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Abstract: Paraquat (PQ), a highly effective herbicide, is widely used worldwide. PQ poisoning can cause multiple
organ failure, in which the lung is the primary target organ. After PQ poisoning, the patient mortality rate is as high as
90%, and there is currently no specific antidote. The main clinical treatment is the use of glucocorticoids and cyclo-
phosphamide for pulse therapy, but its effectiveness and safety are still uncertain. We investigated the effectiveness
and safety of immunosuppressive pulse therapy with glucocorticoids and cyclophosphamide to evaluate the treatment
value in patients with acute PQ poisoning. This meta-analysis, combined with seven trials that enrolled a total of 426
patients, showed that immunosuppressive pulse therapy with glucocorticoids and cyclophosphamide for PQ poisoning
significantly reduced mortality of the study group (59.3%, 134/226) compared with the control group (81.0%, 162/200).
There was no significant difference of hepatitis or renal failure between the control and study groups, indicating that
immunosuppressive pulse therapy was relatively safe. Several patients were reported to have leukopenia and returned
to normal after 1—-2 weeks without any abnormalities. Two cases of non-fatal sepsis were reported and considered to
be a side effect of the immunosuppressive pulse therapy. Thus, immunosuppressive pulse therapy can efficiently
reduce the mortality of PQ poisoning and it is relatively safe.
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1 Introduction Jiang et al., 2016). Paraquat (PQ) poisoning is a very

common pesticide poisoning in an emergency de-

Emergency departments often encounter many
acute diseases, such as trauma (Zhao and Lu, 2014;
Zhu et al., 2015) and acute poisoning (Lu et al., 2011;
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partment. PQ is a high-efficiency herbicide, which is
also toxic to the human after ingestion or skin expo-
sure. At present, PQ is still used a lot in agriculture,
and PQ poisoning often occurs (Hart, 1987). It is
mainly taken in orally and can also be absorbed
through skin mucosa and the airway. The early
symptoms of PQ intoxication are not obvious: some
patients may have no symptoms, or only present with
localized corrosive damage such as oropharynx,
esophageal mucosa, and contaminated skin; some
patients may have nausea and vomiting. However, the
disease progresses rapidly after PQ poisoning. Most
patients die of severe respiratory failure or multiple



Xu and Lu / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2019 20(7):588-597 589

organ failure within hours or days. The mechanism of
PQ poisoning has not been completely clarified, with
possibilities including oxidative damage, inflamma-
tory reaction, apoptosis, imbalance of extracellular
matrix metabolism, coagulation disorder, and au-
tophagy (Seidenfeld et al., 1978; Dinis-Oliveira et al.,
2008). Since there is no specific antidote, various
treatment methods are being explored, such as vita-
min C and vitamin E. Recently, lysine acetylsalicylate
was found to relieve lung damage caused by PQ
(Huang et al., 2011). However, these treatments still
need to have clinical trials. At present, the most
common treatments used in clinical are hemopurifi-
cation and immunosuppressive pulse therapy (Wang
et al., 2017). Studies have found that immunosup-
pressive therapy of glucocorticoid combined with
cyclophosphamide in large dose of these two drugs
may cause serious damage to liver and kidney func-
tions (Sakemi et al., 1993; Weissel and Hauff, 2000;
Marino et al., 2004). Therefore, we decided to con-
duct a meta-analysis to assess whether it is safe and
effective to treat PQ poisoning with immunosup-
pressive pulse therapy.

2 Methods
2.1 Search strategy

We conducted a comprehensive search of the
articles on the immunosuppressive pulse therapy after
PQ poisoning according to the procedures of the
Cochrane Collaboration for Systematic Reviews and
Meta-analyses guidelines. The pertinent studies were
published before the end of June 2018 as found in
PubMed, EMBASE, and Cochrane databases. All
these studies were published in English. Search sub-
ject keywords were as follows: paraquat, glucocorti-
coids, and cyclophosphamide.

2.2 Inclusion and exclusion criteria

The included studies must meet the following
criteria: (1) prospective study; (2) the patient must be
>16 years old and PQ was taken orally; (3) the in-
tervention of the experimental group was the pulse
therapy of glucocorticoids and cyclophosphamide,
and the intervention of the control group was placebo
or standard care. Reviews, case reports, letters, and
studies without full data were excluded.

2.3 Data extraction and quality assessment

In order to avoid errors and improve the accu-
racy of the results, two researchers were responsible
for the data extraction process. One investigator was
responsible for extracting the details from the articles
and another investigator verified the extracted data
for accuracy. Then, these two investigators inde-
pendently assessed the risk of bias for included stud-
ies. The quality assessment of randomized controlled
trials (RCTs) was appraised using the Cochrane
Collaboration’s tool for assessing the risk of bias. The
Newcastle-Ottawa Scale (NOS) (Stang, 2010) was
used to evaluate non-RCTs.

2.4 Statistical analysis

All statistical analyses were performed with
Review Manager (RevMan) version 5.3 (the Nordic
Cochrane Centre, the Cochrane Collaboration, Co-
penhagen, Denmark). Heterogeneity of included
studies was evaluated with /* statistics. If ’<50% and
P>0.1, there was no heterogeneity between the stud-
ies, and the fixed effect model was used for statistical
analysis. If I ranged from 50% to 75% and P<0.1, the
random effect model was used for statistical analysis.
If >75% and P<0.1, it indicated that there was ob-
vious heterogeneity between studies, combined
analysis cannot be performed, and then only descrip-
tive analysis was performed. Because there were only
seven studies included in our meta-analysis, we did
not do funnel plots.

3 Results
3.1 Study selection

Our search method retrieved 273 studies. The
studies identified through search were selected in
depth screening, and 266 did not meet the predeter-
mined selection criteria. Finally, seven studies (Per-
riéns et al., 1992; Lin et al., 1996, 1999, 2006, 2011;
Afzali and Gholyaf, 2008; Ghorbani et al., 2015) met
the criteria for inclusion in our research (Fig. 1).
There are four RCTs and three non-RCTs.

3.2 Characteristics and methodological quality of
the studies

Characteristics of included studies in the meta-
analysis are described in Table 1. The seven trials
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enrolled 426 patients. The characteristics extracted
from the included trials were: first author/publication
year, area, patient samples, study design, illness se-
verity, outcome measurement, follow-up, and therapy
characteristics in the experimental and control groups.
All except one trial exceeded one clinical outcomes
during the treatment. Mortality data were available in
all trials. Three studies were followed up for more
than 30 d, one was only followed up for 3 d, and the
other three did not report. The quality assessment of
RCTs is shown in Fig. 2. Three RCTs (Lin et al., 1999,
2006; Ghorbani et al., 2015) described the special
method of randomization. One RCT (Ghorbani et al.,
2015) used double blinding. The scores on the NOS
scale for the remaining three non-RCTs were 7 (Per-
riéns et al., 1992), 6 (Linetal.,2011), and 5 (Lin et al.,
1999), respectively.

Records identified through| | Additional records identified
database searching through other sources
(n=272) (n=1)

|

Records after duplicates removed
(n=4)

|

Records screened

Records excluded

(n=269) (n=257)
Full-text articles Did not meet
assessed for eligibility inclusion criteria
(n=12) (n=5)

Eligibility ] [ Screening | ( Identification |

Studies included in
qualitative synthesis
(n=7)

)

Studies included in
qualitative synthesis
(meta-analysis)
(n=7)

[ Included

Fig. 1 Literature search strategy

3.3 Main outcome: mortality

From the data in Fig. 3, we note that the mortal-
ity rate of the study group was 59.3% (134/226),
while that of the control group was 81.0% (162/200).
These results indicated that pulse therapy with the
combination of glucocorticoids and cyclophospha-
mide efficiently improved survival rate (risk ratio
(RR), 0.73; 95% confidence interval (CI), 0.64-0.83;
P<0.00001, '=5%).

3.4 Subgroup analysis

In order to analyze factors affecting heterogene-
ity, we conducted a subgroup analysis based on the
illness severity, in which the study was conducted.
There were two studies (Lin et al., 1996, 1999) in the
fulminant group (one RCT, one non-RCT; RR, 1;
95% CI, 0.94-1.06; P=1.000; Fig. 4) and it showed no
heterogeneity. There were seven studies (Perriéns
etal., 1992; Lin et al., 1996, 1999, 2006, 2011; Afzali
and Gholyaf, 2008; Ghorbani et al., 2015) in the mod-
erate to severe groups (four RCTs, three non-RCTs;
RR, 0.58; 95% CI, 0.48-0.70; P<0.00001; Fig. 4). The
test for heterogeneity was significant (12:57%)_

3.5 Sensitivity analysis

To explore the potential source of heterogeneity,
we performed a sensitivity analysis. In this meta-
analysis, the study by Lin et al. (2011) had the largest
sample size, which is an important factor in pooled
estimates. In another study conducted by Perriéns
et al. (1992), the patients did not use hemopurification.
Therefore, we performed sensitivity analyses to as-
sess the efficiency of immunosuppressive pulse
therapy. We excluded these two studies, which
changed RR from 0.58 (0.48-0.70) to 0.37 (0.25-
0.55), and there was no heterogeneity in the remain-
ing studies (’=0%).

3.6 Secondary outcomes: renal failure, hepatitis,
leucopenia, and hypoxia

All except one drug study (Lin et al., 2011) re-
ported complications separately for the treatment and
placebo groups (Perriéns et al., 1992; Lin et al., 1996,
1999, 2006; Afzali and Gholyaf, 2008; Ghorbani et al.,
2015) (Table 2). Renal failures and hepatitis that
occurred within 24 h of admission were considered
for non-pharmacological effects and therefore were
excluded. Relative risk was calculated for each effect
(Figs. 5 and 6). In the remaining studies, there were
non-significantly lower rates of renal failure (RR,
0.88; 95% CI, 0.72—1.07; six trials) and hepatitis (RR,
0.92; 95% CI, 0.66—1.27; five trials) when the control
group was compared with the study group. Four
studies reported that 20 patients suffered from leu-
kopenia, which was significantly higher than the
control group (RR, 10.66; 95% CI, 2.18-52.09; four
trials). In addition, these patients all spontaneously
recovered after 1-2 weeks.
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Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Incomplete outcome data (attrition bias)

Blinding of outcome assessment (detection bias) |
Selective reporting (reporting bias) |

Other bias
0% 25% 50% 75% 100%
|:| Low risk of bias D Unclear risk of bias . High risk of bias
Fig. 2 Quality assessment of the three randomized controlled trials
Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95%ClI
Afzail 2008 3 9 9 11 4.9% 0.41[0.16,1.07] +«
Ghorbani 2015 6 24 14 23 8.6% 0.41[0.19,0.88] ¢
Lin 1996 17 29 23 28 14.0% 0.71[0.50, 1.01] ]
Lin 1999 38 56 53 65 29.4%  0.83[0.67, 1.03] — &
Lin 2006 11 16 6 7 5.0% 0.80[0.51, 1.26] I
Lin 2011 39 59 48 52 30.6% 0.72[0.59, 0.87] —
Perriens 1992 20 33 9 14 7.6% 0.94[0.58, 1.52]
Total (95% CI) 226 200 100.0% 0.73[0.64, 0.83] <>
Total events 134 162 . , X ,
Heterogeneity: Chi’=6.32, df=6 (P=0.39); ’=5% 0.2 0.5 1.0 2.0 5.0

Test for overall effect: Z=4.81 (P <0.00001)

Favours [experimental] ~ Favours [control]

Fig. 3 Forest plot showing effect of pulse immunosuppressive therapy on mortality of patients with PQ poisoning

Hypoxia is the most common symptom in pa-
tients with PQ poisoning. Six studies (Perriéns et al.,
1992; Lin et al., 1996, 1999, 2006; Afzali and Gholyaf,
2008; Ghorbani et al., 2015) reported patients with
hypoxia in the experimental and control groups dur-
ing hospitalization (Fig. 7). We found that the prob-
ability of hypoxia in the control group (41.4%) was a
little higher than that in the experimental group
(36.5%). However, there was no significant differ-
ence between the two treatments (RR, 0.74; 95% CI,
0.40-1.35; six trials). It suggested that immunosup-
pressive pulse therapy may not have an effect on alle-
viating hypoxia in patients with PQ poisoning.

4 Discussion

PQ is widely used because it is highly efficient
and environmentally friendly. Its ready accessibility

has led to high human exposure due to unintentional
contact or intentional suicide. The survival rate after
oral poisoning of PQ is related to the amount of intake
and the time of poisoning. There is no specific antidote
for PQ poisoning at present. Management of the
problem is mainly directed at the following aspects:
reducing absorption, increasing excretion, anti-
inflammatory, anti-oxidation, and supportive treat-
ment. For the first time, in 1988, a study found that
the lung damage caused by PQ was probably due to
reactive oxygen species (ROS) production. This
finding caused a boom in research directed at anti-
oxidation treatment (Smith, 1988). Vitamin E and
vitamin C were essential trace elements that scav-
enged oxygen free radicals and proved to play im-
portant roles in the process of PQ poisoning. Studies
had demonstrated that vitamin E deficiency aggra-
vated lung damage in rats with PQ poisoning (Block,
1979). Vitamin C could release an electron to neutralize
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Risk ratio
M-H, fixed, 95%CI

1.1.1 Moderate to severe

Afzail 2008 3 9 9 1 48%  0.41[0.16, 1.07]
Ghorbani 2015 6 24 14 23 8.5% 0.41[0.19, 0.88]
Lin 1996 4 16 12 28 6.9% 0.35[0.14, 0.87]
Lin 1999 4 22 16 65 8.4%  0.32[0.12,0.82]
Lin 2006 5 16 6 7 5.0% 0.36[0.17,0.80]
Lin 2011 39 59 48 52 30.3% 0.72[0.59, 0.87]
Perriens 1992 20 33 9 14 7.5% 0.94[0.58, 1.52]
Subtotal (95% Cl) 179 152 71.3% 0.58[0.48,0.70]
Total events 81 114

Heterogeneity: Chi*=13.83, df=6 (P=0.03); *=57%

Test for overall effect: Z=5.75 (P <0.00001 )

1.1.2 fulminant

Lin 1996 13 13 11 1 74%  1.00[0.86, 1.17]
Lin 1999 34 34 37 37 21.3%  1.00[0.95, 1.06]
Subtotal (95% Cl) 47 48 28.7%  1.00[0.94, 1.06]
Total events 47 48

Heterogeneity: Chi?=0.00, df=1 (P=1.00); *=0%

Test for overall effect: Z=0.00 (P=1.00 )

Total (95% Cl) 226 200 100.0% 0.70[0.62, 0.79]

Total events 128 162

Heterogeneity: Chi?=201.47, df=8 (P<0.00001); *=96%

Test for overall effect: Z=2.72 (P<0.00001)

Test for sungroup differences: Chi?=30.28, df=1 (P < 0.00001); ’=96.7%

L 4

0.2 0.5 1.0 2.0 5.0
Favours [experimental] Favours [control]

Fig. 4 Forest plot showing effect of pulse immunosuppressive therapy on mortality in fulminant and moderate to severe

PQ poisoning patients

Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95%CI
Afzail 2008 6 9 11 11 14.3% 0.68[0.42, 1.09] . E—
Ghorbani 2015 11 24 15 23 20.9% 0.70[0.41, 1.19] - 1
Lin 1996 10 16 10 17 13.2% 1.06 [0.61, 1.84] —
Lin 1999 20 28 15 22 22.9% 1.05[0.72, 1.52] e
Lin 2006 14 16 5 7 9.5%  1.23[0.74, 2.03] -1
Perriens 1992 17 33 10 14 19.2%  0.72[0.45, 1.15] - "
Total (95% CI) 126 94 100.0% 0.88[0.72, 1.07] ‘
Total events 78 66 N N A R
Heterogeneity: Chi?=5.54, df=5 (P=0.35); P=10% 0.2 05 10 20 5.0
Test for overall effect: Z=1.30 (P=0.19) Favours [experimental] ~ Favours [control]
Fig. 5 Hepatitis in patients between the therapy and control groups
Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95%ClI
Afzail 2008 9 9 11 11 28.4% 1.00 [0.83, 1.20] ——
Ghorbani 2015 9 24 11 23 30.5%  0.78[0.40, 1.53] L
Lin 1999 5 28 6 22 18.3%  0.65[0.23, 1.87] ol
Lin 2006 4 16 1 7 3.8% 1.751[0.24, 12.97] >
Perriens 1992 13 33 5 14 19.1% 1.10 [0.49, 2.51] =
Total (95% Cl) 110 77 100.0% 0.92[0.66, 1.27] f
Total events 40 34 s ; . .
Heterogeneity: Chi?=2.01, df=4 (P=0.73); ?=0% 0.2 0.5 1.0 2.0 5.0

Test for overall effect: Z=0.51 (P=0.61)

Favours [experimental] ~ Favours [control]

Fig. 6 Renal failure in patients between the therapy and control groups
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Table 2 Outcome data of studies included in meta-analysis
Study group Control group
Author
(year) Incidence of Incidence of Incidence of Incidence of Incidence of Incidence of Incidence of Incidence of
renal failure  hepatitis hypoxia leukopenia  renal failure  hepatitis hypoxia leukopenia

Perriéns 24/33 13/33 17/33 0/33 10/14 5/14 4/14 0/14

etal. (1992) (72.7%) (39.4%) (51.5%) (0.0%) (71.4%) (35.7%) (28.6%) (0.0%)
Lin et al. 10/16 3/16 6/16 10/17 3/17 0/17

(1996) (62.5%) (18.8%) (37.5%) (58.8%) (17.6%) (0.0%)
Lin et al. 20/28 5/28 3/28 8/28 15/22 6/22 3/22 0/22

(1999) (71.4%) (17.9%) (10.7%) (28.5%) (68.2%) (27.3%) (13.6%) (0.0%)
Lin et al. 14/16 4/16 9/16 6/16 5/7 1/7 4/7 0/7

(2006) (87.5%) (25.0%) (56.3%) (37.4%) (71.4%) (14.5%) (57.1%) (0.0%)
Afzali and 6/9 9/9 4/9 11/11 11/11 8/11

Gholyaf (66.6%) (100.0%) (44.2%) (100.0%) (100.0%) (72.7%)

(2008)
Lin et al.

(2011)
Ghorbani 11/24 9/24 10/24 15/23 11/23 17/23

etal. (2015) (45.8%) (37.5%) (41.6%) (65.2%) (47.8%) (73.9%)

Experimental Control Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95%CI

Afzail 2008 4 9 8 11 16.2%  0.30[0.05, 1.94] —_—

Ghorbani 2015 10 24 17 23 41.1%  0.25[0.07, 0.87] —

Lin 1996 3 16 3 17 9.6% 1.08 [0.18, 6.32] —_—

Lin 1999 3 28 3 22 12.2% 0.76[0.14,4.19] e

Lin 2006 9 16 4 7 9.9% 0.96[0.16, 5.80] -1

Perriens 1992 17 33 4 14 11.0% 2.66[0.69, 10.20] - -

Total (95% Cl) 126 94 100.0% 0.74[0.40, 1.35] >

Total events 46 39 ) ) ) )

Heterogeneity: Chi?=7.54, df=5 (P=0.18); ’=34% 0.01 0.10 1.00 10.00 100.00

Test for overall effect: Z=0.99 (P=0.32)

Favours [experimental] ~ Favours [control]

Fig. 7 Hypoxia in patients between the therapy and control groups

oxygen free radicals and protected biomolecules be-
fore it reacted with other ROS. However, there was no
benefit when using vitamin E and C to treat normal
rats with PQ poisoning. The reason was not clear.
Another attempt to treat PQ poisoning was superox-
ide dismutase (SOD) enzymes. SOD could catalyze
the dismutation of peroxy anion to provide protection.
The effect of SOD on the treatment of PQ poisoning
is still controversial. A study found that injection of
SOD could reduce the mortality of rats with PQ poi-
soning (Wasserman and Block, 1978), but there was
no obvious effect on the human body (Block, 1979).
This finding might be related to the physical charac-
teristics of its molecules, which were too large to
function through the cell membrane. Therefore,
studies had been conducted to embed superoxide in

various media to enable it to enter the cell membrane
to function (Day and Crapo, 1996).

The current main treatment for PQ poisoning is
inhibition of inflammatory response and pulmonary
fibrosis. Inflammatory cells produced large amounts
of ROS. Not only that, they also secreted some hy-
drolase to damage lung cells. Studies showed that
inflammatory cells played an important role in the
pathological process of PQ poisoning. Immunosup-
pressive therapy could reduce the inflammatory re-
sponse of lungs, thereby reducing ROS production
and lung damage. Currently, a combination of glu-
cocorticoids and cyclophosphamide is commonly
used in the clinical setting.

This meta-analysis showed that pulse therapy
with glucocorticoids and cyclophosphamide after PQ
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poisoning significantly reduced mortality of the study
group compared with the control group.

Except for one study (Perriéns et al., 1992),
hemopurification treatment was performed on pa-
tients with PQ poisoning in both the control and
experimental groups. Interestingly, in a recent study
on immunosuppressive pulse therapy on PQ poison-
ing, neither the experimental group nor the control
group had hemopurification treatment, and the results
showed that there was no statistically significant
difference in mortality of these two groups
(Gawarammana et al., 2018). It may be that the effect
of immunosuppressive pulse therapy alone on PQ
poisoning is not effective. Studies had demonstrated
that hemopurification in the early stage of PQ poi-
soning could reduce the mortality of patients (Wang
et al., 2017). The immunosuppressive pulse therapy
needs to be combined with hemopurification treat-
ment. This combination therapy is also the conven-
tional treatment of PQ poisoning in most hospitals
currently. Some scholars believed that PQ could
damage the mitochondria by inducing a large amount
of ROS, inducing apoptosis, and so on. However,
there was no evidence that methylprednisolone or
cyclophosphamide could eliminate ROS in the body
to protect cell and mitochondria from damage.
Therefore, more research is needed to establish the
mechanism and role of immunosuppressive therapy
on PQ poisoning.

Although previous studies had shown that the
high doses of glucocorticoids and cyclophosphamide
might cause adverse effects such as hepatitis, renal
failure, and leukopenia in patients (Sakemi et al.,
1993; Weissel and Hauff, 2000; Marino et al., 2004),
our analysis found that there was no significant dif-
ference of hepatitis nor renal failure between the
control and study groups, indicating that immuno-
suppressive pulse therapy was relatively safe.

Although several patients were reported to have
leukopenia due to the myelosuppressive effect of
cyclophosphamide, they returned to normal after 1—
2 weeks without any abnormalities. It reminds us to
pay attention to the complete blood count (CBC) of
the patients during the treatment. Not only that, the
patient’s immune function was inhibited. In one of the
studies (Perri€ns et al., 1992), two cases of non-fatal
sepsis were reported and were considered as a side
effect of the immunosuppressive pulse therapy. At

present, immunosuppression is the main drug treat-
ment after PQ poisoning, which could also induce the
risk of clinical infection while reducing the inflam-
matory response. In the process of clinical care, more
attention should be paid to protect patients from
infection.

After PQ poisoning, patients developed hypoxia
due to the inflammation of lungs and pulmonary fi-
brosis. We found that both the study and control
groups in our research had high incidences of hypoxia.
However, hypoxia in patients treated with the pulse
therapy of glucocorticoids and cyclophosphamide did
not achieve remission during hospitalization. Two
studies mentioned that the respiratory function of
patients who used immunosuppressive therapy re-
covered slowly 3-6 months after PQ poisoning,
nearing normal levels. It suggested that methylpred-
nisolone and cyclophosphamide might have little
effect on hypoxia caused by early acute inflammation,
but might be able to treat advanced pulmonary fibro-
sis. However, it may need further research.

Recently, it has been found clinically that some
acquired immune deficiency syndrome (AIDS) pa-
tients had survived after taking a lethal dose of PQ
(Shang and Lu, 2015; Lu, 2018). It was well known
that a loss of CD4" T lymphocytes was the immune
compromise caused by human immunodeficiency
virus (HIV). Therefore, we hypothesized that the
CD4" T lymphocytes cell might play a critical role in
the mechanism of body damage caused by PQ (Zhang
et al., 2012; Feng et al., 2018). The proposed use of
CD4" T lymphocytes as a target to guide immuno-
suppressive therapy to improve the prognosis might
be the future direction for the treatment of PQ
poisoning.

There were several limitations to our meta-
analysis. First, unfortunately not all studies were
randomized; some studies had small sample sizes and
might increase statistical variance. However, in clin-
ical practice, patients with PQ poisoning were too rare
to conduct a large-scale clinical controlled study.
Even so, most of the enrolled studies were high-
quality clinical trials. Second, there was no uniform
standard for the severity of PQ poisoning for patients
included in the study, which might increase the het-
erogeneity between studies and impact on the results.
Third, the definition of immunosuppressive pulse
therapy was inconsistent. In addition, several known
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complications of glucocorticoid and cyclophospha-
mide such as hyperglycemia, gastrointestinal ulcer,
avascular necrosis of the femoral head, or tumor
were not discussed in these included studies. Fourth,
some studies were not followed up for more than
four weeks and could not fully reflect the real effects
of immunosuppressive pulse therapy. Despite these
limitations, our meta-analysis incorporated all cur-
rently available evidence concerning pulse therapy on
the treatment of PQ poisoning, and it might have
directive sense to clinical work.

5 Conclusions

Based on seven studies of immunosuppressive
pulse therapy on PQ poisoning, this systematic review
and meta-analysis revealed a 21.7% mortality reduc-
tion when patients were treated with immunosup-
pressive pulse therapy (RR, 0.73; 95% CI, 0.64-0.83;
P<0.00001, ’=5%). There was no significant dif-
ference of hepatitis or renal failure between the con-
trol and study groups, indicating that immunosup-
pressive pulse therapy was relatively safe. Several
patients were reported to have leukopenia and re-
turned to normal after 1-2 weeks without any ab-
normalities. Two cases of non-fatal sepsis were re-
ported and considered as a side effect of the immu-
nosuppressive pulse therapy.
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