
J Clin Lab Anal. 2018;32:e22597.	 wileyonlinelibrary.com/journal/jcla	 	 | 	1 of 7
https://doi.org/10.1002/jcla.22597

© 2018 Wiley Periodicals, Inc.

1  | INTRODUC TION

Paraquat	 (PQ,	 1,1′-	dimethyl-	4,4′-	bipyridinium	 dichloride)	 is	 a	 non-
selective,	fast-	acting	contact	herbicide	which	is	widely	used	in	the	
Asia-	Pacific	region,	including	China,	Korea,	and	Sri	Lanka.1-3 Due to 
its accessibility, paraquat poisoning occurs frequently. Intentional or 
accidental ingestion of PQ is considered a severe public health prob-
lem in developing countries. The high toxicity of PQ leads to a mor-
tality rate of approximately 80% after confirmed exposure.4 Most 
patients	die	within	a	few	days	due	to	the	lack	of	an	effective	antidote	
and treatment. Multiple organ failures, including hepatic and renal 
failure,	acute	respiratory	distress	syndrome,	and	cardiogenic	shock,	
are the main causes of death.5-8 PQ is absorbed rapidly within a few 

hours after ingestion, and is widely distributed into most organs, es-
pecially the lung. The lung is the organ that usually suffers the most 
severe	damage,	as	paraquat	is	taken	up	against	a	concentration	gra-
dient in the lung.9	Plasma	PQ	concentration	peaks	at	2	hours	after	
oral ingestion, and most of the ingested PQ is excreted in its original 
form	from	the	kidneys	within	the	first	24	hours.

Coagulation	 is	a	process	by	which	blood	changes	 from	a	 liquid	
state to a gelatinous state. This hemostatic function of the body is 
completed through the action of platelets and the vascular endothe-
lial system, as well as the processes of coagulation and fibrinolysis. 
Coagulation	begins	almost	instantly	after	injury	damages	the	endo-
thelium	 lining	 of	 the	 blood	 vessel.	 Blood	 leaking	 from	 the	 injured	
endothelium initiates the process of change in platelets and results 
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Background: Paraquat can cause severe injury to vascular endothelial cells and lead 
to	coagulation	dysfunction	when	it	is	taken	into	the	blood	by	oral	ingestion.	In	this	
study, we aim to find a routine coagulation index to serve as an indicator of outcome 
in patients with acute paraquat poisoning.
Methods: Between January 2012 and December 2016, 209 patients who attempted 
suicide by oral ingestion of paraquat were admitted to the emergency room. Routine 
coagulation	indices,	including	plasma	prothrombin	time	(PT),	activated	partial	throm-
boplastin	time	(APTT),	fibrinogen	(Fbg),	thrombin	time	(TT),	and	D-	dimer	were	meas-
ured to analyze the trend of changes and their relationship with prognosis.
Results:	The	results	showed	that	the	PT	and	APTT	values	in	the	≥30	mL	group	were	
significantly	greater	than	those	in	the	<30	mL	group	(both	P < .01).	Within	1	week	of	
admission,	PT	and	APTT	values	gradually	decreased,	while	Fbg	levels	gradually	 in-
creased.	Univariate	and	multivariate	Cox	regression	analysis	 indicated	that	sex,	 in-
gestion	volume,	 and	PT	were	 independent	predictors	of	mortality	within	40	days.	
The cumulative survival rates differed significantly (P = .001)	between	patients	with	
PT	<12	seconds	and	PT	≥12	seconds.
Conclusions:	Coagulation	status	in	patients	with	PQ	poisoning	was	closely	related	to	
prognosis. Routine monitoring of coagulation function, particularly PT in plasma, is 
helpful for analysis of the condition and prognosis of patients with PQ poisoning.
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in	the	exposure	of	subendothelial	tissue	factor	to	plasma	factor	VII,	
which ultimately leads to fibrin formation. Platelets immediately 
form a plug at the site of injury, and then additional coagulation 
factors	or	clotting	factors	beyond	factor	VII	 respond	 in	a	complex	
cascade to form fibrin strands, which strengthen the platelet plug.10 
The system of coagulation in humans has been extensively studied 
and is the best understood. The most common coagulation indices in 
clinical	practice	include	plasma	prothrombin	time	(PT),	international	
normalized	ratio	 (INR),	 fibrinogen	(Fbg),	activated	partial	 thrombo-
plastin	time	(APTT),	and	thrombin	time	(TT).

The mechanisms of coagulation include activation, adhesion, and 
aggregation of platelets along with deposition and maturation of fi-
brin. However, the mechanisms of paraquat poisoning are unclear to 
date. The generation of free radicals, oxidative stress, and secondary 
effects of oxidative stress have been reported to be associated with 
tissue injury. Redox reaction by reactive oxygen species and lipid 
peroxidation of cellular membranes are widely regarded as the mech-
anisms responsible for PQ intoxication.7,11	Some	studies	have	shown	
that PQ poisoning can cause the dysfunction of coagulation and fi-
brinolysis.	Seok	et	al12 stated the manifestation and possible reasons 
for fibrinolysis dysfunction caused by acute PQ poisoning. In the 
past few decades, many studies have shown that acute PQ poisoning 
can	lead	to	injury	and	dysfunction	in	the	liver,	kidney,	ear,	and	other	
important organs.13-15 Moreover, many studies have shown that the 
severity of lung and vascular endothelial injury, as well as the inflam-
matory	reaction,	are	time-		and	dose-	dependent	with	respect	to	PQ	
poisoning.16-19	 Some	 studies	 using	 animal	models	 suggest	 that	 PQ	
poisoning	can	cause	coagulation	dysfunction,	although	there	is	a	lack	
of detailed research on the effects and extent of PQ toxicity with 
respect	to	human	coagulation	function.	While	we	already	know	that	
acute PQ poisoning can cause human blood coagulation dysfunction, 
the possible relationship between the ingestion dose and the sever-
ity of coagulation dysfunction are still unclear. In addition, there is 
less research evaluating the association between coagulation func-
tion and prognosis in patients with paraquat poisoning. Therefore, 
this study focuses on the possible mechanism and relationship be-
tween coagulation function and outcomes of paraquat intoxication.

2  | MATERIAL S AND METHODS

2.1 | Patients

Patients	were	admitted	to	the	emergency	room	of	the	First	Affiliated	
Hospital,	College	of	Medicine,	Zhejiang	University	between	January	
2012 and December 2016. In total, 235 patients with acute oral in-
take	of	PQ	within	24	hours	of	admission	were	enrolled	in	this	study.	
Patients who met the following criteria were excluded: a history 
of hypertension (n = 15),	hepatic	 failure	 (n = 4),	 renal	 failure	 (n = 1),	
tumor (n = 0),	 cardiac	 insufficiency	 (n = 2),	 diabetes	 (n = 4),	 and/or	
pregnancy (n = 0).	Therefore,	there	were	209	remaining	patients	in-
cluded in the present study.

This study was approved by the Institutional Research Ethics 
Committee	 of	 the	 First	 Affiliated	 Hospital	 of	 Zhejiang	 University	

and performed in accordance with the principles embodied in the 
Declaration	 of	 Helsinki.	 Written	 informed	 consent	 was	 obtained	
from all subjects prior to participation.

2.2 | Treatment protocol

All	patients	were	treated	according	to	guidelines	published	by	the	China	
Physician	Association	(2013	version).20 All subjects received a single gas-
tric lavage regardless of whether they had been previously lavaged after 
exposure. A few hours later after admission to the emergency room, he-
moperfusion was performed and repeated once a day for at least 3 days. 
Hemofiltration was performed when acute renal failure occurred. Other 
treatment modalities such as immunosuppressive treatment (methylpred-
nisolone,	cyclophosphamide,	and	dexamethasone),	prevention	and	treat-
ment of inflammation, and protection of vital organs were implemented 
for	each	patient.	 In	this	study,	we	set	the	end	of	follow-	up	to	45	days.	
The	follow-	up	period	for	each	patient	began	at	the	time	of	admission	and	
ended	 for	 overall	 survival	 at	 the	 occurrence	 of	 death,	 self-	withdrawal	
from	the	study,	or	on	September	18,	2016,	whichever	came	first.

2.3 | Laboratory analysis

Blood	 samples	 were	 drawn	 within	 24	hours	 after	 admission,	 and	
then continuously collected at least once a day in the following 
week.	Routine	laboratory	analysis	included	coagulation	indices	such	
as prothrombin time, activated partial thromboplastin time, throm-
bin	time,	fibrinogen,	and	D-	dimer	tests.	All	of	the	coagulation	index	
tests	were	analyzed	using	a	Sysmex	CS-	5100	coagulation	analyzer	
(Sysmex,	Kobe,	Japan).

2.4 | Statistical analysis

Data were expressed as mean ± standard deviation or as a percent-
age. Each variable was compared with respect to death and survival. 
The mean values of each item between 2 groups were compared 
using	Mann-	Whitney	U	test,	and	the	chi-	squared	test	was	used	for	
comparing	 distributions	 among	 groups.	 Survival	 curves	were	 esti-
mated	using	the	Kaplan-	Meier	method	and	compared	using	the	log-	
rank	 test.	 Univariate	 and	 multivariate	 Cox	 regression	 analyses	 to	
determine	predictors	of	40-	day	mortality	were	presented	as	hazard	
ratios	with	a	95%	confidence	 interval.	All	 tests	were	 two-	tailed;	P 
values <.05 were considered to indicate statistical significance. All 
statistical	analyses	were	performed	with	IBM	SPSS	(version	20)	for	
Microsoft	Windows	(SPSS,	Inc.,	Chicago,	IL,	USA).

3  | RESULTS

3.1 | Patient characteristics

In our study, 209 patients with paraquat poisoning were enrolled. 
The clinical characteristics on admission of the patients are summa-
rized in Table 1. Ingestion volume, PT, and APTT were significantly 
different between the groups. In addition, we divided the patients 
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into	2	groups	based	on	the	ingestion	volume	of	30	mL.	The	PT	and	
APTT	values	in	the	≥30	mL	group	were	significantly	greater	than	in	
the	<30	mL	group,	as	can	be	seen	in	Figure	1A,B	(both	P < .01).

3.2 | Dynamic changes in the coagulation index 
in the ensuing week after admission

Data on coagulation indices were collected continuously in these pa-
tients	within	1	week	of	admission;	the	corresponding	data	and	trend	
diagram	are	 shown	 in	Figure	2.	A	 significant	 difference	 in	 dynamic	
changes	with	respect	to	PT,	APTT,	and	Fbg	were	observed	between	
the 2 groups (both, P < .05).	Within	1	week	of	admission,	PT	and	APTT	
values	gradually	decreased,	while	Fbg	levels	gradually	increased.

3.3 | Risk factor analysis for 40- day mortality

As	shown	in	Table	2,	univariate	and	multivariate	Cox	regression	anal-
ysis indicated that sex, ingestion volume, and PT were independent 
predictors	of	mortality	within	40	days.

3.4 | Kaplan- Meier survival test

We	 compared	 the	 survival	 time	 of	 patients	 using	 a	 12-	second	PT	
as	a	cut-	off	value.	 It	was	found	that	patients	with	a	PT	value	over	
12 seconds had a poorer survival time as compared with those with a 
less	than	12-	second	PT	in	the	follow-	up	period	(log-	rank	χ2	=	11.474,	
P = .001)	(Figure	3A).	Similarly,	we	also	compared	the	survival	times	
between the groups divided by ingestion volume and gender. The 
results	showed	that	the	survival	rate	of	the	high	dose	group	(≥30	mL)	
was	much	lower	than	that	of	the	low	dose	group	(<30	mL)	(log-	rank,	
χ2 = 105.583, P < .001)	 (Figure	3C).	 The	 survival	 rate	 of	 male	 pa-
tients	in	PQ	poisoning	was	lower	than	that	of	female	patients	(log-	
rank,	χ2	=	8.584,	P = .003)	(Figure	3B).

4  | DISCUSSION

In recent years, most of the research on the clinical symptoms of 
patients with paraquat poisoning has focused on how to reduce 

lung injury and prevent multiple organ failure. In addition, various 
studies have focused on finding some indicators to predict clinical 
outcomes for paraquat poisoning patients. The studied indicators 

Variable Death group (n = 90) Survival group (n = 119) P value

Age	(y) 37.88	±	16.48 35.90 ± 13.62 .736

Gender(male/female) 50/40 52/67 .096

Ingestion	volume	(mL) 79.38 ± 115.55 14.77	±	11.02 <.001

PT	(s) 13.97 ± 2.82 11.62	±	1.14 <.001

APTT	(s) 42.26	±	21.75 30.80 ± 11.81 .007

Fbg	(g/L) 2.23 ± 0.71 1.99 ± 0.55 .051

TT	(s) 32.07	±	24.25 23.27 ± 11.80 .354

D-	dimer	(μg/L	FEU) 1370.87 ± 1933.13 1227.49	±	1698.92 .951

Data	are	means	±	SD	 for	death	group	 (n	=	90)	and	survival	group	 (n	=	119)	of	paraquat	poisoning	
patients.	APTT,	activated	partial	 thromboplastin	 time;	Fbg,	 fibrinogen;	PT,	prothrombin	 time;	TT,	
thrombin time.

TABLE  1 Characteristics	of	209	
paraquat poisoning patients on admission

F IGURE  1 Comparison	of	prothrombin	time	and	activated	
partial thromboplastin time with respect to the distinct ingestion 
volume groups
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included amylase, white blood cells, pO2, and some fibrinolytic sys-
tem	markers.	However,	few	studies	have	focused	on	the	changes	in	
routine coagulation function and their relationship with prognoses 
of paraquat poisoning patients. Therefore, our study aimed to find 
some coagulation parameters that could be used to predict the clini-
cal prognoses or outcomes of patients with paraquat poisoning.

In much of the previous studies, it has been reported that one 
mechanism	 of	 paraquat-	induced	 toxicity	 is	 through	 the	 generation	
of free radicals as well as oxidative stress. Redox cycling and sub-
sequent	generation	of	highly	reactive	oxygen	species	(ROS)	are	the	
main features after ingestion.20-23	When	paraquat	is	metabolized	by	
several enzyme systems, it generates a large quantity of superoxide 

(O2
−)	which	gives	rise	to	the	formation	of	the	hydroxyl	free	radicals	

(HOs),	leading	to	oxidative	damage	and	apoptosis.24-26 The concentra-
tion	of	PQ	in	the	plasma	of	patients	with	PQ	poisoning	peaks	within	
2-	4	hours	of	oral	 administration,27,28 and can remain at a relatively 
constant concentration for several days. As the lung is a highly vas-
cularized	tissue,	with	active	uptake	and	enrichment	of	PQ	in	lung	tis-
sues during this period, the concentration of PQ in the lung continues 
to rise and reaches levels several times the plasma concentration.29 
Therefore, the lung is usually the most seriously injured organ in PQ 
poisoning patients. Our results showed that both PT and APTT values 
(Figure	1)	were	significantly	higher	in	the	high	dose	ingestion	(≥30	mL)	
group	than	 in	the	 low	dose	 ingestion	 (<30	mL)	group	(both	P < .01),	

F IGURE  2 Dynamic	changes	in	the	coagulation	index	in	patients	with	paraquat	poisoning	in	the	ensuing	week	after	admission.	*P < .01; 
#P < .05

Variable

Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age 1.006 0.992-	1.021 .389 1.025 0.992-	1.059 .146

Gender 0.536 0.351-	0.819 .004 0.119 0.031-0.460 .002

Ingestion volume 1.005 1.003-	1.006 <.001 1.011 1.004-1.018 .002

PT 1.458 1.262-	1.684 <.001 1.640 1.186-2.268 .003

APTT 1.019 1.002-	1.037 .028 0.970 0.918-	1.024 .266

Fbg 1.634 1.000-	2.669 .050 1.775 0.577-	5.461 .317

TT 1.012 0.995-	1.029 .180 0.996 0.996-	1.028 .825

D-	dimer 1.000 1.000-	1.000 .364 1.000 1.000-	1.001 .447

APTT,	 activated	partial	 thromboplastin	 time;	CI,	 confidence	 interval;	Fbg,	 fibrinogen;	HR,	hazard	
ratio; PT, prothrombin time; TT, thrombin time.

TABLE  2 Risk	factors	for	mortality	
within	40	days	using	Cox	regression	
analysis
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suggesting that coagulation dysfunction is associated with dosage of 
PQ	in	poisoned	patients.	Similarly,	it	was	also	observed	that	daily	PT	
values	(Figure	2A)	in	the	death	group	were	significantly	higher	than	

those in the surviving group within 7 days of admission (P < .05),	with	
significant differences between the 2 groups (P < .01).	At	 the	same	
time,	 observing	 the	 comparison	 of	 PQ	 intake	 dose	 between	 the	 2	
groups	(Table	1),	we	can	easily	conclude	that	high	doses	of	PQ	may	
induce severe coagulation dysfunction, which may in turn affect the 
survival of patients with PQ poisoning (P < .001).	Furthermore,	using	
univariate	and	multivariate	Cox	regression	analyses	(Table	2),	 it	was	
also	found	that	PT	was	an	independent	risk	factor	predicting	40-	day	
mortality in patients with PQ poisoning. The explanation for this phe-
nomenon may be related to injury of the pulmonary endothelial cells 
due to PQ, which results in the release of large amounts of tissue fac-
tor	and	von	Willebrand	factor	into	the	blood	to	activate	the	extrinsic	
coagulation	pathway.	We	suggest	that	this	result	may	be	similar	to	the	
mechanism by which other factors induce pulmonary endothelial cell 
injury, leading to dysfunction of the extrinsic coagulation pathway.30 
In	addition,	high	doses	of	PQ-	induced	severe	 injury	to	the	vascular	
endothelial cells in the lung tissue, which can encourage platelets to 
adhere, aggregate, and activate when exposed to blood flow. This 
in turn activates the coagulation system, consuming large amounts 
of coagulation factors and leading to dysfunction of coagulation. In 
addition to the excessive consumption of relevant clotting factors, 
another possible reason for the elevated PT and APTT values was 
reduced synthesis. Because the liver is the major synthetic organ for 
most clotting factors in the body, patients with high dose PQ poison-
ing usually have acute liver injury at the initial stage with varying de-
grees of hypohepatia. However, changes in liver function in patients 
with PQ poisoning were not the focus of our study.

Extensive pulmonary fibrosis often occurs in the second stage 
of	PQ-	induced	pulmonary	toxicity,	and	may	be	a	compensatory	re-
pair mechanism for the damaged alveolar epithelial cells.31 As an 
important feature of clinical progression in patients with PQ poi-
soning, acute respiratory distress syndrome is the most common 
reason for death in large numbers of patients with high dose oral 
poisoning	within	a	few	days.	The	study	of	Kubo	et	al32 showed that 
plasma	 D-	dimer	 levels	 were	 associated	 with	 mortality	 in	 patients	
with acute progression of idiopathic fibrosis, and that anticoagu-
lant	 therapy	could	 improve	patient	survival.	Similarly,	animal	mod-
els	of	acute	paraquat	poisoning	established	by	Liu	Feng	et	al33 also 
showed	that	 low-	molecular-	weight	heparins	combined	with	aspirin	
anticoagulant therapy for paraquat poisoning could significantly im-
prove the coagulation dysfunction caused by paraquat and reduce 
paraquat-	induced	acute	lung	injury.	However,	we	did	not	find	a	clear	
relationship	between	changes	in	D-	dimer	levels	and	patient	survival	
in our study. This may be due to the difference between the previous 
studies and the status of disease progression in human pulmonary 
fibrosis induced by paraquat.

Univariate	and	multivariate	Cox	regression	analyses	showed	that	
the	PT	value,	PQ	ingestion	volume,	and	sex	were	independent	risk	
factors	for	predicting	40-	day	mortality.	We	can	clearly	observe	from	
the	Kaplan-	Meier	 survival	 curve	analysis	 that	40-	day	 survival	was	
significantly	lower	in	patients	with	PT	values	above	12	s	(Figure	3A).	
This may provide new treatment options and ideas for treating acute 
lung injury caused by paraquat poisoning. High ingestion volume 

F IGURE  3 Kaplan-	Meier	survival	curves	with	respect	to	the	
groups divided by prothrombin time, sex, and ingestion volume in 
patients with paraquat poisoning
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showed	a	significant	positive	correlation	with	mortality	(Figure	3C),	
and the survival in male group was significantly lower than that in 
female	 group	 (Figure	3B).	We	 further	 compared	PQ	 ingestion	vol-
umes between the groups divided by sex; the results showed that 
the	 ingestion	 volume	 of	 the	 male	 group	 (66.24	±	14.05	mL)	 was	
significantly	higher	than	that	of	the	female	group	(30.19	±	4.77	mL)	
(P = .003).	This	may	be	one	of	the	reasons	why	the	survival	in	male	
group was significantly lower.

There	were	some	limitations	in	our	study.	First,	this	study	was	a	
retrospective analysis; we could thus only obtain results from rou-
tine coagulation index tests in patients with PQ poisoning from clin-
ical data, but not information on the influence of PQ on the levels of 
clotting factors. In this regard, we will conduct further studies in our 
future	work.	Second,	we	did	not	know	the	exact	PQ	concentrations	
in the patients’ blood, as the PQ poisoning cases were included only 
on	 the	 basis	 of	 oral	 PQ	 intake	history.	While	 the	 predictive	 value	
of plasma PQ concentration has been reported in the literature on 
patients with acute PQ poisoning,4,34 concentration values are not 
commonly available in the emergency room due to limited medical 
equipment.35

5  | CONCLUSION

In summary, the coagulation status in patients with PQ poisoning 
was closely related to their prognoses. Routine monitoring of coagu-
lation function, especially the PT value in plasma, is helpful for analy-
sis of the condition and prognoses of patients with PQ poisoning.
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