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Efecto del tratamiento combinado con esteroides y ciclofosfamida
sobre la mortalidad en intoxicación por paraquat. Meta análisis
Efficacy of combined treatment with cyclophosphamide and glucocorticoids in paraquat
poisoning mortality. A meta-analysis
Luz Ángela Angarita Fuentes1,2, Gloria Lucía Lema Zuluaga1,3, María Victoria Restrepo Ceballos1,4, Claudia Lucía Arroyave
Hoyos1,5

RESUMEN
Objetivo: realizar una revisión sistemática sobre la eficacia del uso combinado de ciclofosfamida más esteroides intravenosos
contrastado con el hecho de no recibir esta combinación en adultos con intoxicación moderada a grave por paraquat, en
disminuir la mortalidad a 30 días, en ensayos clínicos controlados al azar o cuasi al azar.
Metodología: búsqueda en bases de datos electrónicas, resúmenes de conferencias científicas, referencias de artículos
relevantes y contacto con expertos de ensayos clínicos controlados con asignación al azar o cuasi azar de adultos intoxicados
con paraquat, comparados con tratamiento convencional. Se utilizó doble entrada de datos con ReviewManager®5.
Resultados: hubo 3 ensayos clínicos (n=93) con aceptable calidad metodológica. La mortalidad del grupo de intervención fue
25% (12/47) vs. el grupo control 67% (31/46), RR 0,35 (IC95%: 0,21-0,61). La Q de Cochran (p= 0,93) y el I²: 0% sugirieron
homogeneidad. Se aplicó el modelo de efectos fijos y se hizo análisis de sensibilidad a través del uso del método de efectos
aleatorios con resultados semejantes al de efectos fijos, lo que supone robustez del resultado. Los efectos adversos fueron
leucopenia (37%), acné, alopecia e hiperglucemia. El pequeño número de estudios no permitió alcanzar suficiente poder para
detectar sesgo de publicación.
Conclusiones: los resultados sugieren que la terapia inmunosupresora con ciclofosfamida y esteroides es eficaz para
disminuir el riesgo de mortalidad en individuos con intoxicación moderada a severa por paraquat, razón por la cual debería
recomendarse su uso.
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ABSTRACT
Objective: systematic review to update evidence about whether the combined use of cyclophosphamide and intravenous
glucocorticoids in adults with moderate to severe paraquat poisoning compared to conventional treatment, decreases the 30day mortality rate in randomized and quasi-randomized controlled trials.
Methods: search in electronic databases, abstracts from scientific conferences, references in relevant articles and contact
with experts. Randomized and quasi-randomized controlled trials on adult paraquat poisoning were included comparing this
regimen with conventional treatment. Full text reviewed if they met inclusion criteria. Duplicate trials excluded. Two separate
authors extracted data and double tool entrance data from ReviewManager® 5 was used.
Results: three randomized controlled trials identified (n=93) with acceptable methodology for meta-analysis. Intervention
group mortality was 25% (12/47) vs. 67% (31/46) for control group and risk-ratio 0.35 (IC95%: 0.21-0.61). Cochran´s Q test
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p= 0.93 and I2 0% suggesting homogeneity. According to this, a fixed effects model was used. Sensitivity analysis performed
with random-effect yielding similar results to fixed effects model suggesting robust results. Therapy adverse events were
leukopenia with no infections (37%), acne, hair loss and hyperglycemia. Small number of studies, so the power to detect
publication bias was not reached.
Conclusions: results suggest immunosuppressive therapy is effective in decreasing mortality risk in adults with moderate to
severe paraquat poisoning. Use of this therapy regimen is recommended.
Keywords: paraquat; cyclophosphamide; methylprednisolone; dexamethasone; glucocorticoids

BACKGROUND
Paraquat (PQ) is an herbicidal agent, whose
oral ingestion produces high morbidity and
mortality. Prognosis in suicidal ingestion depends
on the swallowed concentrated product, ingested
quantity and length of time before consultation.
Global mortality has been reported to be between
54% in the United States to 71-80% in Asiatic
countries1,2. In Colombia, there are no statistics
on this medical condition but its high mortality
is well known.
PQ promotes release of reactive oxygen
species, which are responsible for the effects on
cell membranes, enzymes and other structures3-5.
It causes severe inflammation and consequently,
gastrointestinal symptoms, hepatitis, acute renal
failure and lung fibrosis.
According to doses and clinical manifestations,
there are three stages in the classification of
PQ poisoning severity: a) mild poisoning, b)
moderate to severe poisoning and c) fulminant.
Mild poisoning can cause gastrointestinal
upset. Mortality rate is 0%; moderate to severe
poisoning may result in gastrointestinal symptoms
followed by multiple organ failure with acute renal
failure and hepatitis at the end of the first week.
Between the second and third weeks, alveolar
and interstitial edema take place, leading to
pulmonary fibrosis, acute respiratory distress,
and death in about 30-60% of cases6. Fulminant
poisoning has similar symptoms to moderate or
severe poisoning, but its evolution is faster and
death can occur in 24 to 48 hours in 100% of
cases6. In a urine sample, this toxic is detected
through the chemical reaction with sodium
dithionite. This test is positive when blue color is
produced. Light blue indicates mild poisoning and
dark blue is for moderate to severe poisoning.
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Treatment is focused in reduction of
gastrointestinal absorption, increasing diuresis
and immunosuppressive therapies to minimize
or prevent lesions due to secondary reactive
oxygen species release. There have been
some efficacy trials evaluating therapies such
as: hemoperfusion7, hemodialysis, controlled
hypoxia, superoxide dismutase, vitamins C and
E, N-acetylcysteine, desferroxamine, clofibrate,
gluthation, methallothioneine, xantin-oxidase
inhibitors, selene, niacin, riboflavin, fatty acids,
angiotensin, propanolol, putrescin, cadaverin,
spermidin, chlorpromazine, anti-PQ anti-bodies8,
ambroxol, surfactant, nitrous oxide, steroids,
radiotherapy9, among others. Unfortunately, most
recommended interventions have been based on
low-level evidence trials and no certainty exists
whether its use has improved survival. Some
trials suggest cyclophosphamide treatment plus
glucocorticoids could improve survival especially
in severe poisoning10-13, whereas there are other
controversial trials about this subject14,15. Therapy
effects with cyclophosphamide and glucocorticoids
are supported on its immunosuppressive capacity
limiting toxic and inflammatory response.
Immunosuppressive treatment proposed for PQ
poisoning has been used in patients with lung
involvement in systemyc lupus erythematosus
or Wegener´s granulomatosis, in which fewer
adverse events have been shown16.
Since thousands of patients around the
world die every year as a consequence of PQ
poisoning, and reported therapies have not yet
shown consistent results, apart from having a
high risk for complications, a systematic literature
review proves necessary to assess the role of
combined treatment with cyclophosphamide
and glucocorticoids for these patients in order to
establish its efficacy in mortality reduction and
so, recommend its use.
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The main objective of this study was to evaluate
if combined treatment of cyclophosphamide
plus intravenous glucocorticoids compared to
no treatment with this regimen in adults with
moderate to severe PQ poisoning decreases the
30-day mortality rate, in randomized or quasirandomized controlled trials.
METHODS
Inclusion criteria
Both randomized or quasi-randomized
controlled trials (those using an ID number,
date of birth, input date and others as a method
for treatment allocation) for PQ poisoning in
adults were included, where combined use
of cyclophosphamide and IV glucocorticoids
was compared with conventional treatment to
evaluate mortality. Conventional treatment is
regarded as the use of any method of minimizing
gastrointestinal absorption or the increase in
elimination of the PQ that has already been
absorbed or any antidote therapy.
Search strategy

Studies selection
Two authors (LG and AL) separately reviewed
the titles and abstracts of primary studies
obtained from the electronic search. Articles
meeting all inclusion criteria were completely
reviewed. Any discordance was settled by
consensus with a third author (AC). Reasons
were reported for those articles not meeting
inclusion criteria. Duplicate studies were
excluded. Two authors (AC and RM) separately
extracted data and ReviewManager® double
entrance tool was used.
Moderate to severe PQ poisoning was
defined as at least one dithionite sodium
test with a dark blue result in a urine sample
after 24 hours of PQ ingestion and no death
in the first 48 hours. Mortality was defined
by 30 days. Immunosuppressive treatment
included any of two of following therapies: a)
Cyclophosphamide 15 mg/kg/day for two days
and dexamethasone 24 mg/day for fourteen
days, or b) Cyclophosphamide 15 mg/kg/day
for two days and methylprednisolone 1 g/day for
two or three days.

Th e e l e c t ro n i c d a t a b a s e s ME D L I N E ,
Cochrane Central Register of Controlled Trial
-CENTRAL, EMBASE, LILACS and SCIELO
were searched. This search included MeSH
terms and free text as follows: Paraquat OR
Paraquat poisoning) AND (Cyclophosphamide
OR Methylprednisolone OR Dexamethasone
OR Hydrocortisone OR Prednisone) AND (RCT
OR Randomized Controlled Trial OR QuasiRandomized Controlled Trial). There was no
limitation for language, publication state or
year of publication. The only limit used was age
(“adults”).

The bias risk in the studies was assessed by
two separate reviewers (LG and AL) according to
sequence generation and allocation concealment,
blinding, drop-outs and intention- to-treat
analysis. Each item was classified as “YES” or
“NO” if it was explicit and as “UNCLEAR” if it was
not clearly expressed.

Furthermore, references from all selected
articles and articles obtained by electronic
search about PQ poisoning were reviewed
in order to identify other relevant articles.
We consulted abstracts from congresses of
Toxicology from 1993 to 2009 from the American
Academy of Clinical Toxicology (AACT) and
European Association of Clinical Toxicologists
(EAPCCT).

Statistical Analysis
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Drop-outs were classified as properly handled
if more than 90% of participants allocated
were analyzed and as unclear if they were not
reported or improperly handled if less than 90%
of participants allocated were analyzed.

The relative risk (RR) and the 95%
confidence interval (CI) were used for reporting
cyclophosphamide plus glucocorticoids effects on
PQ poisoning mortality in adults. Number needed
to treat (NNT) with 95% CI, was calculated as
the inverse of the absolute risk.
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Results were transferred into a statistical
graphic with forest plot for RR and its 95%
CI. A Cochran’s Q test with p value < 0.1 was
significant for heterogeneity and I2 less or equal
to 25% was significant for homogeneity. All
data were analyzed on Rev Man 5 Software
(Review Manager version 5.0 Copenhagen,
Denmark: Nordic Cochrane Centre, Cochrane
Collaboration; 2008).
Publication bias was assessed by funnel
plot. Potential heterogeneity sources were prespecified such as sex and short (metylprednisone
1g/day for 2 or 3 days) and long courses
(dexamethasone 24 mg/day for 14 days) of
glucocorticoids. These subgroup analyses were
planned a priori. Sensitivity analyses were prespecified by treatment assignment (randomized
and quasi-randomized allocation) and for the
biggest and smallest magnitude of effect.

Intervention Group
All included patients, received the same
treatment as the control group and additionally
received cyclophosphamide 15 mg/Kg/day for 2
days and methylprednisolone 1g/day for 3 days.
One of the included studies12, considered the
therapy mentioned above plus dexamethasone
(5mg IV every 6 hours) until Pa02 ≥80 mmHg;
if Pa02 <60 mmHg methylprednisolone was
repeated for 3 days and Cyclophosphamide
for 1 day if leucocytes were > 3 000 two weeks
after the first dosis (Table 1). Another study13
used Mesna to decrease the adverse event risk
associated to cyclophosphamide use.
Outcomes
One published article12 evaluated the 6 week
mortality rate in moderate to severe paraquat
poisoning; others11,13 evaluated it during 2-3
weeks.

RESULTS
Selection of studies
The search strategy yielded 34 trials.
Of these, 3 were excluded because of
duplicity in different databases (Figure
1). Common reasons for excluding
other articles (28 in total) were different
methodological designs or different
interventions (Appendix 1). Finally, 3
randomized clinical trials for qualitative
and quantitative analysis were included.
All of them, evaluated efficacy for
combined cyclophosphamide and
glucocorticoids treatment for moderate
to severe PQ poisoning (Table 1).
Control Group
Control group, included trials using
conventional treatment such as gastric
lavage, activated charcoal (unique
or repeated doses), cathartics and
increasing elimination by forcing diuresis,
hemodialysis or hemoperfusion. In two
trials, dexamethasone was used11,12.
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Table 1. Characteristics of Included Studies

Source

Population

n

Lin JL et
al.,199911

50
Patients with
moderate to
severe paraquat
poisoning
(measured by
strongly positive
urine dithionite
test and mortality
after a week)

Lin JL et al.,
200612

23
Patients with
moderate to
severe paraquat
poisoning
(defined for
risk of die
between 5090% measured
by serum
concentrations,
according to Hart
et al.9).

20
Afzali S et al., Patients with
200813
moderate to
severe paraquat
poisoning(
(measured on the
urine samples by
sodium dithionite
reaction test
strong positive
and clinical
manifestations)

Conventional
Treatment
(control)
Gastric Lavage
Activated charcoal
Magnesium Citrate
Hemoperfusión
Dexamethasone 10
mg every 8 hours
for 14 days.

Interventions

Outcome

Conventional
treatment
CP: 15mg/kg/día for 2
days
+ MP 1 g/day
for 3 days.

Mortality
at 2 weeks
from first
week after
poisoning
until
research
was finished

Gastric Lavage
Activated charcoal
Magnesium Citrate
Hemoperfusion
Dexamethasone
5 mg intravenous
injection every 6
hours until Pa02
≥80mmHg or
patient´s death.

Mortality
Conventional
at least 6
treatment
CP (15mg/kg/day for 2 weeks
days) + MP (1 g/
day for 3 days). After
DX (5mg IV every
6 hours) until Pa02
≥80mmHg.
MP was repeated
for 3 days If
Pa02<60mmHg. CP
for 1 day if leucocytes
>3000 and more than
2 weeks for first dose.

Gastric Lavage
Repeated
Charcoal-sorbitol
doses
Forced alkalinized
diuresis
Hemodialysis

Conventional
Mortality
treatment
during
CP (15 mg/kg/día
research
por dos días) + MP
(1 g/día por 3 días) +
mesna 15mg/kg por 4
días.

CP: Cyclophosphamide MP: Methylprednisolone DX: Dexamethasone

Risk of bias in Included Studies
The methodological quality is shown in Table
2. Although authors from three included trials
mentioned randomized allocation, one clearly
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explained how the sequence generations were
obtained and only one described allocation
concealment. Only one trial specified there was
no blinding and it was judged that the outcome
measurement is not likely to be influenced by lack
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Table 2. Risk of bias in included studies

Author

Year

Sequence
Allocation
Generation Concealment

Blinding

Drop-outs

Intention-totreat analysis

Lin JL

1999

Unclear

Unclear

Unclear (there was
blinding outcome
assessors)

Yes
(properly
handled)

Yes

Lin JL

2006

Unclear

Yes
(envelopes)

No

Yes
(properly
handled)

Yes

Afzali S

2008

Unclear

Unclear

Unclear

Yes
(properly
handled)

Yes

of blinding. Blinding outcome could modify cointerventions but in this case it was not a critical
factor due to high PQ poisoning mortality and
reduced efficacy for conventional therapies. All
trials had a proper follow up. In spite of the fact
that intention-to-treat analysis was not specified,
all patients were analyzed in the group in which
they were assigned. In general, risk for bias
in included studies was related to sequence
generation.

Intervention Effects
A total of 93 participants with moderate to severe
PQ poisoning were included from three studies.
Mortality for intervention group was 25% (12/47)
and 67% (31/46) for control group with a RR= 0.35
(95% CI: 0.21-0.61; p= 0.93; I2=0%). Cochran’s
Q test and I2 suggested homogeneity since fixed
effects model was used (Figure 2). NNT was
calculated with 95% CI (3; 95% CI: 2- 4).

Risk Ratio
Study or Experimental Control Weight
M-H, Fixed, 95%
Subgroup
Group
Group
%
CI
0.32 (0.12-0.82)
4/22
16/28
46.1
Lin JL 1999
Lin JL 2006

5/16

6/7

27.3

0.36 (0.17-0.8)

Afzali 2008

3/9

9/11

26.5

0.41 (0.16-1.07)

Total events

12/47

31/46

100%

0.35 (0.21-0.61)

Heterogeneity X2=0.14 gl=2 p=0.93; I2=0%
Test for overall effect: Z=3.76 (p=0.0002)

Risk Ratio
M-H, Fixed, 95% CI

Favors experimental Favors control

Figure 2. Mortality in Randomized Clinical Trials
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Subgroup analyses were not necessary since
homogeneity was found. Sensitivity analysis for
type of sequence generation was pre-specified;
however, quasi-randomized trials were not found.
The biggest positive and negative magnitude
effect studies were excluded, being their
combined RR for the former 0.39 (0.21-0.72)
and 0.34 (0.17-0.64) for the latter, suggesting
robust results. Magnitude effects and confidence
intervals obtained from the fixed effects model
were similar to the results from the random
effects model.
Some adverse events were reported from the
authors. Lin JL et al. (1999), found leukopenia
in 36.4% (8/22) of patients that received
cyclophosphamide. Hair loss and acne were
also reported. Lin JL et al. (2006), described
leukopenia in 6 patients which appearedr after
2 weeks, 5 patients developed fever without
infection condition, hyperglycemia was present
in 1 patient and hair loss and acne were present
in 11 participants. Afzali S et al. (2008) did not
inform the presence or absence of adverse
events.
Publication bias
No evidence of publication bias was found by
funnel plot and we think it might due to exhaustive
database and manual search (Figure 3)

Figure 3. Funnel plot
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DISCUSSION
This current meta-anaylisis evaluated
cyclophosphamide and glucocorticoids therapy
efficacy in adults with moderate to severe PQ
poisoning. Randomized and quasi-randomized
controlled trials were included comparing
cyclophosphamide plus glucocorticoids to
conventional treatment. Included studies were
homogeneous and a beneficial effect was found
with intervention, considering that mortality was
reduced between 39-70% compared to control
group (RR: 0.35, 95% CI: 0.21-0.61). These
results were confirmed by sensitivity analysis.
It is not yet known, how this therapy could
be useful; however, it is known that severe
inflammation is part of the pathophysiology
of lung fibrosis resulting from PQ poisoning
and a cyclophosphamide anti-inflammatory
effect is presumed to be beneficial. Likewise,
glucocorticoids have also been shown to
suppress superoxide production by neutrophils
and macrophages and the formation of superoxide
through the arachidonic acid cascade17. This
action is further powered by cyclophosphamide
therapy. Life-threatening adverse effects never
occurred. Therefore, the benefit is greater than
the risk with this intervention.
A meta-analysis is a statistical strategy for
assembling the results of several
studies into a single precise
estimate and that is what was
obtained here. Search strategy
without restriction for language,
year or publication state, reduce
the risk of losing important trials;
nevertheless, a publication bias
could not be demonstrated and
one of the limitations was the
small number of studies found.
Maybe this does not allow us to
reach enough power to detect
any bias if it really exists. Another
limitation was methodological
studies quality, mainly or the
absence of description of
sequence generation found in
all included studies. Lin JL et al.
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(1999) and Afzali S et al. (2008), did not describe
how allocation concealment and blinding was
performed.
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