteria for inclusion in the case series?; Q2. Was the condition
measured in a standard, reliable way for all participants included in the case series?;
Q3. Were valid methods used for identification of the condition for all participants
included in the case series?; Q4. Did the case series have consecutive inclusion

of participants?; Q5. Did the case series have complete inclusion of participants?;
Q6. Was there clear reporting of the demographics of the participants in the study?;
Q7. Was there clear reporting of clinical information of the participants?; Q8. Were
the outcomes or follow up results of cases clearly reported?; Q9. Was there clear
reporting of the presenting site (s)/clinic (s) demographic information?; Q10. Was
statistical analysis appropriate?




