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ARTICLE INFO ABSTRACT

Keywords: Background: Penehyclidine hydrochloride (PHC) has been used for many years as an anticholinergic drug for
Penehyclidine hydrochloride the treatment of acute organophosphorus pesticide poisoning (AOPP). The purpose of this meta-analysis was to
Atropine explore whether PHC has advantages over atropine in the use of anticholinergic drugs in AOPP.

Acute organophosphorus pesticide poisoning
Anticholinergic drug
Meta-analysis

Methods: We searched Scopus, Embase, Cochrane, PubMed, ProQuest, Ovid, Web of Science, China Science and
Technology Journal Database (VIP), Duxiu, Chinese Biomedical literature (CBM), WanFang, and Chinese National
Knowledge Infrastructure (CNKI), from inception to March 2022. After all qualified randomized controlled trials
(RCTs) were included, we conducted quality evaluation, data extraction, and statistical analysis. Statistics using
risk ratios (RR), weighted mean difference (WMD), and standard mean difference (SMD).

Results: Our meta-analysis included 20,797 subjects from 240 studies across 242 different hospitals in China.
Compared with the atropine group, the PHC group showed decreased mortality rate (RR=0.20, 95% confidence
intervals [CI]: 0.16-0.25, P <0.001), hospitalization time (WMD=-3.89, 95% CI: —4.37 to —3.41, P <0.001),
overall incidence rate of complications (RR=0.35, 95% CI: 0.28-0.43, P <0.001), overall incidence of adverse
reactions (RR=0.19, 95% CI: 0.17-0.22, P <0.001), total symptom disappearance time (SMD=-2.13, 95% CI:
—2.35to —1.90, P <0.001), time for cholinesterase activity to return to normal value 50-60% (SMD=-1.87, 95%
CI: —2.03 to —1.70, P <0.001), coma time (WMD=-5.57, 95% CI: —7.20 to —3.95, P <0.001), and mechanical
ventilation time (WMD=-2.16, 95% CI: —2.79 to —1.53, P <0.001).

Conclusion: PHC has several advantages over atropine as an anticholinergic drug in AOPP.

of acetylcholinesterase by poisons, which results in the accu-
mulation of endogenous acetylcholine, causing the continuous

Introduction

Organophosphorus pesticides (OP) have been used as
pesticides for nearly two centuries.!!! The World Health Orga-
nization estimates that OP causes poisoning in 3 million people
worldwide every year, of which about 300,000 die.””’ The
majority of people poisoned by OP live in developing countries,
especially the rural areas. Suicide deaths from consuming
pesticides account for one-third of global suicides every year,
which results in great pressure on world public health.[!

An important pathophysiological mechanism of acute
organophosphorus pesticide poisoning (AOPP) is the inhibition

impulse of cholinergic nerves. The clinical manifestations of
this phenomenon are muscarinic symptoms (massive sweat-
ing, tears, salivation, bradycardia, bronchospasm, pulmonary
edema); nicotine symptoms (muscle fiber fibrillation, tonic
spasm); and central nervous system symptoms (dizziness,
headache, irritability, delirium, and coma).!*! Patients may die
suddenly because of obstruction of the airway by a large vol-
ume of respiratory secretions, bronchospasm, and pulmonary
edema. Up to now, the detoxification treatment of AOPP is
still cholinesterase reactivators based on oximes to restore
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the cholinesterase activity and anticholinergic drugs based on
atropine to block excessive acetylcholine at the neuromuscular
junctions in the human body."®! Atropine, a traditional anti-
cholinergic drug that antagonizes cholinergic receptors, has
been used as an anticholinergic drug for AOPP since the 1950s.
A common cause of death in AOPP patients is central nervous
system toxicity.[® However, atropine does not antagonize the
central nervous system cholinergic receptors and systemic
nicotine receptors.!®! In addition, the sensitivity of patients to
atropine varies greatly across the population. Although the use
of optimal doses of atropine in AOPP can reduce mortality, it
is clinically challenging to determine the correct dose."”! This
often results in atropine poisoning or insufficient treatment
dose.'® Moreover, in patients with underlying diseases and
elderly patients, an important cause of death in AOPP patients
is the adverse reaction of atropine >,

At the end of the 20th century, China developed penehy-
clidine hydrochloride (PHC), a new long-acting anticholinergic
drug that can antagonize both muscarinic as well as nicotinic
receptors. At the same time, it can cross the blood-brain barrier
and play a key role in antagonizing central cholinergic recep-
tors; hence, PHC is considered to have unique pharmacological
characteristics that atropine lacks.® Since the introduction of
PHC, hundreds of hospitals in China have used it to treat AOPP
and achieved good therapeutic results. Since 2000, a large num-
ber of academic conferences on emergency or poisoning held
in China have repeatedly proposed the benefits of PHC in the
treatment of AOPP [10-281| Several randomized controlled tri-
als (RCTs) have shown that in the anticholinergic treatment of
AOPP, atropine is expected to be replaced by PHC [2°-3%1, Thus
far, there are only three relevant Chinese meta-analyses pub-
lished during 2010-2012 that have shown that PHC has advan-
tages over atropine in the treatment of AOPP. However, they
included fewer studies, the quality of included studies was low,
and the meta-analyses had inherent biases [**~*!J. Only one meta-
analysis published in English showed that PHC combined with
atropine could reduce mortality in AOPP.!®! Due to insufficient
evidence-based clinical findings, the latest expert consensus did
not propose PHC as the first choice of anticholinergic drug in
the treatment of AOPP.[*?! The purpose of this meta-analysis is
to summarize all published RCTs and explore whether PHC has
advantages over atropine as an anticholinergic drug in AOPP.
We believe the summary of this analysis may provide useful clin-
ical evidence for the next version of expert consensus.

Methods

We registered this meta-analysis on the International Plat-
form of Registered Systematic Review and Meta-analysis
Protocols (INPLASY) in March 2022 with a digital object
identifier (DOI) of 10.37766/inplasy2022.3.0133 (registration
number: 202230133). This meta-analysis is reported in ac-
cordance with the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) guidelines.

Database and search strategies

According to the retrieval methods of different databases,
our team formulated detailed advanced retrieval strategies. We
retrieved five Chinese databases, namely China Science and
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Technology Journal Database (VIP), Duxiu, Chinese Biomedical
literature (CBM), WanFang, and Chinese National Knowledge
Infrastructure (CNKI), and seven English databases, namely
Scopus, Embase, Cochrane, PubMed, ProQuest, Ovid, and Web
of Science. We also searched whether there are corresponding
clinical trials in clinical trial centers in China and the United
States. The search date range of articles in the above databases
was from the establishment of the database to March 17, 2022.
In the Chinese search term, we used four different variants for
“acute organophosphorus pesticide poisoning.” For “penehycli-
dine,” three variants were used — penehyclidine hydrochloride,
penehyclidine, and its trade name Changtuoning. For the type
of experiment, our key words included random control, random
distribution, random, RCT, lottery, random number table, and
computer random. For the retrieval of English database, we
used subject words and free words to retrieve the corresponding
articles within the scope of RCTs, in which medical subject
headings (MeSH) terms included organophosphate poisoning
and penehyclidine. The literature search and screening were
performed by two different reviewers each. If there were
differences, other reviewers in the team participated in the
discussion and finally reached an agreement. Search strategies
are listed in Supplementary Appendix 1.

Inclusion and exclusion criteria

The inclusion criteria are as follows: (1) The subjects were
AOPP patients, who were poisoned in various forms. (2) In the
study, the experimental group used PHC, and the control group
used atropine. General treatments such as gastric lavage, eme-
sis induction, catharsis, adsorption of toxins, and application of
oximes were the same in the experimental group and the con-
trol group in each study. (3) Articles reported one or more of the
following: mortality rate, hospitalization time, the overall inci-
dence rate of complications, incidence of delayed polyneuropa-
thy, intermediate syndrome, rebound, and respiratory failure;
the overall incidence of adverse reactions, incidence of blurred
vision, thirst, urinary retention, tachycardia, fever, restlessness,
and disturbance of consciousness; the total symptom disappear-
ance time, disappearance time of muscarinic symptoms, nico-
tinic symptoms, and central nervous system symptoms; time for
cholinesterase activity to return to normal value of 50-60%,
coma time, and mechanical ventilation time. (4) Articles were
searched from inception to March 2022. (5) Articles published
in Chinese or English. (6) All articles were tested on adults.

The exclusion criteria are as follows: (1) non-RCT design. (2)
The articles were reviews or meta-analyses. (3) Nursing articles.
(4) Articles were not available. (5) The articles were not rigor-
ous. (6) The patient suffers from some other condition or disease
such as severe trauma or infectious diseases.

Data extraction

Because this study involves a large number of articles, four
reviewers extracted the data and another four checked them to
prevent data errors. We designed a table to extract the following
information from each included article: first author, publication
year, journal name, database, sample size, gender composition,
average age or age windows, time from onset to visit or the time
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windows, degree of poisoning, intervention and control meth-
ods, and outcomes.

Quality assessment

According to the indicators of the Cochrane Collaboration
tool, three reviewers evaluated all included articles one by one.
If they were unable to reach an agreement, the first author re-
joined the discussion until a consensus was reached.

Statistical analysis

The flow chart of literature screening and quality evaluation
were completed by Review Manager 5.3. With regard to sta-
tistical analysis, because of the large number of documents in-
cluded, Stata (version 16) was used to make forest plots. For
continuous variables, weighted mean difference (WMD), stan-
dard mean difference (SMD), and 95% confidence intervals (CI)
were reported, and for dichotomous variables, risk ratios (RR)
were reported. The I? test was used for the degree of hetero-
geneity; if I> <50%, the heterogeneity was considered small and
a fixed-effects model was used, but if I> >50%, the heterogene-
ity was considered large and a random effects model was used.
Some outcome indicators have different units. If there were a
large number of studies in different units, we use SMD to pool
effect sizes. If the number of studies in different units were small,
we directly converted their units into the units of most studies
to pool effect size. Egger’s test was used to test for publication
bias for several major outcome indicators. If there was publica-
tion bias, the trim and fill method was used to correct and test
whether the results were robust.

Results
Literature screening

At the beginning, we retrieved 2765 articles from 12
databases; no articles were retrieved from the two clinical trial
centers. After deleting duplicate articles, 769 articles remained.
Among them, the intervention measures or control measures
of 319 articles were inconsistent, and 82 articles did not match
the outcome indicators. In addition, 16 articles were on animal
experiments, 11 articles were reviews or meta-analysis, 19
articles were on nursing, and the subjects of 14 articles were
children. After excluding the above articles, 308 remained.
Furthermore, the full-text of 2 articles could not be obtained,
5 articles contained duplicate data, 23 articles did not have
relevant data, and 18 articles had imprecise data; all these
were also excluded. Finally, after excluding 20 more articles
that were not RCTs, the remaining 240 articles [29-38,43-272]
were included in this meta-analysis.The flow chart of literature
screening is presented in Figure 1.

General information of each study

These 240 RCTs, from 2000 to 2021, recruited a total of
20,797 patients from 242 different hospitals in China. Of these,
10,685 subjects were assigned to the PHC group and 10,112
to the atropine group. The two groups’ basic treatment mea-
sures were the same, including defecation, diuresis, dehydra-
tion, use of oximes, and other comprehensive treatments. For
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patients who needed mechanical ventilation, endotracheal intu-
bation and ventilator were provided to assist with ventilation.
The baseline characteristics of the two groups in each study were
the same (P >0.05). Supplementary Table 1 shows the clinical
and demographic details of each study. The usage of PHC and
atropine in the two groups of each study is shown in Supple-
mentary Table 2.

Quality assessment

After evaluation by three reviewers, a consistent conclusion
was finally reached. Of all 240 studies, only 36 explicitly used
specific randomized methods and only 1 article used the alloca-
tion concealment method. All three reviewers agreed that the re-
sults of each study were not affected by performance bias. With
regard to the detection bias, only 3 studies were clearly double-
blind trials, and other studies were determined to be unclear.
None of the 240 studies had loss of follow-up and missing data;
thus, in attrition bias, they all were judged as low risk. Five stud-
ies had selective reports and were judged as high risk. In addi-
tion, the reporting bias of seven studies was rated unclear. Due
to insufficient information, all 240 studies were rated unclear
on other biases. Figure 2 shows the specific quality assessment
chart of included studies.

Outcomes

The summary of all outcomes is shown in Table 1.

Mortality rate

Mortality rate refers to the ratio of the number of patients
who died during hospitalization to the total number of patients.
A total of 76 studies reported mortality rates: 1°=0.0%, which
indicated zero heterogeneity; hence, we used the fixed effect
model, which showed that the PHC group could significantly re-
duce the mortality (RR=0.20, 95% CI: 0.16-0.25, and P <0.001,
Figure 3). The P-value of Egger’s test was <0.05, which showed
publication bias. Using the trim and fill method, the final cor-
rection result was not very different from the previous results,
indicating that the result was robust (RR=0.25, 95% CI: 0.04-
0.46, and P <0.001).

Hospitalization time

A total of 145 studies reported hospitalization time. Because
only 4 studies were measured in hours, we converted them into
days and combined the statistics: I2=98.1%, which indicated
large heterogeneity, and so we used the random effect model,
which showed that the PHC group could significantly reduce the
hospitalization time (WMD = -3.89, 95% CI: —4.37 to —3.41,
and P <0.001, Supplementary Figure 1). The P-value of Egger’s
test was 0.010 < 0.05, which showed publication bias. The cor-
rection result of the trim and fill method was not very different
from the previous results, which meant that the impact of pub-
lication bias was small and the result was robust (WMD=-4.55,
95% CI: —4.99 to —4.11, P <0.001).
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2765 articles were retrieved from 12 databases.

CBM(n=519), VIP(n=454), CNKI(n=458), Wanfang
Data(n=659), Duxiu(n=653), Embase(n=2),

Zero articles were identified through other sources,
including the Chinese Clinical Trials and Registry
Clinical Trials.gov

PubMed(n=3), Cochrane Library(n=3), Ovid(n=2),
Web of Science(n=2), Scopus(n=1), ProQuest(n=9)

319 intervention and/or control
inconsistency

82 outcome indicators inconsistency
16 animal experiments

11 meta-analyses or reviews

!

19 nursing articles

769 of records after duplicates were removed | .|

14 pediatric articles

2 articles not obtained
5 data duplicated

23 no available data

‘ 308 full-text articles were assessed ’

18 not rigorous

‘ 260 studies included in

qualitative synthesis ’ 20 were not RCTs

240 articles included

Figure 1. Literature screening flow chart.

Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias) _
Selective reporting (reporting bias) _]

Other bias | |

0% 25% 50% 75%  100%

- Low risk of bias

|:| Unclear risk of bias

B High risk of bias

Figure 2. Quality assessment of included studies.

The overall incidence rate of complications

The overall incidence rate of complications was the sum
of all kinds of complications in the studies, as shown in Sup-
plementary Table 3. A total of 18 studies reported the overall
incidence rate of complications: I2=47.7%, which suggested
that heterogeneity was moderate; hence, we used the fixed
effect model. The results suggested that the PHC group could
greatly reduce the overall incidence rate of complications
(RR=0.35, 95% CI: 0.28-0.43, P <0.001, Supplementary Figure
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2). The P-value of Egger’s test was <0.05, which showed pub-
lication bias. The correction result of the trim and fill method
was not very different from the previous results, showing that
the result was robust (RR=0.51, 95% CI: 0.30-0.71, P <0.001).

The incidence of delayed polyneuropathy

Only 5 studies reported the incidence of delayed polyneu-
ropathy: I?’=0.0% indicated no heterogeneity, and so we used
the fixed effect model. The result indicated that the incidence



S. Zeng, L. Ma, L. Yang et al.

Journal of Intensive Medicine 3 (2023) 171-184

Table 1
The summary of outcomes.

Number Outcomes Number of studies  RR WMD SMD 95% CI 2 P-value
1 Mortality rate 76 0.20 NA NA 0.16, 0.25 0.0% <0.001
2 Hospitalization time (days) 145 NA -3.89 NA -4.37, -3.41 98.1% <0.001
3 The overall incidence rate of complications 18 0.35 NA NA 0.28, 0.43 47.7% <0.001
4 Incidence of delayed polyneuropathy 5 0.28 NA NA 0.13, 0.59 0.0% 0.001

5 Incidence of intermediate syndrome 24 0.23 NA NA 0.17, 0.31 0.0% <0.001
6 Incidence of rebound 45 0.15 NA NA 0.11, 0.20 0.0% <0.001
7 Incidence of respiratory failure 9 0.29 NA NA 0.19, 0.44 0.0% <0.001
8 The overall incidence of adverse reactions 44 0.19 NA NA 0.17, 0.22 39.0% <0.001
9 Incidence of blurred vision 32 0.27 NA NA 0.23, 0.32 44.0% <0.001
10 Incidence of thirst 7 0.65 NA NA 0.54, 0.79 54.6% <0.001
11 Incidence of urinary retention 37 0.20 NA NA 0.16, 0.24 45.0% <0.001
12 Incidence of tachycardia 54 0.17 NA NA 0.14, 0.20 52.4% <0.001
13 Incidence of fever 20 0.20 NA NA 0.15, 0.28 0.0% <0.001
14 Incidence of restlessness 36 0.26 NA NA 0.22, 0.29 1.3% <0.001
15 Incidence of disturbance of consciousness 12 0.27 NA NA 0.21, 0.34 31.9% <0.001
16 The total symptom disappearance time 94 NA NA -2.13 -2.35, -1.90 94.0% <0.001
17 Disappearance time of muscarinic symptoms 23 NA NA -1.92 -2.35, -1.50 93.2% <0.001
18 Disappearance time of nicotinic symptoms (hours) 10 NA -3.74 NA -4.74, -2.74 97.9% <0.001
19 Disappearance time of central nervous system symptoms (hours) 9 NA -6.71 NA -9.18, —4.23 96.7% 0.001

20 Time for cholinesterase activity to return to normal value 50-60% 112 NA NA -1.87 -2.03, -1.70 91.4% <0.001
21 Coma time (hours) 17 NA -5.57 NA -7.20, -3.95 98.1% <0.001
22 Mechanical ventilation time (days) 12 NA -2.16 NA -2.79, -1.53 97.6% <0.001

CIL: Confidence intervals; NA: Not applicable; RR: Risk ratios; SMD: Standard mean difference; WMD: Weighted mean difference.

of delayed polyneuropathy was significantly reduced in the PHC
group (RR=0.28, 95% CI: 0.13-0.59, P=0.001, Supplementary
Figure 3).

The incidence of intermediate syndrome

Twenty-four studies reported the incidence of intermedi-
ate syndrome. As =0.0%, we used the fixed effect model.
The result showed the incidence of intermediate syndrome was
greatly reduced in the PHC group (RR=0.23, 95% CI: 0.17-0.31,
P <0.001, Supplementary Figure 4).

The incidence of rebound

In all, 45 studies reported the incidence of rebound. As
I2=0.0%, we used the fixed effect model. The result showed
the incidence of rebound was distinctly reduced in the PHC
group (RR=0.15, 95% CI: 0.11-0.20, P < 0.001, Supplementary
Figure 5).

The incidence of respiratory failure

Only 9 studies reported the incidence of respiratory failure.
As I2=0.0%, we used the fixed effect model. The result suggested
that the incidence of respiratory failure was greatly reduced in
the PHC group (RR=0.29, 95% CI: 0.19-0.44, P <0.001, Supple-
mentary Figure 6).

The overall incidence of adverse reactions

The overall incidence of adverse reactions was the sum of
all kinds of adverse reactions in the studies, as shown in Sup-
plementary Table 4. In all, 44 studies reported the overall in-
cidence of adverse reactions. As I*’=39.0%, we used the fixed
effect model. The result indicated that the overall incidence of
adverse reactions was significantly reduced in the PHC group
(RR=0.19, 95% CI: 0.17-0.22, P <0.001, Supplementary Figure
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7). The P-value of Egger’s test was 0.037, which indicated publi-
cation bias. The correction result of the trim and fill method was
not very different from the previous result, indicating that the
result was robust (RR = 0.27, 95% CI: 0.12-0.41, and P < 0.001).

The incidence of blurred vision

Thirty-two studies reported the incidence of blurred vision.
As I’=44.0%, we used the fixed effect model. The result showed
that the incidence of blurred vision was significantly reduced in
the PHC group (RR=0.27, 95% CI: 0.23-0.32, P <0.001, Supple-
mentary Figure 8).

The incidence of thirst

Only 7 studies reported the incidence of thirst. As ?’=54.6%,
which indicated large heterogeneity, we used the random ef-
fect model. The result showed that the incidence of thirst was
greatly reduced in the PHC group (RR=0.65, 95% CI: 0.54-0.79,
P <0.001, Supplementary Figure 9).

The incidence of urinary retention

A total of 37 studies reported the incidence of urinary re-
tention. As I’=45.0%, we used the fixed effect model. The re-
sult suggested that the incidence of urinary retention was dis-
tinctly reduced in the PHC group (RR=0.20, 95% CI: 0.16-0.24,
P <0.001, Supplementary Figure 10).

The incidence of tachycardia

A total of 54 studies reported the incidence of tachycardia.
As 2=52.4%, we used the random effect model. The result indi-
cated that the incidence of tachycardia was greatly reduced in
the PHC group (RR=0.17, 95% CI: 0.14-0.20, P <0.001, Supple-
mentary Figure 11).
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Study %
D RR (95% CI) Weight
Liu junli 2020 g : 0.09 (0.01, 0.69) 222
Tian jing 2019 —_—— 0.33(0.07, 1.57) 1.21
Chen wenzhong 2018 —- T 0.11 (0.01, 1.89) 0.91
Chang xinhai 2016 —_— 1 0.40 (0.09, 1.86) 1.01
Ding dongmei 2016 + 0.20 (0.01, 3.88) 0.50
Jin jiming 2016 -4~ 0.14 (0.01, 2.70) 0.71
Qin aili 2016 —_—— 0.25 (0.06, 1.11) 1.62
Wu yuankui 2016 ¢ 0.12 (0.02, 0.93) 1.63
Zhang shirui 2016 - - 0.50 (0.05, 4.94) 0.40
Zhu hongchao 2016 > 0.14 (0.02, 1.09) 1.41
Li shengdong 2015 g 0.25(0.03, 2.02) 0.81
Song jingfang 2015 ot 0.24 (0.03, 2.05) 0.83
Sun huquan 2015 —_— ] 0.40 (0.08, 1.90) 1.01
Zhang huilie 2015 —— 0.14 (0.02, 1.09) 1.41
Du pengcheng 2014 g 0.17 (0.02, 1.31) 1.21
Liao wei 2014 —t- 0.33(0.02, 7.32) 0.30
Luo ronghua 2014 —— 0.18 (0.02, 1.46) 1.07
Luo zhong 2014 ——— 0.19 (0.04, 0.83) 1.70
Peng xinfeng 2014 + 0.25(0.03, 1.98) 0.81
Wu xuansheng 2014 —— 0.11 (0.01, 0.81) 1.85
Zhang jieqing 2014 —— 0.16 (0.02, 1.24) 1.24
Zhong haijiang 2014 4 0.15(0.01, 2.74) 0.69
Zhu guihua 2014 — 0.09 (0.01, 0.67) 222
Zhu gionghua 2014 ————]— 0.40 (0.08, 1.92) 1.01
Gao yunxian 2013 +— 0.10(0.01, 1.71) 0.96
Tan yao 2013 +— 0.11 (0.01, 0.84) 1.82
Wen xiaozhi 2013 e o o 0.56 (0.22, 1.43) 1.82
Xiao moudong 2013 —_— 0.22 (0.05, 0.97) 1.71
Yuan hanning 2013 ——] 0.25 (0.06, 1.09) 1.62
Zhang aijun 2013 —- 0.33(0.04,2.91) 0.61
Zhang qirui 2013 —- 0.20 (0.02, 1.82) 0.76
He shiqing 2012 —— 0.14 (0.02, 1.09) 1.41
Li huajin 2012 — 0.11 (0.01, 0.84) 1.82
Li xiaotao 2012 + 0.17 (0.02, 1.30) 1.21
Liu yuanbo 2012 —— 0.25 (0.06, 1.09) 1.62
Song yanhong 2012 —_— 0.15 (0.04, 0.65) 2.64
Wang yanjiao 2012 g . 0.09 (0.01, 1.60) 1.11
Wu xinsheng 2012 —e 0.33(0.04, 2.83) 0.61
Zhang giaorong 2012 + 0.33 (0.04, 3.03) 0.61
Ai xiuzhen 2011 —_——] 0.24 (0.05, 1.11) 1.64
Gan weizhong 2011 g 0.24 (0.03, 2.13) 0.71
Liu mei 2011 —d 0.31 (0.04,2.74) 0.62
Luo weijian 2011 —_— 0.44 (0.12, 1.59) 1.40
Sun jixian 2011 —_—— 0.22 (0.05, 1.03) 1.70
Wu xingao 2011 —— I 0.06 (0.00, 0.95) 1.75
Zhu songjun 2011 —— 0.14 (0.02, 1.12) 1.41
Dai yong 2010 —— 0.27 (0.08, 0.93) 2.01
Guo guizhen 2010 ——] 0.31 (0.09, 1.04) 2.09
Wang yanzhe 2010 —- 0.33 (0.04, 3.03) 0.61
Wang yusheng 2010 —— 0.13 (0.02, 0.94) 1.62
Zhang ming 2010 + + 0.07 (0.00, 1.19) 1.38
Zhao dapeng 2010 —— 0.17 (0.02, 1.33) 1.21
Cao peiming 2009 —— 0.14 (0.01, 2.65) 0.71
Zeng zhonggiu 2009 —_—— 034 (0.15,0.77) 3.16
Fan yao 2009 g 0.11 (0.01, 0.81) 1.84
Kong juan 2009 —_—— 0.25(0.07, 0.85) 232
Ling xiaofang 2009 <€ + T 0.06 (0.00, 0.96) 1.64
Liu chengchan 2009 —_— 0.12(0.03, 0.48) 3.46
LV xinmin 2009 g 0.31 (0.04,2.57) 0.63
Qing guozhong 2009 + 0.23 (0.05, 1.05) 1.69
Wau xiurong 2009 _'-‘— 0.29 (0.07, 1.24) 1.41
Xie zhonghai 2009 g 0.20 (0.01, 3.85) 0.50
Xue giufang 2009 - 0.20 (0.02, 1.60) 1.01
Yu ning 2009 g 0.21 (0.01, 4.12) 0.49
Gong jianhua 2008 — 0.12(0.01, 2.16) 0.88
Huang guanghua 2008 —— 0.20 (0.05, 0.86) 2.02
Liu ronghua 2008 —_— 0.26 (0.06, 1.21) 1.35
Yang yanming2008 —-— 0.13 (0.01, 2.44) 0.74
Guo jin 2007 r— 0.10 (0.01, 1.71) 0.96
Hou juan 2007 € + - 0.06 (0.00, 0.96) 1.64
Zhang ningxiang 2007 — 0.11 (0.01, 1.97) 0.92
Huang zhiwen 2006 —:.— 0.31 (0.09, 1.04) 2.09
Su jinjun 2006 + 0.20 (0.01, 3.99) 0.50
Nan jiayan 2006 >— 0.10 (0.01, 0.79) 1.87
Xia xinzhong 2005 + 0.20 (0.01, 3.85) 0.50
Song zujun 2004 4 0.15 (0.02, 1.16) 1.40
Overall (I-squared = 0.0%, p = 1.000) [0 0.20 (0.16, 0.25) 100.00
I
1
1 I
Figure 3. Forest plot of mortality rate. CI: Confidence intervals; RR: Risk ratios.
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The incidence of fever

Twenty studies reported the incidence of fever. As I=0.0%,
we used the fixed effect model. The result suggested that
the incidence of fever was distinctly reduced in the PHC
group(RR=0.20, 95% CI: 0.15-0.28, P<0.001, Supplementary
Figure 12]).

The incidence of restlessness

A total of 36 studies reported the incidence of restlessness.
As I’=1.3%, we used the fixed effect model. The result showed
that the incidence of restlessness was significantly reduced in
the PHC group (RR = 0.26, 95% CI: 0.22-0.29, and P <0.001,
Supplementary Figure 13).

The incidence of disturbance of consciousness

Only 12 studies reported the incidence of disturbance of con-
sciousness. As I°=31.9%, we used the fixed effect model. The
result suggested that the incidence of disturbance of conscious-
ness was distinctly reduced in the PHC group (RR=0.27, 95%
CIL: 0.21-0.34, P <0.001, Supplementary Figure 14).

The total symptom disappearance time

The total symptom disappearance time refers to the time
when all symptoms of the patient have disappeared, including
muscarinic, nicotine, and central nervous system symptoms. A
total of 94 studies reported the total symptom disappearance
time. The time units of nine studies were days, of 10 studies
were minutes, and the rest were hours. Here, we use SMD to
calculate effect size. As ?=94.0%, which indicated large hetero-
geneity, we used the random effect model. The result indicated
that the total symptom disappearance time was significantly re-
duced in the PHC group (SMD = —2.13, 95% CI: —2.35 to —1.90,
P < 0.001, Supplementary Figure 15). The P-value of Egger’s
test was <0.05, which indicated publication bias. The correc-
tion result of the trim and fill method was not very different
from the previous results, suggesting that the result was robust
(SMD= -2.57, 95% CI: —2.83 to —2.30, P <0.001).

The disappearance time of muscarinic symptoms

Twenty-three studies reported the disappearance time of
muscarinic symptoms, including 18 studies in hours and 5 stud-
ies in days. SMD was used to calculate effect size. Because
I1°=93.2%, the random effects model was used. The result indi-
cated that the disappearance time of muscarinic symptoms was
distinctly reduced in the PHC group apparently(SMD= —1.92,
95% CI: —2.35 to —1.50, P <0.001, Supplementary Figure 16).

The disappearance time of nicotinic symptoms

Only 10 studies reported the disappearance time of nico-
tinic symptoms, all in hours. As I?=97.9%, we used the random
effect model. The result showed that the disappearance time
of nicotinic symptoms was greatly reduced in the PHC group
(WMD = —-3.74, 95% CI: —4.74 to —2.74, P <0.001, Supplemen-
tary Figure 17).
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The disappearance time of central nervous system symptoms

Only 9 studies reported the disappearance time of central
nervous system symptoms, all in hours. As I’=96.7%, we used
the random effect model. The result suggested that the disap-
pearance time of central nervous system symptoms was dis-
tinctly reduced in the PHC group (WMD= -6.71, 95% CI: —9.18
to —4.23, P=0.001, Supplementary Figure 18).

Time for cholinesterase activity to return to normal value
50-60%

In all, 112 studies included the time for cholinesterase ac-
tivity to return to normal value 50-60%. The time units of 25
studies were days, of 2 studies were minutes, and the rest were
hours. We used SMD to calculate effect size. As I’=91.4%, we
used the random effect model. The result indicated that the time
for cholinesterase activity to return to normal value 50-60%
was significantly reduced in the PHC group (SMD = —1.87, 95%
CL: —2.03 to —1.70, P < 0.001, Supplementary Figure 19). The
P-value of Egger’s test was <0.05, which showed publication
bias. The correction result of the trim and fill method was not
very different from the previous results, which meant that the
impact of publication bias was small and the result was robust
(SMD= -2.06, 95% CI: —2.25 to —1.88, P <0.001).

Coma time

Seventeen studies reported coma time, only 1 in minutes and
the others in hours. We converted the study into hours and
then performed statistical calculations. As 1?°=98.1%, we used
the random effect model. The result showed that the coma time
was distinctly reduced in the PHC group (WMD= -5.57, 95%
CL: -7.20 to —3.95, P <0.001, Supplementary Figure 20). The
P-value of Egger’s test was 0.041, which indicated publication
bias. The correction result of the trim and fill method was not
very different from the previous results, showing that the result
was robust (WMD= —6.61, 95% CI: —8.75 to —4.47, P < 0.001).

Mechanical ventilation time

Only 12 studies reported the mechanical ventilation time, of
which 2 were in hours, and the others in days. We converted the
2 studies in hours into days and analyzed them together with
other studies. As I’=97.6%, we used the random effect model.
The result showed that the mechanical ventilation time was dis-
tinctly reduced in the PHC group (WMD= —-2.16, 95% CI: —2.79
to —1.53, P < 0.001, Supplementary Figure 21). The P-value of
Egger’s test was 0.350, and so there was no publication bias.

Discussion

Our meta-analysis included 20,797 subjects from 240 stud-
ies in 242 different hospitals across China. The results showed
that as an anticholinergic drug for AOPP, PHC has many ad-
vantages over atropine. First, the PHC group showed decreased
mortality rate, and reduced hospitalization time, incidence of
various complications, and incidence of various adverse reac-
tions. Moreover, it was also associated with reduced time for
disappearance of the three main symptoms of AOPP. Finally,
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the time for cholinesterase activity to return to normal value
50-60%, coma time, and mechanical ventilation time were also
reduced with PHC treatment.

In the human body, the M, receptor is mainly distributed in
the central ganglion, while the M, receptor is mainly distributed
in smooth muscles and glands, and PHC can selectively act on
them. The drug can also act on N; and N, receptors, cross the
blood-brain barrier, and play a strong central and peripheral
anticholinergic role.?”*! The absorption rate of PHC in the body
is very fast. After 2 min, PHC could be detected in the blood
of all subjects, and the blood concentration reaches a peak in
20-30 min.'””¥ In the use of anticholinergic drugs in AOPP,
choosing PHC instead of atropine can better, faster, and more
comprehensively control the symptoms of central nervous sys-
tem poisoning and a series of poisoning symptoms such as in-
creased secretions of the gastrointestinal tract, respiratory tract,
and glands.?”]

AOPP can cause cardiac damage and hemodynamic abnor-
malities by causing cellular hypoxia, interfering with myocar-
dial cell membrane ion channels and inflammation.*?! The M,
receptor is the main subtype of M receptor in the heart. PHC has
no obvious selectivity for M, receptor, and so it has little effect
on heart rate. When the heart rate is abnormal (usually brady-
cardia) caused by AOPP, PHC can regulate the heart rate bidirec-
tionally through the post-cardiac sympathetic nervous system
and the M; and M, receptors in the cardiovascular center, so that
the heart rate gradually returns to normal, while atropine often
causes tachycardia and increased myocardial oxygen consump-
tion 2752761 In an AOPP test for mice, in terms of morphology,
light microscopy and electron microscopy indicated that the de-
gree of myocardial damage in the PHC group was significantly
mild. At the same time, the creatine kinase in the PHC group
was also lower.[27¢]

OP and their metabolites can directly damage hepatocytes,
cause hepatocyte edema, degeneration and necrosis, and inhibit
liver microsomal enzymes. Some patients may have different de-
grees of abnormal liver function and may have acute explosive
liver failure.[*?! An experiment on rats showed that lysosomal
release can be reduced by PHC and lipid peroxidation can be
inhibited by PHC, and it can also improve microcirculation to
inhibit liver inflammation. %]

Patients with AOPP often have convulsions that cause
changes in electroencephalogram (EEG). Another experiment on
rats showed that atropine could only partially resist the EEG
changes caused by AOPP, while PHC could completely resist the
EEG changes and reduce the number of convulsions, which was
significantly better than atropine. %]

Some studies suggested that oxidative stress promotes
the pathophysiological process of AOPP.!?7°-?611 Two studies
have proved that pretreatment with PHC can reduce my-
ocardial injury in cardiac ischemia-reperfusion injury, and
reduce lung histopathological changes, inhibit pulmonary
edema, reduce cytokine release and oxidative stress, and
inhibit lung cell apoptosis in acute lung injury caused
by pulmonary artery ischemia-reperfusion, to improve lung
function (2822831,

The studies included in our meta-analysis span >20 years.
More than 20,000 subjects in the 240 included studies were from
242 different hospitals across 29 provinces, municipalities, and
autonomous regions in China. Our sample size was larger and
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the outcomes were more comprehensive than the meta-analyses
[39-41] published in 2010-2012 in Chinese.

Our meta-analysis has some limitations. The methodologi-
cal quality of the studies varied. In random methods, allocation
concealment, and blinding of outcome assessment, the quality
of most articles was evaluated as unclear, and there was selec-
tive reporting for individual articles. All studies were conducted
in mainland China, which may have led to sampling bias. De-
spite a comprehensive search of the database, no gray literature
was found. Some outcomes were highly heterogeneous. The het-
erogeneity between these studies may have affected the validity
of the meta-analysis. Nevertheless, this meta-analysis did iden-
tify a series of advantages of PHC in the treatment of AOPP. We
recommend that PHC be the first choice in clinical treatment as
the anticholinergic drug of choice in AOPP, as it appears to have
more clinical benefits than atropine.

Conclusions

Our study suggested that PHC has a series of advantages over
atropine as an anticholinergic drug in AOPP. In future, we need
more high-quality research to prove our conclusion.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Conflicts of Interest

The authors declare that they have no known competing fi-
nancial interests or personal relationships that could have ap-
peared to influence the work reported in this paper.

Supplementary materials

Supplementary material associated with this
ticle can be found, in the online version,
doi:10.1016/j.jointm.2022.07.006.

ar-
at

References

[1

—

Nurulain SM. Different approaches to acute organophosphorus poison treatment. J
Pak Med Assoc 2012;62(7):712-17.

Bird SB, Krajacic P, Sawamoto K, Bunya N, Loro E, Khurana TS. Pharmacother-
apy to protect the neuromuscular junction after acute organophosphorus pesticide
poisoning. Ann N Y Acad Sci 2016;1374(1):86-93. doi:10.1111/nyas.13111.
Perera PM, Jayamanna SF, Hettiarachchi R, Abeysinghe C, Karunatilake H,
Dawson AH, et al. A phase II clinical trial to assess the safety of
clonidine in acute organophosphorus pesticide poisoning. Trials 2009;10:73.
doi:10.1186/1745-6215-10-73.

Elsinghorst PW, Worek F, Thiermann H, Wille T. Drug development for the manage-
ment of organophosphorus poisoning. Expert Opin Drug Discov 2013;8(12):1467—
77. d0i:10.1517/17460441.2013.847920.

Wang Y, Gao Y, Ma J. Pleiotropic effects and pharmacological proper-
ties of penehyclidine hydrochloride. Drug Des Devel Ther. 2018;12:3289-99.
doi:10.2147/DDDT.S177435.

Eddleston M. Novel Clinical Toxicology and Pharmacology of Organophospho-
rus Insecticide Self-Poisoning. Annu Rev Pharmacol Toxicol 2019;59:341-60.
doi:10.1146/annurev-pharmtox-010818-021842.

Liang MJ, Zhang Y. Clinical analysis of penehyclidine hydrochloride combined with
hemoperfusion in the treatment of acute severe organophosphorus pesticide poi-
soning. Genet Mol Res 2015;14(2):4914-19. doi:10.4238/2015.May.11.24.
Wenjie T, Xiaoming Q, Xuehao W, Zhong W, Shinan N, Shiyu Y,
et al. Treatment of severe organophosphorus poisoning with penehy-
clidine hydrochloride. J Clin Anesth 2005;21(6):386-8 (in Chinese).
doi:10.3969/j.issn.1004-5805.2005.06.008.

Yu SY, Gao YX, Walline J, Lu X, Zhao LN, Huang YX, et al. Role of penehyclidine in
acute organophosphorus pesticide poisoning. World J Emerg Med 2020;11(1):37-
47. doi:10.5847 /wjem.j.1920-8642.2020.01.006.

[2]

[3

=

[4

=

[5]

[6

=

[7

—

8

i

[91


https://10.0.3.248/j.jointm.2022.07.006
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0001
https://doi.org/10.1111/nyas.13111
https://doi.org/10.1186/1745-6215-10-73
https://doi.org/10.1517/17460441.2013.847920
https://doi.org/10.2147/DDDT.S177435
https://doi.org/10.1146/annurev-pharmtox-010818-021842
https://doi.org/10.4238/2015.May.11.24
https://doi.org/10.3969/j.issn.1004-5805.2005.06.008
https://doi.org/10.5847/wjem.j.1920-8642.2020.01.006

S. Zeng, L. Ma, L. Yang et al.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Jixue S. Organophosphorus Poisoning: Use Good Medicine. In: 2017 China Poison-
ing Treatment Yichang Forum and the 9th National Poisoning and Critical Care
Symposium; 2017. p. 285. (in Chinese).

Shouzhi F, Luyu Y, Yun T, Hui D. Comparison of Changtuoning and atropine in
the treatment of acute severe organophosphorus pesticide poisoning. In: 2015 The
11th National Conference on Disaster Medicine of Integrated Traditional Chinese
and Western Medicine; 2015. p. 308-9. (in Chinese).

Haijiang Z, Wei Z, Zhong J, Lei H. Comparison of penehyclidine hydrochloride and
atropine in the treatment of patients with organophosphorus pesticide poisoning.
In: 2014 Zhejiang Annual Conference on Critical Medicine; 2014. p. 797-800. (in
Chinese).

Jixue S, Yadong Z. Observation of curative effect of 152 cases of acute organophos-
phorus poisoning treated by chlorofosdine shock dose therapy combined with small
dose of penehyclidine. In: The 17th World Disaster and Emergency Medicine Aca-
demic Conference and the 14th National Emergency Medicine Academic Annual
Conference; 2011. p. 520. (in Chinese).

Baolin B, Jixin Z, Zhaowei C, Ying Z. Clinical application and progress of penehy-
clidine hydrochloride. In: The 9th Military Emergency Medicine Academic Confer-
ence; 2011. p. 113-16. (in Chinese).

Zhanhai L. Penehyclidine hydrochloride in the treatment of 45 cases of acute severe
organophosphorus poisoning. In: The 13th National Emergency Medical Academic
Annual Meeting of emergency medicine branch of Chinese Medical Association;
2010. p. 319. (in Chinese).

Yamin F, Bing X, Tongjun C, Zengmin W. Clinical Analysis of Curing the Patients of
Acute Organophosphorus Pesticide Poinoning with Penehydridine Hydrochioride.
In: The 13th National Emergency Medical Academic Annual Meeting of Emergency
Medicine Branch of Chinese Medical Association; 2010. p. 312. (in Chinese).

Xilei G, Xiaoli H. Comparison of penehyclidine hydrochloride and atropine in the
treatment of acute organophosphorus pesticide poisoning. In: 2010 Peking Union
International Summit for Emergency Medicine; 2010. p. 389-91. (in Chinese).
Lingyun H, Jieqing Z, Shunhong T. Experience of penehyclidine hydrochloride re-
placing atropine in the treatment of patients with organophosphorus poisoning.
In: The 13th National Emergency Medical Academic Annual Meeting of emergency
medicine branch of Chinese Medical Association; 2010. p. 214. (in Chinese).
Jixue S, Aihua Z, Fanting K, Jing Y, Ailan C. Observation of curative effect on 76
cases of severe acute organophosphorus pesticide poisoning treated by shock dose
of chlorpyrifosin combined with small dose of penehyclidine. In: The 13th National
Emergency Medical Academic Annual Meeting of Emergency Medicine Branch of
Chinese Medical Association; 2010. p. 316. (in Chinese).

Liping S, Dafang W. Clinical observation of penehyclidine hydrochloride in the
treatment of acute organophosphorus poisoning. In: 2008 National Conference on
Critical and Emergency Medicine of Integrated Traditional Chinese and Western
Medicine; 2008. p. 209. (in Chinese).

Xiaoliang D, Xiaoli P. Evaluation of penehyclidine hydrochloride in the treatment of
organophosphorus pesticide poisoning. In: The 11th National Conference on Emer-
gency Medicine; 2006. p. 256. (in Chinese).

Wenjie T, Xuehao W, Xiaoming Q, Baohua X, Zhong W, Shinan N, et al. Pene-
hyclidine hydrochloride instead of atropine: Progress in the treatment of severe
organophosphorus poisoning. In: The 11th National Conference on Emergency
Medicine; 2006. p. 282. (in Chinese).

Ping L, Junshu D, Zhaorun L, Jianhua Y. Treatment Effect of Penehyclidime Hy-
drochloride in Rats with Omethoate Poisoning. In: The 11th National Conference
on Emergency Medicine; 2006. p. 254. (in Chinese).

Junshu D, Ping L, Hong X, Jianhua Y, Zhaorun L. Effect of penehyclidine hydrochlo-
ride on the diaphragm of rats with omethoate poisoning. In: The 11th National
Conference on Emergency Medicine; 2006. p. 255. (in Chinese).

Qingxiao G, Lingge J. Effect of penehyclidine hydrochloride on organophosphorus
pesticide poisoning. In: The Second National Symposium on Poisoning and Emer-
gency Treatment; 2005. p. 58. (in Chinese).

Wenjie T, Xuehao W, Xiaoming Q, Baohua X, Zhong W, Shinan N, et al. Pene-
hyclidine hydrochloride instead of atropine: Progress in the treatment of severe
organophosphorus poisoning. In: 2004 National Conference on Critical Care and
Emergency Medicine; 2004. p. 112. (in Chinese).

Qinglong D. A new anticholinergic drug — penehyclidine hydrochloride injection.
In: The first National Conference on Pharmaceutical Care and Research; 2004.
p. 124-6. (in Chinese).

Yankui H, Fanzhong Z. Antitoxic effects of penehyclidine hydrochloride and at-
ropine on the poisoning of organophosphorus pesticide methamidophos. In: 2000
Annual Conference of Chinese Pharmaceutical Association; 2000. p. 294-5. (in Chi-
nese).

Shuxian C, Likui W. Observation on curative effect of penehyclidine hydrochlo-
ride in treating acute organophosphorus pesticide poisoning. J Med Forum
2007(09):69-70 (in Chinese). doi:10.3969/].issn.1672-3422.2007.09.037.

Jimin W. Observation on the curative effect of penehyclidine hydrochloride
in the treatment of organophosphorus pesticide poisoning. Chin Health Care
2007;15(12):61-2 (in Chinese).

Guiqin L. Observation on the curative effect of penehyclidine hydrochlo-
ride in Treating 40 cases of organophosphorus pesticide poisoning. J Mod
Med Health 2007;20:3055-6 (in Chinese). doi:10.3969/j.issn.1009-5519.2007.
20.038.

Zhongfang X, Aiwen M, Ping G, Jiyang X, Xiaoxiang J, Jianbing H, et al. A clinical
study of penehyclidine hydrochloride as a substitute for atropine in treatment of
organophosphorus poisoning. J Clin Med Pract 2008;12(11):34-7 (in Chinese).
Xinmin L, Shidong M. Application of penehyclidine hydrochloride in the treatment
of severe organophosphorus pesticide poisoning. Med Innov China 2009;6(32):76—
7 (in Chinese). doi:10.3969/j.issn.1674-4985.2009.32.047.

179

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[571

[58]

[59]

[60]

Journal of Intensive Medicine 3 (2023) 171-184

Xinsheng W. Efficacy and safety of penehyclidine hydrochloride in the treatment
of organophosphorus poisoning. China Health Ind 2012;9(10):61 (in Chinese).
Qiaorong Z, Yanke X, Chunyan Z, Ligiang S. Clinical observation of penehyclidine
hydrochloride instead of atropine in the treatment of acute organophosphorus poi-
soning. J Mod Med Health 2012;28(24):3749-51 (in Chinese).

Huada C, Junxiong L, Bowen L. Analysis of teh clinical effect of penehy-
clidine instead of atropine in emergency treatment of acute organophos-
phorus pesticide poisoning. Mod Hosp 2012;12(09):26-8 (in Chinese).
doi:10.3969/j.issn.1671-332X.2012.09.010.

Congyin Y, Lanlan W, Jun Y. Clinical efficacy analysis of penehyclidine hydrochlo-
ride and atropine in the treatment of acute organophosphorus poisoning. J North
Phar 2015;12(09):147 (in Chinese).

Qiang L. Clinical observation of Changtuoning in the treatment of acute
organophosphorus pesticide poisoning. China Pract Med 2016;11(07):176-7 (in
Chinese). doi:10.14163/j.cnki.11-5547/r.2016.07.131.

Jingyi C, Bin D, Juying L. A meta-analysis of the effectiveness of the penehy-
clidine hydrochloride and atropine in treatment of acute organo- phosphorus
pesticide poisoning. Clin Misdiagnosis Mistherapy 2012;25(5):71-4 (in Chinese).
doi:10.3969/j.iss1.1002-3429.2012.05.042.

Zhang H, Zhang L, Huang J, Hu J. Meta analysis of atropine in treatment of acute
organophosphorus poisoning. Pharmaceutical Care and Research 2011;11(6):456—
8. doi:10.5428/pcar20110617.

Zhen L, Xinchuan W, Jie L, Yalan Y, Jinping W. Meta analysis of pene-
hyclidine hydrochloride and atropine in the treatment of acute organophos-
phorus poisoning. Chin J Ind Hyg Occup Dis 2010;28(1):63-5 (in Chinese).
doi:10.3760/cma.j.issn.1001-9391.2010.01.026.

CSoTPaToS Committee. Clinical guideline for the diagnosis and treatment
of acute organophosphorus pesticide poisoning (2016). Chin J Crit Care
Med 2016;36(12):1057-65 (in Chinese). doi:10.3969/j.issn.1002-1949.2016.
12.001.

Zhengjun Q. To analyze the clinical value of penehyclidine hydrochloride in the
treatment of acute organophosphorus poisoning. Health Manage 2021(20):58-9 (in
Chinese).

Yuanyuan H. Pharmacoeconomic analysis of penehyclidine and atropine in treat-
ment of patients with acute organophosphate poisoning. Med J Chin Peo-
ple Health 2020;32(14):118-20 (in Chinese). doi:10.3969/j.issn.1672-0369.2020.
14.047.

Shuwei M, Xiaohong T. Clinical efficacy of penehyclidine hydrochloride injection
in the treatment of organophosphorus pesticide poisoning. Chin J Clin Ration Drug
Use 2020;13(18):63-4 (in Chinese).

Junli L, Bin Z, Jinnan H. Practical application of Toning (pentehyclidine hydrochlo-
ride injection) in the rescue of acute organophosphorus pesticide poisoning. Elec-
tron J Clin Med Lit 2020(82):174-6 (in Chinese).

Jihua Z. Explore the clinical effect of Changtuoning in the treatment of acute
organophosphorus pesticide poisoning. World Latest Med Inf 2020;20(33):10-11
(in Chinese). doi:10.3969/j.issn.1671-3141.2020.33.004.

Chengcheng S. Analysis of the effect of Changtuoning combined with prali-
doxime chloride in the treatment of acute organophosphorus pesticide poisoning.
Renowned Doctor 2020(09):348-9 (in Chinese).

Yongxing L. Effects of penehyclidine hydrochoride combined with mechanical ven-
tilation in treatment of severe organophosphate poisoning. Med J Chin People
Health 2019;31(6):16-18 (in Chinese).

Wei Z. Effect of penehyclidine hydrochloride for the treatment of severe acute
organophosphorus pesticides poisoning on the recovery time of cholinesterase. Clin
Med Eng 2019;26(12):1679-80 (in Chinese).

Wanyu M. Comparison of clinical efficacy of changtoning and atropine in the treat-
ment of organophosphorus poisoning. Health Everyone 2019(06):255 (in Chinese).
Qi Y, Xing C. Effect of penehyclidine hydrochloride in patients with acute
organophosphorus poisoning complicated with heart injury. Strait Pharm J
2019;31(4):227-9 (in Chinese).

Jing T, Xiaohong H, Dandan S. Study on the effect of long-acting Toning in patients
with acute organophosphorus pesticide poisoning. J Math Med 2019;32(4):580-1
(in Chinese).

Haiming J, Shouqin H, Xiaofeng A. Effect of penehyclidine hydrochlo-
ride on organophosphorus pesticide poisoning and its effect on my-
ocardial zymogram. Guizhou Med J 2019;43(2):254-6 (in Chinese).
doi:10.3969/j.iss1.1000-744X.2019.02.028.

Xuemei T, Yong L, Tingitng L. A study of emergency measures and curative effect
of respiratory failure caused by organophosphorus pesticide poisoning. J Kunming
Med Univ 2018;39(06):71-5 (in Chinese).

Wenzhong C. Analysis on the possibility of changtoning replacing atropine as
the first choice for rescuing organophosphorus poisoning. Guide China Med
2018;16(24):112-13 (in Chinese).

Qingyun C. Clinical experience of penehyclidine hydrochloride in the treat-
ment of poisoning patients in emergency intensive care unit. J North Pharm
2018;15(03):194-5 (in Chinese).

Huabing Y. Analysis the therapeutic effect of penehyclidine hydrochloride
on severe acute organophosphorus pesticide poisoning. World Latest Med Inf
2018;18(36):115-16 (in Chinese).

Guoming L. Comparison of penehyclidine hydrochloride injection and atropine
combined with pralidoxime chloride in the treatment of organophosphorus
pesticide poisoning. J Qigihar Med Univ 2018;39(19):2268-9 (in Chinese).
do0i:10.3969/j.issn.1002-1256.2018.19.015.

Zhaohui J. Observation on the efficacy of Changtuoning and atropine in the treat-
ment of organophosphorus pesticide poisoning. Med Health 2017(12):292 (in Chi-
nese).


http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0010
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0011
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0012
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0013
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0014
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0015
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0016
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0017
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0018
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0019
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0020
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0021
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0022
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0023
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0024
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0025
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0026
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0027
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0028
https://doi.org/10.3969/j.issn.1672-3422.2007.09.037
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0030
https://doi.org/10.3969/j.issn.1009-5519.2007.\penalty -\@M 20.038
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0032
https://doi.org/10.3969/j.issn.1674-4985.2009.32.047
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0034
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0035
https://doi.org/10.3969/j.issn.1671-332X.2012.09.010
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0037
https://doi.org/10.14163/j.cnki.11-5547/r.2016.07.131
https://doi.org/10.3969/j.issn.1002-3429.2012.05.042
https://doi.org/10.5428/pcar20110617
https://doi.org/10.3760/cma.j.issn.1001-9391.2010.01.026
https://doi.org/10.3969/j.issn.1002-1949.2016.\penalty -\@M 12.001
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0043
https://doi.org/10.3969/j.issn.1672-0369.2020.\penalty -\@M 14.047
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0045
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0046
https://doi.org/10.3969/j.issn.1671-3141.2020.33.004
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0048
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0049
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0050
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0051
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0052
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0053
https://doi.org/10.3969/j.issn.1000-744X.2019.02.028
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0055
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0056
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0057
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0058
https://doi.org/10.3969/j.issn.1002-1256.2018.19.015
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0060

S. Zeng, L. Ma, L. Yang et al.

[61]

[62]

[63]

[64]

[65]

[66]

671

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

871

Yuyue L, Ping L. Application experience of Changtuoning (pentehycli-
dine hydrochloride injection) in the treatment of acute organophospho-
rus pesticide Poisoning. J North Pharm 2017;14(12):102-3 (in Chinese).
doi:10.3969/j.issn.1672-8351.2017.12.083.

Yongbo W. Comparative analysis of the efficacy of changtoning and atropine
on organophosphorus poisoning. J Front Med 2017;7(10):206-7 (in Chinese).
doi:10.3969/j.issn.2095-1752.2017.10.164.

Yong H. Observation on the effect of Changtuoning combined with venti-
lator in the treatment of critical organophosphorus poisoning. Henan Med
Res 2017;26(09):1648-50 (in Chinese). doi:10.3969/j.issn.1004-437X.2017.09.
068.

Xu Y, Zusheng M. Clinical effect of penehyclidine hydrochloride on acute
organophosphorus poisoning. Med Health 2017(9):60 (in Chinese).

Wansheng L, Daojian X, Linmin L, Xiang L, Jinliang C. Compar-
ison of clinical efficacy of penehyclidine hydrochloride and at-
ropine in the treatment of acute organophosphorus pesticide poi-
soning. Chin J Prim Med Pharm 2017;24(10):1520-3 (in Chinese).
doi:10.3760/cma.j.issn.1008-6706.2017.10.021.

Leihui W. Effects of penehyclidine hydrochloride on recovery time of patients with
acute organic phosphorus poisoning. Chin J Clin Ration Drug Use 2017;10(16):8-9
(in Chinese). doi:10.15887/j.cnki.13-1389/r.2017.16.005.

Lan Z. To study the drug therapeutic effect and precautions of acute organophos-
phorus pesticide poisoning. For All Health 2017;11(8):145 (in Chinese).

Jie Y, Chong L, Guihong Q. Efficacy of penehyclidine hydrochloride and atropine
in the treatment of acute organophosphorus pesticide poisoning. Health Everyone
2017(14):105 (in Chinese).

Hangying L. Evaluation and research on the effect of Changtuoning in the
treatment of severe acute organophosphorus pesticide poisoning. For All Health
2017;11(7):96-7 (in Chinese).

Aihong W, Shuqin H. Clinical efficacy of changtoning combined with
pralidoxime chloride in the treatment of acute severe organophosphorus
pesticide poisoning in ICU. J Med Inf 2017;30(6):131-2 (in Chinese).
doi:10.3969/j.issn.1006-1959.2017.06.083.

Yuankui W. Observation on the clinical effect of Changtuoning in the treat-
ment of 42 cases of acute severe organophosphorus poisoning. Heilongjiang
Med J 2016;40(10):929 (in Chinese). doi:10.3969/j.issn.1004-5775.2016.10.
022.

Xinhai C. Observation on the curative effect of emergency treatment for severe
organophosphorus pesticide poisoning. Electron J Clin Med Lit 2016;3(05):800-1
(in Chinese).

Xing W. Clinical study on penehyclidine hydrochloride in the treatment of severe
organophosphorus poisoning. Chin J Mod Drug Appl 2016;10(09):144-5 (in Chi-
nese). doi:10.14164/j.cnki.cn11-5581/1.2016.09.105.

Xiangdong L, Rongmei C, Guoke Y, Guangding T. Comparative study for clini-
cal effect on organophosphorus pesticide poisoning between penehyclidine hy-
drochloride injection and atropine. Pract J Cardiac Cereb Pneumal Vasc Dis
2016;24(09):67-70 (in Chinese). doi:10.3969/j.issn.1008-5971.2016.09.017.

Wei C, Lin Z, Qingling L, Fengdan L, Zhengping C, Yongsheng L. Difference
in delirium between treatment of acute organophosphorus pesticide poisoning
by penehyclidine and atropine. China J Mod Med 2016(11):68-71 (in Chinese).
doi:10.3969/j.issn.1005-8982.2016.11.014.

Shirui Z. Experience in rescue and treatment of acute organophosphorus
pesticide poisoning. World Latest Med Inf 2016;16(56):65-8 (in Chinese).
doi:10.3969/].issn.1671-3141.2016.56.042.

Peiyong H. Application comparison of penehyclidine hydrochloride and atropine
in the patients with acute organophosphorus pesticide poisoning. Chin Com-
mun Doctors 2016;32(21):49-51 (in Chinese). doi:10.3969/j.issn.1007-614x.2016.
21.28.

Mingyong D. Study on the effect of Changtuoning on acute organophosphorus pes-
ticide poisoning. Health Way 2016;15(04):42 (in Chinese).

Ling J. Clinical effect analysis of 40 cases of acute organophosphorus pesticide
poisoning. Health Everyone 2016(2):39 (in Chinese).

Jiming J, Qinglin W. Observation on the therapeutic effect of Changtuoning
in emergency patients with organophosphorus poisoning. World Latest Med Inf
2016;16(84):170 (in Chinese). doi:10.3969/].issn.1671-3141.2016.84.155.
Jianping L. Experience in clinical rescue and treatment of 80 cases of acute
organophosphorus pesticide poisoning. J Front Med 2016;6(25):75-6 (in Chinese).
Huicheng M, Jinxia H, Huiling M. Observation on the curative effect of pene-
hyclidine hydrochloride (Changtuoning) in the treatment of organophosphorus
pesticide poisoning. Chin J Clin Ration Drug Use 2016(14):46-7 (in Chinese).
doi:10.15887/j.cnki.13-1389/1.2016.14.027.

Hongchao Z. Comparative analysis of Changtuoning and atropine in the treatment
of acute organophosphorus pesticide poisoning. Clin Res 2016;24(5):99-100 (in
Chinese).

Fang Z. Clinical comparative analysis of two methods of drug treatment in acute
organophosphorus pesticide poisoning. J Front Med 2016(3):202-3 (in Chinese).
Dongmei D. Comparison of the clinical curative effect of penehyclidine hy-
drochloride and atropine in the treatment of organophosphorus poisoning.
Health Way 2016;32(23):90-1 (in Chinese). doi:10.3969/j.issn.1007-614x.2016.
23.55.

Deqing L, Ziyong L, Weihua C. Clinical effect of Changtuoning on myocardial injury
in patients with acute organophosphorus poisoning. Clin Med 2016;36(06):55-6 (in
Chinese).

Aili Q, 71 3. Analysis of clinical treatment methods for organophosphorus pesticide
poisoning. World Clin Med 2016;10(17) (in Chinese).

180

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[971

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

Journal of Intensive Medicine 3 (2023) 171-184

Yu G, Junjian Z, Shibin Z. Clinical comparison of different drugs in treatment of
acute organophosphorus pesticide poisoning. Hebei Med 2015(2):278-81 (in Chi-
nese). doi:10.3969/j.issn.1006-6233.2015.02.034.

Yijiong K. Comparison of the clinical effects of Changtuoning and atropine
in the treatment of acute organophosphorus pesticide poisoning. J Front Med
2015(1):159-60 (in Chinese).

Xiaoshan D. Effects of Changtuoning on cholinesterase activity and C-reactive
protein level in patients with organophosphorus pesticide poisoning. Med Forum
2015(31):4376-7 (in Chinese).

Tong Y. Efficacy analysis of changtuoning (Pentehyclidine) in the treatment of
organophosphorus poisoning. China Rural Health 2015(22):28-37 (in Chinese).
Shengdong L, Hongbing C. Observation on the effect of emergency treatment for
severe organophosphorus pesticide poisoning. J Med Inf 2015(25):201-2 (in Chi-
nese). doi:10.3969/j.issn.1006-1959.2015.25.279.

Qiang Y. Comparison of the efficacy of penehyclidine hydrochloride in-
jection and atropine in the treatment of acute organophosphorus pesti-
cide poisoning. Chin J Clin Ration Drug Use 2015(36) 71,5. (in Chinese).
doi:10.15887/j.cnki.13-1389/r.2015.36.035.

Qi W, Yucheng C, Jianhui H, Kangyi Y. The clinical analysis of 39 pa-
tients with acute organophosphorus pesticide poisoning treated by penehycli-
dine hydrochloride. Lingnan J Emerg Med 2015;20(05):411-12 (in Chinese).
do0i:10.3969/j.issn.1671-301X.2015.05.022.

Jingfang S. Efficacy observation of penehyclidine hydrochloride in the treatment
of myocardial injury in patients with acute organophosphorus poisoning. Contemp
Med 2015;21(24):141-2 (in Chinese). doi:10.3969/j.issn.1009-4393.2015.24.094.
Jiasong W, Anxiu L. Clinical efficacy of Changtuoning in the treat-
ment of organophosphorus pesticide poisoning and its effect on my-
ocardial enzymes. J Aerosp Med 2015;26(9):1123-4 (in Chinese).
doi:10.3969/j.issn.2095-1434.2015.09.044.

Huquan S. Comparative analysis of the effects of Changtuoning and atropine
in the treatment of organophosphorus pesticide poisoning. J Today Health
2015;14(11):46 (in Chinese).

Huilie Z. Clinical research of penehyclidine hydrochloride in the treatment of acute
organophosphorus pesticide poisoning. Chin J Mod Drug Appl 2015;9(13):5-7 (in
Chinese). doi:10.14164/j.cnki.cn11-5581/1.2015.13.003.

Huabin H, Haifeng C. Analysis of clinical rescue and treatment of 116 cases of acute
organophosphorus pesticide poisoning. J Baotou Med Coll 2015;31(04):76-7 (in
Chinese).

Honglin L. Comparative observation on the clinical effect of Chang-
tuoning and atropine in the treatment of acute organophosphorus pes-
ticide poisoning. World Latest Med Inf 2015;15(32):86 (in Chinese).
doi:10.3969/j.issn.1671-3141.2015.32.072.

Hongbo Z, Peiyuan D, Yuanxu T, Siyin Z, Yunkun T, Bin C, et al. Effect
of penehyclidine hydrochloride injection combined with atropine on acute
organophosphate poisoning. Chin J Pract Med 2015(13):57-9 (in Chinese).
doi:10.3760/cma.j.issn.1674-4756.2015.13.027.

Hong D, Gelian H, Xiuzhen Z, Liping L, Jie W. Clinical observation of penehyclidine
hydrochloride injection for emergency treatment of organophosphorus pesticide
poisoning. Med Commun 2015(3):1-3 (in Chinese).

Deyou M. Discussion on the application strategy of Changtuoning in the treatment
of organophosphorus pesticide poisoning. Women Health Res 2015(2):31 (in Chi-
nese).

Zizhou W, Zuo W, Jiangnan C, Heng L, Meixia Y. Comparation of penehyclidine
hydrochloride and atropine in treatment of acute organophosphorus pesticide poi-
soning. Anhui Med J 2014;35(03):285-7 (in Chinese).

Zhong L, Qigin R. Treatment experience of 50 cases of acute organophosphorus
pesticide poisoning. For All Health 2014;8(23):114-15 (in Chinese).

Xuansheng W, Nianfen X, Yangguang Y. Comparative efficacy analysis of chang-
tuoning and atropine in the treatment of acute organophosphorus pesticide poison-
ing. Clin Res 2014(11):67 (in Chinese).

Xinfeng P. Clinical study on penehyclidine hydrochloride in the treatment of
organophosphorus poisoning. Henan Med Res 2014;23(01):84-5 (in Chinese).
doi:10.3969/j.issn.1004-437X2014.01.042.

Wei L, Lei T. Observation of curative effect of Changtuoning on organophosphorus
pesticide poisoning. For All Health 2014;8(12):149 (in Chinese).

Ronghua L. Comparison of curative effect between Changtuoning and atropine
in the treatment of acute organophosphorus pesticide poisoning. For All Health
2014;8(06):158 (in Chinese). d0i:10.3969/j.issn.1009-6019.2014.03.182.
Qionghua Z. A comparative analysis of the therapeutic effects of Changtuoning
and atropine in acute organophosphorus poisoning. China Foreign Med Treat
2014;33(26):153-4 (in Chinese). doi:10.3969/j.issn.1674-0742.2014.26.082.
Pengcheng D, Yang W, Qingtao Q. Comparative observation on the effi-
cacy of changtoning and atropine in the treatment of organophosphorus
pesticide poisoning. China Health Care Nutr 2014;24(4):2244 (in Chinese).
doi:10.3969/j.issn.1004-7484(x)0.2014.04.552.

Jieqing Z. Comparative study of atropine and Changtuoning in emergency treat-
ment of severe organophosphorus pesticide poisoning complicated with res-
piratory failure. China Foreign Med Treat 2014;33(10):131-2 (in Chinese).
d0i:10.3969/j.issn.1674-0742.2014.10.094.

Jianhua Y. Observation on the curative effect of Changtuoning on acute
organophosphorus pesticide poisoning. Chin J Mod Drug Appl 2014;8(03):150-2
(in Chinese).

Haijiang Z, Wei Z, Zhong J, Lei H. Comparison of the effect of penehyclidine
hydrochloride and atropine in the treatment of patients with organophosphorus
pesticide poisoning. In: 2014 Zhejiang Acad Annu Meet Crit Care Med; 2014.
p. 797-800. (in Chinese).


https://doi.org/10.3969/j.issn.1672-8351.2017.12.083
https://doi.org/10.3969/j.issn.2095-1752.2017.10.164
https://doi.org/10.3969/j.issn.1004-437X.2017.09.\penalty -\@M 068
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0064
https://doi.org/10.3760/cma.j.issn.1008-6706.2017.10.021
https://doi.org/10.15887/j.cnki.13-1389/r.2017.16.005
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0067
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0068
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0069
https://doi.org/10.3969/j.issn.1006-1959.2017.06.083
https://doi.org/10.3969/j.issn.1004-5775.2016.10.\penalty -\@M 022
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0072
https://doi.org/10.14164/j.cnki.cn11-5581/r.2016.09.105
https://doi.org/10.3969/j.issn.1008-5971.2016.09.017
https://doi.org/10.3969/j.issn.1005-8982.2016.11.014
https://doi.org/10.3969/j.issn.1671-3141.2016.56.042
https://doi.org/10.3969/j.issn.1007-614x.2016.\penalty -\@M 21.28
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0078
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0079
https://doi.org/10.3969/j.issn.1671-3141.2016.84.155
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0081
https://doi.org/10.15887/j.cnki.13-1389/r.2016.14.027
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0083
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0084
https://doi.org/10.3969/j.issn.1007-614x.2016.\penalty -\@M 23.55
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0086
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0087
https://doi.org/10.3969/j.issn.1006-6233.2015.02.034
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0089
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0090
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0091
https://doi.org/10.3969/j.issn.1006-1959.2015.25.279
https://doi.org/10.15887/j.cnki.13-1389/r.2015.36.035
https://doi.org/10.3969/j.issn.1671-301X.2015.05.022
https://doi.org/10.3969/j.issn.1009-4393.2015.24.094
https://doi.org/10.3969/j.issn.2095-1434.2015.09.044
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0097
https://doi.org/10.14164/j.cnki.cn11-5581/r.2015.13.003
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0099
https://doi.org/10.3969/j.issn.1671-3141.2015.32.072
https://doi.org/10.3760/cma.j.issn.1674-4756.2015.13.027
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0102
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0103
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0104
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0105
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0106
https://doi.org/10.3969/j.issn.1004-437X2014.01.042
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0108
https://doi.org/10.3969/j.issn.1009-6019.2014.03.182
https://doi.org/10.3969/j.issn.1674-0742.2014.26.082
https://doi.org/10.3969/j.issn.1004-7484(x)0.2014.04.552
https://doi.org/10.3969/j.issn.1674-0742.2014.10.094
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0113
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0114

S. Zeng, L. Ma, L. Yang et al.

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

Guihua Z, Ye Y. Clinical observation of Changtuoning on acute organophosphorus
pesticide poisoning. Chin Commun Doctors 2014;30(01):32-3 (in Chinese).

Gaofu T, Xionghui L. Comparative analysis of clinical curative effect of
Changtuoning and atropine in the treatment of 64 cases of organophos-
phorus poisoning. China Health Stand Manage 2014;5(03):27-8 (in Chinese).
doi:10.3969/J.ISSN.1674-9316.2014.03.016.

Chang X. Observation on the curative effect of Changtuoning in the treatment of
severe acute organophosphorus poisoning. J Med Inf 2014(37):339 (in Chinese).
doi:10.3969/j.issn.1006-1959.2014.37.515.

Zhongyun W. Efficacy and safety observation of penehyclidine hydrochloride in
the treatment of organophosphorus poisoning. Inner Mong J Tradit Chin Med
2013;32(25):45-6 (in Chinese). doi:10.3969/j.issn.1006-0979.2013.25.049.
Zhongxing W. Analysis of curative effect of Changtuoning on acute severe
organophosphorus poisoning. China Health Ind 2013;10(31):136-8 (in Chinese).
Yunxian G. Analysis of clinical effect of Changtuoning on organophos-
phorus pesticide poisoning. Health Way 2013;12(9):193 (in Chinese).
doi:10.3969/j.issn.1671-8801.2013.09.208.

Yonggiang Z. Curative effect of penehycfidine hydrochloride injection in treatment
of acute organic phosphorus pesticide poisoning. China Med 2013;8(2):232-4 (in
Chinese). doi:10.3760/cma.j.issn.1673-4777.2013.02.038.

Yao T. Application effect of penehyclidine hydrochloride in patients with acute
organophosphorus pesticide poisoning. Contemp Med Symp 2013;11(08):285-6 (in

Chinese).
Xiaozhi W. Rescue treatment of acute organophosphorus pesti-
cide poisoning. China Mod Med 2013;20(15):193-4 (in Chinese).

doi:10.3969/j.issn.1674-4721.2013.15.096.

Xiaojun Y. Efficacy of Changtuoning in preventing rebound of acute organophos-
phorus pesticide poisoning. China Health Care Nutr 2013;23(05):1383-4 (in Chi-
nese). doi:10.3969/j.issn.1004-7484(s)0.2013.03.445.

Xiaodong W, Zhongyu W. Efficacy and myocardial enzyme spectrum
observation of Changtuoning in treating 38 cases of organophospho-
rus pesticide poisoning. Shaanxi Med J 2013;42(05):591-3 (in Chinese).
doi:10.3969/j.issn.1000-7377.2013.05.031.

Shijun M. Clinical analysis of penehyclidine hydrochloride in the treatment of acute
organophosphorus pesticide poisoning. Chin Foreign Med Res 2013;11(33):176-7
(in Chinese).

Rui Z, Yangpei Y. Analysis on curative effect of penehyclidine hydrochlo-
ride against AOPP acute organophosphates pesticides poisoning. Jilin Med J
2013;34(20):3993-5 (in Chinese). doi:10.3969/j.issn.1004-0412.2013.20.011.
Qirui Z, Jian G. Therapeutic effect of penehyclidine hydrochloride on acute
organophosphorus poisoning. Healthmust-Readmagazine 2013(8):466 (in Chi-
nese).

Moudong X. Research on penehyclidine in treatment of severe organophosphorus
poisoning. China Mod Doctor 2013;51(03):157-8 (in Chinese).

Meilan L. Observation on the curative effect of penehyclidine hydrochloride in
the treatment of organophosphorus poisoning. China Pharm 2013;22(A01):31 (in
Chinese).

Lina D, Guohua Z, Shuijiao Y, Longbiao H. Study on the rescue of organophosphorus
pesticide poisoning by penehyclidine hydrochloride (Changtuoning). China Health
Care Nutr 2013(12):198 (in Chinese).

Liangping H. To investigate the effect of penehyclidine hydrochloride on acute
organophosphorus pesticide poisoning. J Med Inf 2013(14):227 (in Chinese).
doi:10.3969/j.issn.1006-1959.2013.14.312.

Hanning Y. Clinical observation of penehyclidine hydrochloride combined
with pralidoxime chloride in the treatment of acute severe organophos-
phorus pesticide poisoning. Yiyao Qianyan 2013(7):71-2 (in Chinese).
doi:10.3969/j.issn.2095-1752.2013.07.069.

Gaofeng L. To investigate the efficacy of penehyclidine hydrochloride in the treat-
ment of organophosphorus poisoning. Contemp Med 2013;19(23):112-13 (in Chi-
nese).

Fanbu P, Lei P. Comparison of the clinical effects of Changtuoning and atropine
in the treatment of acute organophosphorus pesticide poisoning. Mod Diagn Treat
2013;24(11):2476 (in Chinese). doi:10.3969/j.issn.1001-8174.2013.11.054.
Cuilan L, Juan K. Comparison of clinical efficacy between Changtuon-
ing and atropine in the treatment of acute organophosphorus pesti-
cide poisoning. China J Pharm Econ 2013(03):248-62 (in Chinese).
doi:10.3969/j.issn.1673-5846.2013.03.131.

Aijun Z. Comparison of the clinical efficacy of changtuoning and atropine in
the treatment of acute organophosphorus pesticide poisoning. Chin J Clin Ra-
tion Drug Use 2013;6(17):71-2 (in Chinese). doi:10.3969/j.issn.1674-3296.2013.
17.050.

Zhu M, Wanhong Y, Jiasong W, Zhidong P. 24 cases of acute severe
organophosphorus pesticide poisoning were successfully treated by Changtuon-
ing instead of atropine. World Health Dig 2012(33):209-10 (in Chinese).
doi:10.3969/j.issn.1672-5085.2012.33.213.

Zhan X, Guangzhen P. Comparison of curative effect between Changtuoning and
atropine in the treatment of acute organophosphorus pesticide poisoning. J Front
Med 2012(23):200-1 (in Chinese).

Yuanbo L, Yihong H, Xianze C, Minghao Z. Comparative observation on the
curative effect of Changtuoning and atropine in the rescue of acute severe
organophosphorus poisoning. Med Innov China 2012;9(14):46-7 (in Chinese).
doi:10.3969/j.issn.1674-4985.2012.14.028.

Yi X, Xuezhi C, Yiqiang S. Observation of curative effect of treat-
ing acute organophosphorus pesticide poisoning with  penehycli-
dine hydrochloride. China Mod Med 2012;19(08):47-9 (in Chinese).

doi:10.3969/j.issn.1674-4721.2012.08.024.

181

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

Journal of Intensive Medicine 3 (2023) 171-184

Yanxia Z, Xianyi Y, Min X. comparative study of penehyclidinl9 hydrochloride and
atropine in treatment of acute organophosphate pesticide poisoning. J Med Forum
2012;33(10):3-5 (in Chinese).

Yanjiao W. Comparative study of curative effects of penehyclidine
hydrochloride and atropine in treating of organophosphorus pesti-
cide poisoning. Chin J Med Guide 2012;14(04):647-8 (in Chinese).
d0i:10.3969/j.iss1.1009-0959.2012.04.052.

Yanhong S, Chengkun Z. Clinical observation of Changtuoning in the treatment of
acute organophosphorus pesticide poisoning. China Pract Med 2012;7(35):163-4
(in Chinese). doi:10.3969/j.issn.1673-7555.2012.35.130.

Yali W, Hong M, Min C. Comparison of efficacy between penequinine hydrochlo-
ride and atropine in treatment of organic pesticide poisoning. Med J West China
2012;24(06):1134-6 (in Chinese). doi:10.3969/j.issn.1672-3511.2012.06.035.
Xin H. Efficacy analysis of penehyclidine hydrochloride in the treatment of acute
organophosphorus pesticide poisoning. Chin J Clin Res 2012;25(06):580-1 (in Chi-
nese).

Xiaotao L. Efficacy of penehyclidine hydrochloride instead of atropine in
the treatment of organophosphorus pesticide poisoning. Guide China Med
2012;10(06):95-6 (in Chinese).

Shiqing H. Efficacy observation of penehyclidine hydrochloride in the treatment of
acute organophosphorus pesticide poisoning. Contemp Med 2012;18(33):44-5 (in
Chinese). doi:10.3969/j.issn.1009-4393.2012.33.029.

Qing Q, Jinghua H. Comparison of curative effect between Changtuoning and at-
ropine in the treatment of organophosphorus pesticide poisoning. Guide China Med
2012;10(12):512-13 (in Chinese). doi:10.3969/j.issn.1671-8194.2012.12.390.
Min D. Observation on curative effect of Changtuoning in treating organophos-
phorus pesticide poisoning. J Med Inf 2012;25(12):69-70 (in Chinese).
doi:10.3969/j.iss1.1006-1959.2012.12.070.

Manyi W. Clinical observation of penehyclidine hydrochloride and atropine in
the treatment of acute organophosphorus pesticide poisoning. Med Innov China
2012;9(21):156-7 (in Chinese). doi:10.3969/j.issn.1674-4985.2012.21.103.

Maimaiti A, Manli W. Comparative of clinical efficacy of penehycli-
dine hydrochloride and atropine in treating organophosphorus pes-
ticide poisoning. China Med Herald 2012;9(18):102-3 (in Chinese).

doi:10.3969/j.issn.1673-7210.2012.18.046.

Liuping L. Effects of long-acting tuoning in the treatment of acute organophos-
phorus pesticide poisoning. J Front Med 2012;2(11):85-6 (in Chinese).
doi:10.3969/j.issn.2095-1752.2012.11.076.

Laifa L. Clinical analysis of penehyclidine hydrochloride treatment for acute organo
phosphate pesticide poisoning. China Med Herald 2012;9(16):92-3 (in Chinese).
d0i:10.3969/j.issn.1673-7210.2012.16.038.

Jinhua W. Clinical efficacy of Changtuoning in the treatment of acute organophos-
phorus poisoning. China Health Care Nutr 2012;22(12):2145-6 (in Chinese).
Jianhua X. Clinical analysis on penehvclidine hydrocllloride in treatineilt of
organophosphate poisoning. Harbin Med J 2012;32(01):16-17 (in Chinese).
do0i:10.3969/j.issn.1001-8131.2012.01.013.

Jian S. Application of penehyclidine hydrochloride in severe organophosphorus
poisoning. J Clin Emerg 2012;13(02):132-3 (in Chinese).

Huajin L. Clinical analysis of Changtuoning combined with pralidoxime chloride
in the treatment of acute organophosphorus pesticide poisoning. Asia-Pac Tradit
Med 2012;8(12):117-18 (in Chinese). doi:10.3969/j.issn.1673-2197.2012.12.067.
Yuezhang F. Comparison of curative effect between Changtuoning and atropine in
the treatment of acute organophosphorus pesticide poisoning. Chin Commun Doc-
tors 2011;13(34):100-1 (in Chinese). doi:10.3969/].issn.1007-614x.2011.34.097.
Yanxue D. A comparative study on the efficacy of penehyclidine hydrochloride and
atropine in the treatment of acute organophosphorus pesticide poisoning. Jilin Med
J 2011;32(36):7734 (in Chinese). doi:10.3969/j.issn.1004-0412.2011.36.071.
Xiuzhen A, Xuecai A. Clinical analysis of penehyclidine hydrochloride in the treat-
ment of organophosphorus pesticide poisoning. China Health Ind 2011;8(Z2):50-1
(in Chinese).

Xingao W. Clinical observation on 96 cases of acute organophosphorus pesticide
poisoning treated by Changtuoning. China Foreign Med Treat 2011;30(26):125-6
(in Chinese). doi:10.3969/j.issn.1674-0742.2011.26.095.

Xiaojun Y. Clinical analysis of penehyclidine in the treatment of 84 cases of acute
organophosphorus pesticide poisoning. Chin J Prim Med Pharm 2011;18(33):59-
60 (in Chinese). doi:10.3760/cma.j.issn.1008-6706.2011.23.084.

Weizhong G. Clinical effect of long-acting Toning in the rescue of 48 cases of
acute organophosphorus pesticide poisoning. J North Pharm 2011;8(2):44-5 (in
Chinese).

Weijian L. Clinical analysis of penehyclidine hydrochloride in the treatment
of acute organophosphorus pesticide poisoning. Int Med Health Guid News
2011(22):2779-81 (in Chinese). doi:10.3760/cma.j.issn.1007-1245.2011.22.021.
Songjun Z. Melatonin and pralidoxime long-term treatment of acute organophos-
phorus pesticide poisoning clinical study. China Mod Doctor 2011;49(24) 74-5,
130. (in Chinese). doi:10.3969/j.issn.1673-9701.2011.24.033.

Siting L. Therapeutic effect of penehyclidine hydrochloride to rescue severe acute
organophosphorus pesticide poisoning. China Med Herald 2011;8(01):78-80 (in
Chinese). doi:10.3969/j.issn.1673-7210.2011.01.036.

Qingxiang Z. Clinical analysis of 107 cases of senile acute organophospho-
rus pesticide poisoning treated with Changtuoning. J Chin Pract Diagn Ther
2011;25(06):622-3 (in Chinese).

Ping Z, Lihua L, Weiping W. Clinical observation of Changtuoning in the treat-
ment of severe organophosphorus poisoning: An analysis of 62 cases. Fujian Med
J 2011;33(4):126-7 (in Chinese). doi:10.3969/].issn.1002-2600.2011.04.063.

Mei L, Xiaogang L. Clinical observation of penehyclidine hydrochlo-
ride in the treatment of severe organophosphorus pesticide poisoning.


http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0115
https://doi.org/10.3969/J.ISSN.1674-9316.2014.03.016
https://doi.org/10.3969/j.issn.1006-1959.2014.37.515
https://doi.org/10.3969/j.issn.1006-0979.2013.25.049
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0119
https://doi.org/10.3969/j.issn.1671-8801.2013.09.208
https://doi.org/10.3760/cma.j.issn.1673-4777.2013.02.038
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0122
https://doi.org/10.3969/j.issn.1674-4721.2013.15.096
https://doi.org/10.3969/j.issn.1004-7484(s)0.2013.03.445
https://doi.org/10.3969/j.issn.1000-7377.2013.05.031
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0126
https://doi.org/10.3969/j.issn.1004-0412.2013.20.011
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0128
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0129
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0130
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0131
https://doi.org/10.3969/j.issn.1006-1959.2013.14.312
https://doi.org/10.3969/j.issn.2095-1752.2013.07.069
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0134
https://doi.org/10.3969/j.issn.1001-8174.2013.11.054
https://doi.org/10.3969/j.issn.1673-5846.2013.03.131
https://doi.org/10.3969/j.issn.1674-3296.2013.\penalty -\@M 17.050
https://doi.org/10.3969/j.issn.1672-5085.2012.33.213
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0139
https://doi.org/10.3969/j.issn.1674-4985.2012.14.028
https://doi.org/10.3969/j.issn.1674-4721.2012.08.024
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0142
https://doi.org/10.3969/j.issn.1009-0959.2012.04.052
https://doi.org/10.3969/j.issn.1673-7555.2012.35.130
https://doi.org/10.3969/j.issn.1672-3511.2012.06.035
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0146
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0147
https://doi.org/10.3969/j.issn.1009-4393.2012.33.029
https://doi.org/10.3969/j.issn.1671-8194.2012.12.390
https://doi.org/10.3969/j.issn.1006-1959.2012.12.070
https://doi.org/10.3969/j.issn.1674-4985.2012.21.103
https://doi.org/10.3969/j.issn.1673-7210.2012.18.046
https://doi.org/10.3969/j.issn.2095-1752.2012.11.076
https://doi.org/10.3969/j.issn.1673-7210.2012.16.038
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0155
https://doi.org/10.3969/j.issn.1001-8131.2012.01.013
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0157
https://doi.org/10.3969/j.issn.1673-2197.2012.12.067
https://doi.org/10.3969/j.issn.1007-614x.2011.34.097
https://doi.org/10.3969/j.issn.1004-0412.2011.36.071
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0161
https://doi.org/10.3969/j.issn.1674-0742.2011.26.095
https://doi.org/10.3760/cma.j.issn.1008-6706.2011.23.084
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0164
https://doi.org/10.3760/cma.j.issn.1007-1245.2011.22.021
https://doi.org/10.3969/j.issn.1673-9701.2011.24.033
https://doi.org/10.3969/j.issn.1673-7210.2011.01.036
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0168
https://doi.org/10.3969/j.issn.1002-2600.2011.04.063

S. Zeng, L. Ma, L. Yang et al.

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]

[195]

[196]

[197]

Mod J Integr Tradit Chin West Med 2011;20(30):3816-17 (in Chinese).
doi:10.3969/j.issn.1008-8849.2011.30.023.

Jixian S. Observation on curative effect of penehyclidine hydrochloride in treating
acute organophosphorus pesticide poisoning. China Pract Med 2011;6(01):124-5
(in Chinese). doi:10.3969/j.issn.1673-7555.2011.01.099.

Jingling Y. Efficacy comparison of penehyclidine and atropine for treatment of
acute organophosphorus poisoning. China Mod Med 2011;18(33):59-60 (in Chi-
nese). doi:10.3969/j.issn.1674-4721.2011.33.029.

Hongning Z, Zhiyong L. Clinical observation of penehyclidine hydrochlo-
ride in treating acute organophosphorus pesticide poisoning. China Mod Med
2011;18(07):60-1 (in Chinese). doi:10.3969/j.issn.1674-4721.2011.07.036.
Haiyan Z. Effects of long — acting Tuoning in the treatment of acute organophos-
phorus pesticide poisoning. Jilin Med J 2011;32(28):5930-1 (in Chinese).
doi:10.3969/j.issn.1004-0412.2011.28.044.

Guofeng Q. Clinical study of Changtuoning in the treatment of acute organophos-
phorus pesticide poisoning. J North Pharm 2011;8(01):95-6 (in Chinese).
doi:10.3969/j.issn.1671-301X.2010.03.039.

Zhiguang Y. Clinical observation on treatment of organophosphorus pesti-
cide poisoning with penehyclidine hydrochloride. Healthmust-Readmagazine
2010(5):113-14 (in Chinese).

Zhenhua Y, Yilong L. Comparison of curative effect between Changtuoning and
atropine in the treatment of acute organophosphorus pesticide poisoning. Clin Med
2010;30(06):67-9 (in Chinese). doi:10.3969/j.issn.1003-3548.2010.06.036.
Zhenan C. Experience of Changtuoning in the treatment of organophosphorus poi-
soning. J Qigihar Med Univ 2010;31(19):3091 (in Chinese).

Yusheng W, Xiaoyan P. Observation on curative effect of Changtuoning in treating
30 cases of organophosphorus pesticide poisoning. Health World 2010;4(11):64 (in
Chinese).

Yong D. Clinical observation of penehyclidine hydrochloride injection in the treat-
ment of severe organophosphorus pesticide poisoning. Chin Foreign Med Res
2010;8(17):65-6 (in Chinese). doi:10.3969/j.issn.1674-6805.2010.17.045.
Yanzhe W. Clinical observation of 30 cases of organophosphorus pesticide poison-
ing treated by Changtuoning. Chin Commun Doctors 2010;12(21):58 (in Chinese).
doi:10.3969/j.issn.1007-614x.2010.21.055.

Yangqin L, Fengxia Z, Fuhua W. Experience in the treatment of acute organophos-
phorus pesticide poisoning. Chin Health Care 2010(6):82-3 (in Chinese).

Wei D, Jining L, Rugi L, Bin H, Ying W. Comparative studies of penehycli-
dine hydrochloride and atropine treatment of acute organophosphorus pesti-
cide poisoning on 40 cases. Med Innov China 2010;7(23):7-9 (in Chinese).
doi:10.3969/j.issn.1674-4985.2010.23.004.

Shiyun Y. Clinical study on the treatment of organophosphorus pesticide poisoning
with Changtuoning and atropine. Guide China Med 2010;8(35):284-5 (in Chinese).
doi:10.3969/j.issn.1671-8194.2010.35.236.

Shan M. Comparative of curative effect of organophosphorus pesticides poison-
ing with Changtuoning and atropine. Clin Med 2010;30(01):33-4 (in Chinese).
doi:10.3969/j.issn.1003-3548.2010.01.016.

Ruijin L. Clinical study of Changtuoning in the treatment of acute organophospho-
rus pesticide poisoning. Lingnan J Emerg Med 2010;15(03):231-2 (in Chinese).
Qunzhen Y, Jun L. 48 cases of acute organophosphorus poisoning treated
by penehyclidine hydrochloride. Herald Med 2010;29(08):1034-6 (in Chinese).
doi:10.3870/yydb.2010.08.021.

Peiqing Q. Study of the effect of penehyclidime hydrochloride in treating
acute organophos-phoruspesticide poisoning (AOPP). Chin Youjiang Med J
2010;1(1):12-13 (in Chinese). doi:10.3969/j.issn.1003-1383.2010.01.005.

Ming Z, Haiming H, Xiang G. Penehyclidine hydrochloride and atropine treatment
of organophosphorus pesticide poisoning compare the effect. Chin J Med Guide
2010;12(05):805-6 (in Chinese). doi:10.3969/j.issn.1009-0959.2010.05.052.
Liping C. Clinical observation of penehyclidine hydrochloride in treating
organophosphorus poisoning. Guide China Med 2010;8(34):254-5 (in Chinese).
Jing Z, Dongqiang L. Observation on the effect of penehyclidine hy-
drochloride and atropine in the treatment of acute organophosphorus pesti-
cide poisoning. J Youjiang Med Univ Natl 2010;32(04):528-9 (in Chinese).
doi:10.3969/j.issn.1001-5817.2010.04.038.

Jianmin C. Observation on the clinical efficacy of Changtuoning and atropine
in the treatment of acute organophosphorus pesticide poisoning. Chin For-
eign Med Res 2010;8(19):65-6 (in Chinese). doi:10.3969/j.issn.1674-6805.2010.
19.041.

Hong H, Quan Z. Investigate the penehyclidine hydrochloride in acute severe
organophosphorus pesticide poisoning rescue efficacy. Chin Foreign Med Res
2010;8(3):53-4 (in Chinese). doi:10.3969/j.issn.1674-6805.2010.03.030.
Guizhen G. Efficacy observation of Changtuoning and atropine in the treatment of
acute organophosphorus pesticide poisoning. Qinghai Med J 2010;40(02):23-5 (in
Chinese).

Genping S. Clinical study on myocardial damage in patients with
organophosphorus  pesticide poisoning and penehyclidine hydrochloride
injection treatment. China Pract Med 2010;5(13):137-8 (in Chinese).
doi:10.3969/j.issn.1673-7555.2010.13.107.

Dianlian Z, Sai Y. Application of Changtuoning in acute organophospho-
rus insecticide poisoning. Med Innov China 2010;7(11):73-4 (in Chinese).
doi:10.3969/j.issn.1674-4985.2010.11.038.

Dapeng Z. A comparative study on the efficacy of penehyclidine hy-
drochloride and atropine in the treatment of acute organophosphorus
pesticide poisoning. Med Innov China 2010;4(20):134-5 (in Chinese).
doi:10.3969/j.issn.1673-9523.2010.20.123.

182

[198]

[199]

[200]

[201]

[202]

[203]

[204]

[205]

[206]

[207]

[208]

[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

[217]

[218]

[219]

[220]

[221]

[222]

[223]

[224]

Journal of Intensive Medicine 3 (2023) 171-184

Zuodian Y. Clinical observation of penehyclidine hydrochloride in the treat-
ment of severe acute organophosphorus pesticide poisoning. Guide China Med
2009;7(11):61-2 (in Chinese).

Zhongqiu Z. Efficacy analysis of penehyclidine hydrochloride in the treatment of
38 elderly patients with acute organophosphorus pesticide poisoning. Hainan Med
J 2009;20(05):53-4 (in Chinese). doi:10.3969/].issn.1003-6350.2009.05.021.
Zhonghai X. Study on the curative effect of Changtuoning on acute organophos-
phorus pesticide poisoning. China Pract Med 2009;4(17):156-7 (in Chinese).
doi:10.3969/j.issn.1673-7555.2009.17.127.

Zhijie H, Jie L, Zitong H. Penehyclidine hydrochloride and atropine
on organophosphorus poisoning results of multi-center: A prospec-
tive comparative study. Jilin Med J 2009;30(21):2644-6 (in Chinese).
doi:10.3969/j.iss1.1004-0412.2009.21.048.

Yao F, Guang D, Weiquan L. 36 cases of severe organophosphorus pesticide poi-
soning treated with penehyclidine hydrochloride. Herald Med 2009;28(06):755-6
(in Chinese). doi:10.3870/yydb.2009.06.035.

Yanying W, Fenggin L. Efficacy of penehyclidine combined with pralidoxime chlo-
ride in the treatment of organophosphorus pesticide poisoning. Clin Med China
2009(08):844-5 (in Chinese). doi:10.3760/cma.j.issn.1008-6315.2009.08.025.
Xiurong W, Tao L, Huanze L, Ping H. The clinical observation of penehy-
clidine hydrochloride injection on treating acute organophosphorus pesticide
poisoning. Chin Med Mod Dist Educ China 2009;7(06):149-50 (in Chinese).
doi:10.3969/j.issn.1672-2779.2009.06.058.

Xiaohong Z. A comparative study on the treatment of acute organophosphorus pes-
ticide poisoning by different methods. Asia-Pac Tradit Med 2009;5(12):101-2 (in
Chinese).

Xiaofang L, Xueming B. A comparative study on the efficacy of Chang-
tuoning and atropine in the treatment of acute organophosphorus pesti-
cide poisoning. China Foreign Med Treat 2009;28(15):82-4 (in Chinese).
do0i:10.3969/j.issn.1674-0742.2009.15.068.

Sumei H. Penehyclidine hydrochloride in the treatment of organophos-
phorus pesticide poisoning. Clin Med 2009;29(05):65-6 (in Chinese).
doi:10.3969/j.issn.1003-3548.2009.05.039.

Qiufang X. Observation on the curative effect of Changtuoning and atropine in
the treatment of acute organophosphorus pesticide poisoning. China Med Herald
2009;6(19):98-9 (in Chinese). doi:10.3969/j.issn.1673-7210.2009.19.051.

Peiming C. Clinical analysis of treatment by Penehyclidine Hy-
drochloride  Injection for acute  organophosphor  pesticide  tox-
icosis. J Mod Med Health 2009;25(13):1965-7 (in  Chinese).

doi:10.3760/cma.j.issn.1674-4756.2007.15.022.

Ning Y, Yutao T. Analysis of curative effect between changtuoning and atropine on
cases with organophosphorus poisoning. Chin J N Clin Med 2009;2(01):48-50 (in
Chinese). doi:10.3969/j.issn.1674-3806.2009.01.017.

Juan K. Clinical observation of penehyclidine hydrochloride in the treatment of
acute severe organophosphorus poisoning. Chin J Pract Med 2009(12):75-6 (in
Chinese). doi:10.3760/cma.j.issn.1674-4756.2009.12.045.

Jiong Z. Comparison of the efficacy of Changtuoning and atropine in the rescue
of organophosphorus pesticide poisoning. China Pract Med 2009;4(33):35-6 (in
Chinese). doi:10.3969/j.issn.1673-7555.2009.33.021.

Huimin H, Jie L, Youtang Z. Clinical analysis of long-acting Tuoning in the treat-
ment of organophosphorus pesticide poisoning. World Health Dig 2009;6(3):39-40
(in Chinese). doi:10.3969/j.issn.1672-5085.2009.03.030.

Haiyan S, Yalong H. Treatment of acuet organophosphorlls pesticides poisoning
with long effective Tuoning. J Mod Med Health 2009;25(19):2898-9 (in Chinese).
Guozhong Q, Xiaohe Z, Xiying L, Jing Y. The influence on the complications of
patients suffered acute organophosphate pesticide poisoning treated with penehy-
clidine hydrochloride. China J Mod Med 2009;19(22):3453-5 (in Chinese).
Chengchan L, Mingyong C, Ruxi L, Kui Z, Min L, Jie Z. Curative of penehyclidine hy-
drochloride for moderate and severe organophosphorus pesticide poisoning. Chin
J Gen Pract 2009;7(07):721-2 (in Chinese).

Baomin L, Yan D. Observation of curative effect of Changtuoning on 52 cases of
acute organophosphorus poisoning. Shandong Med J 2009;49(38):90 (in Chinese).
Yuhong Z. Efficacy observation of penehyclidine hydrochloride in the treatment of
acute organophosphorus pesticide poisoning. Chin J Coal Ind Med 2008(11):1688
(in Chinese). doi:10.3969/].issn.1007-9564.2008.11.022.

Yanming Y, Yanying W, Lijie T. Observation on curative effect of penehyclidine in
treating organophosphorus pesticide poisoning. Chin J Difficult Complicated Cases
2008(02):98-9 (in Chinese).

Yanfei G. Comparison of curative effect of two different treatment
methods for acute organophosphorus pesticide poisoning. J North
China Univ Sci Technol (Health Sci Ed) 2008(03):341-2 (in Chinese).
doi:10.3969/j.iss1.1008-6633.2008.03.031.

Xuemei N. Clinical observation of penehyclidine hydrochloride injection in the
treatment of acute organophosphorus pesticide poisoning. Chin J Mod Drug Appl
2008(09):46-7 (in Chinese). doi:10.3969/].issn.1673-9523.2008.09.032.

Xiaoying C, Wenzhong X, Cheng L, Yonghui W. Observation on curative effect of
Changtuoning on acute organophosphorus pesticide poisoning. J Luzhou Med Coll
2008;31(06):648-9 (in Chinese). doi:10.3969/j.issn.1000-2669.2008.06.017.
Wen S, Yizhong H. Clinical observation of Changtuoning in the treatment of severe
organophosphorus pesticide poisoning. Intern Med 2008(04):547-8 (in Chinese).
doi:10.3969/j.issn.1673-7768.2008.04.037.

Weihua Z, Hua X. Study of penehyclidine hydrochloride on acute organophos-
phate poisoning. Lingnan J Emerg Med 2008(03):205-6 (in Chinese).
d0i:10.3969/j.issn.1671-301X.2008.03.021.


https://doi.org/10.3969/j.issn.1008-8849.2011.30.023
https://doi.org/10.3969/j.issn.1673-7555.2011.01.099
https://doi.org/10.3969/j.issn.1674-4721.2011.33.029
https://doi.org/10.3969/j.issn.1674-4721.2011.07.036
https://doi.org/10.3969/j.issn.1004-0412.2011.28.044
https://doi.org/10.3969/j.issn.1671-301X.2010.03.039
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0176
https://doi.org/10.3969/j.issn.1003-3548.2010.06.036
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0178
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0179
https://doi.org/10.3969/j.issn.1674-6805.2010.17.045
https://doi.org/10.3969/j.issn.1007-614x.2010.21.055
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0182
https://doi.org/10.3969/j.issn.1674-4985.2010.23.004
https://doi.org/10.3969/j.issn.1671-8194.2010.35.236
https://doi.org/10.3969/j.issn.1003-3548.2010.01.016
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0186
https://doi.org/10.3870/yydb.2010.08.021
https://doi.org/10.3969/j.issn.1003-1383.2010.01.005
https://doi.org/10.3969/j.issn.1009-0959.2010.05.052
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0190
https://doi.org/10.3969/j.issn.1001-5817.2010.04.038
https://doi.org/10.3969/j.issn.1674-6805.2010.\penalty -\@M 19.041
https://doi.org/10.3969/j.issn.1674-6805.2010.03.030
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0194
https://doi.org/10.3969/j.issn.1673-7555.2010.13.107
https://doi.org/10.3969/j.issn.1674-4985.2010.11.038
https://doi.org/10.3969/j.issn.1673-9523.2010.20.123
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0198
https://doi.org/10.3969/j.issn.1003-6350.2009.05.021
https://doi.org/10.3969/j.issn.1673-7555.2009.17.127
https://doi.org/10.3969/j.issn.1004-0412.2009.21.048
https://doi.org/10.3870/yydb.2009.06.035
https://doi.org/10.3760/cma.j.issn.1008-6315.2009.08.025
https://doi.org/10.3969/j.issn.1672-2779.2009.06.058
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0205
https://doi.org/10.3969/j.issn.1674-0742.2009.15.068
https://doi.org/10.3969/j.issn.1003-3548.2009.05.039
https://doi.org/10.3969/j.issn.1673-7210.2009.19.051
https://doi.org/10.3760/cma.j.issn.1674-4756.2007.15.022
https://doi.org/10.3969/j.issn.1674-3806.2009.01.017
https://doi.org/10.3760/cma.j.issn.1674-4756.2009.12.045
https://doi.org/10.3969/j.issn.1673-7555.2009.33.021
https://doi.org/10.3969/j.issn.1672-5085.2009.03.030
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0214
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0215
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0216
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0217
https://doi.org/10.3969/j.issn.1007-9564.2008.11.022
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0219
https://doi.org/10.3969/j.issn.1008-6633.2008.03.031
https://doi.org/10.3969/j.issn.1673-9523.2008.09.032
https://doi.org/10.3969/j.issn.1000-2669.2008.06.017
https://doi.org/10.3969/j.issn.1673-7768.2008.04.037
https://doi.org/10.3969/j.issn.1671-301X.2008.03.021

S. Zeng, L. Ma, L. Yang et al.

[225]

[226]

[227]

[228]

[229]

[230]

[231]

[232]

[233]

[234]

[235]

[236]

[237]

[238]

[239]

[240]

[241]

[242]

[243]

[244]

[245]

[246]

[247]

[248]

[249]

[250]

Shifeng T, Qi Z, Rixing W, Bai X. Regulation of changtonin on myocardial func-
tion in patients with acute organophosphorus pesticide poisoning. Shandong Med
J 2008(14):69-70 (in Chinese). doi:10.3969/j.issn.1002-266X.2008.14.036.
Rufang L, Guangyue Z, Fangling Z. Observation on 39 cases of acute organophos-
phorus pesticide poisoning treated with Changtuoning. J Youjiang Med Univ Natl
2008(03):399-400 (in Chinese). doi:10.3969/j.issn.1001-5817.2008.03.036.
Ronghua L. Observation on the efficacy of changtonin and atropine in the treatment
of organophosphorus pesticide poisoning. Chin Health Care 2008;16(2):65-6 (in
Chinese).

Ping D. Observation on curative effect of Changtuoning on organophospho-
rus pesticide poisoning. J Pract Med Tech 2008(30):4225-6 (in Chinese).
doi:10.3969/j.issn.1671-5098.2008.30.080.

Ling Z. Treatment of acute organophosphorus pesticide poisoning
with Changtuoning. Chin J Pract Med 2008(13):55-6 (in Chinese).
doi:10.3760/cma.j.issn.1674-4756.2008.13.034.

Jianhua G, Fengsheng C, Guangjue Q, Hailing H. Comparison of cura-
tive effect between Changtuoning and atropine in the treatment of acute
organophosphorus pesticide poisoning. China Med 2008;3(4):217-18 (in Chinese).
doi:10.3760/cma.j.issn.1673-4777.2008.04.012.

Hui Y, Zhiwei X. Analysis of the effect of Changtuoning on rebound of acute
organophosphorus pesticide poisoning. Chin J Crit Care Med 2008(12):1146-7 (in
Chinese). doi:10.3969/j.issn.1002-1949.2008.12.031.

Haiyan M, Ran B. Comparison of efficacy of captopril and atropine in the treatment
of acute organophosphorus pesticide poisoning. J Commun Med 2008(03):18-19
(in Chinese). doi:10.3969/j.issn.1672-4208.2008.03.013.

Guoliang L, Zhanlong C. Clinical observation of penehyclidine hydrochloride in
the treatment of acute organophosphorus pesticide poisoning. Zhejiang Clin Med J
2008(7):956-7 (in Chinese). doi:10.3969/].issn.1008-7664.2008.07.075.

Guixing Z. Efficacy analysis of Changtuoning in treating organophospho-
rus poisoning. Chin J Misdiagnostics 2008;8(27):6600-1 (in Chinese).
doi:10.3969/j.issn.1009-6647.2008.27.037.

Guanghua H, Dezhi N, Wenxi Z. Comparison of the effects of penehyclidine hy-
drochloride and atropine in the rescue of severe organophosphorus pesticide poi-
soning under mechanical ventilation. Guangxi Med J 2008(08):1174-5 (in Chi-
nese). doi:10.3969/j.issn.0253-4304.2008.08.030.

Bing W. Application of Changtuoning in the treatment of acute organophosphorus
pesticide poisoning. World Health Dig 2008;5(7) 171, 81. (in Chinese).

Zongbao H, Ting J, Lei K. Comparative study of curative effects of penehyclidine
hydrochloride and atropine in treatment of acute organophosphorus pesticide poi-
soning. China J Emerg Resuscitation Disaster Med 2007(09):520-2 (in Chinese).
d0i:10.3969/j.issn.1673-6966.2007.09.004.

Ziqgiang X, Jian L, Yan O. Comparative observation on penehycli-
dine hydrochloride and atropine in the treatment of organophospho-
rus pesticide poisoning. J Clin Emerg 2007;8(06):376-7 (in Chinese).
doi:10.3969/j.issn.1009-5918.2007.06.026.

Zhenwei Z. Clinical observation of Changtuoning in treating severe acute
organophosphorus pesticide poisoning. Chin Contemp Med Sci 2007;6(15):18-19
(in Chinese).

Yuehui Z. The study of penehyclidine hydrochloride for acute organophos-
phorus pesticide poisoning (AOPP). J Med Inf 2007(04):331-2 (in Chinese).
doi:10.3969/j.issn.1006-1959-C.2007.04.017.

Xin L. Clinical analysis of Changtuoning in the treatment of acute organophos-
phorus pesticide poisoning. Chin J Pract Med 2007;34(15):35-6 (in Chinese).
doi:10.3760/cma.j.issn.1674-4756.2007.15.022.

Suiqun W. Application of Changtuoning in the treatment of acute organophos-
phorus pesticide poisoning. China Med Herald 2007(11):77-141 (in Chinese).
doi:10.3969/j.issn.1673-7210.2007.11.054.

Ningxiang Z. Clinical observation of 70 cases of acute organophosphorus pesticide
poisoning treated with Changtuoning. Chin Commun Doctors 2007(12):56 (in Chi-
nese).

Lingzhen K, Aixia L, Jie L, Yuhua H, Guogiang L. Observation of curative effect of
Changtuoning on acute organophosphorus pesticide poisoning. J Chin Pract Diag
Ther 2007(01):63-4 (in Chinese). doi:10.3969/j.issn.1674-3474.2007.01.030.
Junmin W. Clinical observation on the treatment of acute organophosphorus poi-
soning with Changtuoning. Chin Mag Clin Med Prof Res 2007;13(21):3120-1 (in
Chinese).

Junli L, Lijuan G, Aihua Z. Comparison of the efficacy of Changtuoning and atropine
in the rescue of organophosphorus pesticide poisoning. Hebei Med J 2007(04):337-
8 (in Chinese). doi:10.3969/j.issn.1002-7386.2007.04.028.

Juan H. Observation on the effect of Changtuoning and atropine in the treatment
of acute organophosphorus poisoning. Chin J Misdiagnostics 2007(22):5246-7 (in
Chinese). doi:10.3969/j.iss1.1009-6647.2007.22.031.

Jing H, Shuhong Q, Hong L. Clinical analysis of Changtuoning in treating Acute
organophosphorus poisoning. Chin J Misdiagnostics 2007;7(24):5788-9 (in Chi-
nese). doi:10.3969/j.issn.1009-6647.2007.24.067.

Jin G, Xiaofei W. Clinical analysis of penehyclidine hydrochloride on patients with
organophosphorus pesticide poisoning. Chin J Gen Pract 2007(05):405-6 (in Chi-
nese). doi:10.3969/j.issn.1674-4152.2007.05.019.

Dongxiang W, Yongli D. Observation of curative effect of Changtuoning on 77
cases of acute organophosphorus pesticide poisoning. J Shanxi Health Vocat Coll
2007(02):36-7 (in Chinese). doi:10.3969/j.issn.1671-0126.2007.02.019.

183

[251]

[252]

[253]

[254]

[255]

[256]

[257]

[258]

[259]

[260]

[261]

[262]

[263]

[264]

[265]

[266]

[267]

[268]

[269]

[270]

[271]

[272]

[273]

[274]

[275]

[276]

[277]

Journal of Intensive Medicine 3 (2023) 171-184

Daging W, Meiping Z. Efficacy evaluation of penehyclidine hydrochloride in the
treatment of acute organophosphorus pesticide poisoning. China Med Herald
2007(15):70-95 (in Chinese). doi:10.3969/].issn.1673-7210.2007.15.047.
Chunhua C, Miaosheng L, Xiaomei Y, Caiping C, Zhaoxia L. Clini-
cal analysis of effects of changxiaotuoning on cases of organophospho-
rus poisoning. Chin Med J Metall Ind 2007(01):15-17 (in Chinese).
d0i:10.3969/j.issn.1005-5495.2007.01.006.

Bo L, Meibing L, Li C. Clinical observation on long-acting Tuoning in the treat-
ment of organophosphorus pesticide poisoning. China Med 2007;2(10):603-4 (in
Chinese). doi:10.3760/cma.j.issn.1673-4777.2007.10.016.

Benguang L. Clinical observation on treatment of organophosphorus pesticide poi-
soning by Changtuoning. J Snake 2007(4):298-9 (in Chinese).

Zhiwen H. Comparison of curative effect between Changtuoning and atropine
in the treatment of acute organophosphorus pesticide poisoning. J Pract
Med Tech 2006(18):3270-1 (in Chinese). doi:10.3969/j.issn.1671-5098.2006.
18.112.

Zhenhua J. Clinical analysis of 71 cases of organophosphorus poisoning treated
with penehyclidine hydrochloride. Occup Health 2006;22(20):1695 (in Chinese).
doi:10.3969/j.iss1.1004-1257.2006.20.032.

Yuying M, Guihua L, Rong Z. Clinical observation of Changtuoning in the treatment
of organophosphorus pesticide poisoning. J Nongken Med 2006(04):248-50 (in
Chinese). doi:10.3969/j.issn.1008-1127.2006.04.004.

Quanyun M, Kailiang Z, Xinjiang Y, Yu Z. Observation on the effect of Changtuon-
ing in the treatment of acute organophosphorus pesticide poisoning. Guangxi Med
J 2006(07):1028-9 (in Chinese).

Jinjun S, Jinhua C. Management of acute organophosphorus pesticide poison-
ing with penehyclidine hydrochloride. Dis Surveill 2006(16):673-5 (in Chinese).
doi:10.3784/j.iss1.1003-9961.2006.12.673.

Jiayan N, Xiaoyan G, Huiling L, Jiwei Y. Clinical observation of the ef-
fects of long-acting Tuoning in the treatment of acute organophosphorus pes-
ticide poisoning. J Xian Jiaotong Univ Med Sci 2006(06):622—4 (in Chinese).
doi:10.3969/j.issn.1671-8259.2006.06.031.

Guogiang C. Clinical observation of Changtuoning in treating severe acute
organophosphorus pesticide poisoning. Chin J Pract Med 2006(24):77-8 (in Chi-
nese). doi:10.3760/cma.j.issn.1674-4756.2006.24.054.

Bendao H, Dianhuai W, Ruihong J. Clinical observation of penehyclidine hy-
drochloride in the treatment of organophosphorus pesticide poisoning. J Clin Exp
Med 2006(09):1355 (in Chinese). doi:10.3969/j.issn.1671-4695.2006.09.062.
Zhiqiang B, Qilin Z. Observation of in Acute Organophosphorus Pesticide Poisoning
with Long Effective Tuoning. Lingnan J Emerg Med 2005;10(4):281-2 (in Chinese).
d0i:10.3969/j.issn.1671-301X.2005.04.019.

Xiujiang L, Jianhua Y, Junshu D. Observation on the effect of Changtuoning on 75
cases of acute organophosphorus pesticide poisoning. Jilin Med J 2005(10):1082-3
(in Chinese). doi:10.3969/j.issn.1004-0412.2005.10.031.

Xinzhong X. Clinical observation on treatment of organophosphorus pesticide
poisoning by Changtuoning substituting atropine. Chin Mag Clin Med Prof Res
2005;11(12):1669-70 (in Chinese).

Xianghong Z, Yuzhen W, Jin Z. Comparison of the clinical efficacy of Changtuoning
and atropine in the treatment of organophosphorus poisoning. Chin J Pract Med
2005(21):67-8 (in Chinese).

Qirui Z. Therapeutic effect of long-acting Toning on acute organophos-
phorus poisoning. Chin Youjiang Med J 2005;33(6):591-2 (in Chinese).
doi:10.3969/j.issn.1003-1383.2005.06.010.

Juhui W, Weihong X, Xindong J. Observation on curative effect of penehyclidine
hydrochloride in treating organophosphorus pesticide poisoning. Shandong Med J
2005(19):60 (in Chinese).

Zujun S, Liang G, Houyou Y, Songtao Z. Therapeutic effect of penehyclidine hy-
drochloride on acute organophosphorus pesticide poisoning. Int J Emerg Crit Care
Med 2004;1(4):261-3 (in Chinese).

Zhiwei H. Experience in the treatment of acute organophosphorus insecticide poi-
soning with Changtuoning. Chin J Clin Med Res 2004(127):13491-131492 (in Chi-
nese).

Jian L, Hengyun L, Zigiang X, Wenjie M. Observation on curative effect of pene-
hyclidine hydrochloride in treating acute organophosphorus pesticide poisoning.
Chin J Prev Med 2003;37(1):19 (in Chinese).

Linji G, Sutao Z, Jinfeng C, Changchun S. Treatment of acute organophosphorus
pesticides poisoning with long effective Tuoning. Chin J Clin Med 2000;7(3):294-6
(in Chinese).

Tao W. The world’s first new anticholinergic drug — Changtoning (penehyclidine
hydrochloride injection). China J Clin Med Hyg 2007;5(4):30-3 (in Chinese).
Shulan Y, Jianzhong Q. Pharmacokinetics of penehyclidine hydrochlo-
ride in healthy volenteers. J Instrum Anal 2001;20:28-9 (in Chinese).
do0i:10.3969/j.issn.1004-4957.2001.21.016.

Tao L, Qitong H, Huanqiu L, Haichun M, Yanhua F. Research status of clinical
application of penehyclidine hydrochloride. Jilin Med J 2009;30(17):2047-9 (in
Chinese).

Hong X. The effects of penehyclidine hydrochloride on the circulatory of rats with
omethoate poisoning. Jilin Univ 2005(6):56 (in Chinese).

Cai DS, Jin BB, Pei L, Jin Z. Protective effects of penehyclidine hydrochlo-
ride on liver injury in a rat cardiopulmonary bypass model. Eur J Anaesthesiol
2010;27(9):824-8. doi:10.1097/EJA.0b013e32833b650f.


https://doi.org/10.3969/j.issn.1002-266X.2008.14.036
https://doi.org/10.3969/j.issn.1001-5817.2008.03.036
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0227
https://doi.org/10.3969/j.issn.1671-5098.2008.30.080
https://doi.org/10.3760/cma.j.issn.1674-4756.2008.13.034
https://doi.org/10.3760/cma.j.issn.1673-4777.2008.04.012
https://doi.org/10.3969/j.issn.1002-1949.2008.12.031
https://doi.org/10.3969/j.issn.1672-4208.2008.03.013
https://doi.org/10.3969/j.issn.1008-7664.2008.07.075
https://doi.org/10.3969/j.issn.1009-6647.2008.27.037
https://doi.org/10.3969/j.issn.0253-4304.2008.08.030
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0236
https://doi.org/10.3969/j.issn.1673-6966.2007.09.004
https://doi.org/10.3969/j.issn.1009-5918.2007.06.026
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0239
https://doi.org/10.3969/j.issn.1006-1959-C.2007.04.017
https://doi.org/10.3760/cma.j.issn.1674-4756.2007.15.022
https://doi.org/10.3969/j.issn.1673-7210.2007.11.054
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0243
https://doi.org/10.3969/j.issn.1674-3474.2007.01.030
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0245
https://doi.org/10.3969/j.issn.1002-7386.2007.04.028
https://doi.org/10.3969/j.issn.1009-6647.2007.22.031
https://doi.org/10.3969/j.issn.1009-6647.2007.24.067
https://doi.org/10.3969/j.issn.1674-4152.2007.05.019
https://doi.org/10.3969/j.issn.1671-0126.2007.02.019
https://doi.org/10.3969/j.issn.1673-7210.2007.15.047
https://doi.org/10.3969/j.issn.1005-5495.2007.01.006
https://doi.org/10.3760/cma.j.issn.1673-4777.2007.10.016
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0254
https://doi.org/10.3969/j.issn.1671-5098.2006.\penalty -\@M 18.112
https://doi.org/10.3969/j.issn.1004-1257.2006.20.032
https://doi.org/10.3969/j.issn.1008-1127.2006.04.004
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0258
https://doi.org/10.3784/j.issn.1003-9961.2006.12.673
https://doi.org/10.3969/j.issn.1671-8259.2006.06.031
https://doi.org/10.3760/cma.j.issn.1674-4756.2006.24.054
https://doi.org/10.3969/j.issn.1671-4695.2006.09.062
https://doi.org/10.3969/j.issn.1671-301X.2005.04.019
https://doi.org/10.3969/j.issn.1004-0412.2005.10.031
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0265
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0266
https://doi.org/10.3969/j.issn.1003-1383.2005.06.010
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0268
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0269
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0270
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0271
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0272
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0273
https://doi.org/10.3969/j.issn.1004-4957.2001.z1.016
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0275
http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0276
https://doi.org/10.1097/EJA.0b013e32833b650f

S. Zeng, L. Ma, L. Yang et al.

[278] Xinbo Y, Xiuying M, Huajin D, Zhengming H, Wenbin C. Antagonism of penequi-
nine hydrochloride (PCHE) on DDVP (dichlorvos) poisoning. Chin Pharm J
1997;32(12):737-40 (in Chinese).

[279] Afzali S, Karami M, Kheyripour N, Ranjbar A. Investigating the Effect of Fresh
Frozen Plasma and Albumin on DNA Damage and Oxidative Stress Biomarkers
in Poisoning Cases by Organophosphates. Drug Res (Stuttg) 2021;71(1):10-16.
doi:10.1055/a-1261-9151.

[280] Vanova N, Pejchal J, Herman D, Dlabkova A, Jun D. Oxidative stress in
organophosphate poisoning: role of standard antidotal therapy. J Appl Toxicol
2018;38(8):1058-70. doi:10.1002/jat.3605.

184

[281]

[282]

[283]

Journal of Intensive Medicine 3 (2023) 171-184

Nurulain SM, Szegi P, Tekes K, Naqvi SN. Antioxidants in organophos-
phorus compounds poisoning. Arh Hig Rada Toksikol 2013;64(1):169-77.
doi:10.2478/10004-1254-64-2013-2294.

Wang Y, Lin D, Tan H, Gao Y, Ma J. Penehyclidine hydrochloride precondition-
ing provides pulmonary and systemic protection in a rat model of lung ischaemia
reperfusion injury. Eur J Pharmacol 2018;839:1-11. doi:10.1016/j.ejphar.2018.
09.012.

Lin D, Ma J, Xue Y, Wang Z. Penehyclidine Hydrochloride Preconditioning Provides
Cardioprotection in a Rat Model of Myocardial Ischemia/Reperfusion Injury. PLoS
One 2015;10(12):e0138051. doi:10.1371/journal.pone.0138051.


http://refhub.elsevier.com/S2667-100X(22)00093-7/sbref0278
https://doi.org/10.1055/a-1261-9151
https://doi.org/10.1002/jat.3605
https://doi.org/10.2478/10004-1254-64-2013-2294
https://doi.org/10.1016/j.ejphar.2018.\penalty -\@M 09.012
https://doi.org/10.1371/journal.pone.0138051

	The advantages of penehyclidine hydrochloride over atropine in acute organophosphorus pesticide poisoning: A meta-analysis
	Introduction
	Methods
	Database and search strategies
	Inclusion and exclusion criteria
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Literature screening
	General information of each study
	Quality assessment
	Outcomes
	Mortality rate
	Hospitalization time
	The overall incidence rate of complications
	The incidence of delayed polyneuropathy
	The incidence of intermediate syndrome
	The incidence of rebound
	The incidence of respiratory failure
	The overall incidence of adverse reactions
	The incidence of blurred vision
	The incidence of thirst
	The incidence of urinary retention
	The incidence of tachycardia
	The incidence of fever
	The incidence of restlessness
	The incidence of disturbance of consciousness
	The total symptom disappearance time
	The disappearance time of muscarinic symptoms
	The disappearance time of nicotinic symptoms
	The disappearance time of central nervous system symptoms
	Time for cholinesterase activity to return to normal value 50-60%
	Coma time
	Mechanical ventilation time

	Discussion
	Conclusions
	Funding
	Conflicts of Interest
	Supplementary materials
	References


