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Abstract

Background: Diquat (DQ) poisoning is an important public health and social security agency. This study aimed to develop a prognostic model and evaluate 
the prognostic value of plasma DQ concentration in patients with acute oral DQ poisoning, focusing on how its impact changes over time after poisoning.

Methods: This was a retrospective study using time-dependent Cox regression analyses on 80 patients with acute oral DQ poisoning at our hospital 
between January 2019 and May 2022.

Results: Overall in-hospital case fatality rate was 36.25% (29/80). The Schoenfeld residual of plasma DQ concentration on admission is evidence of the 
violation of the proportional hazards assumption. Plasma DQ concentration on admission (HR = Exp (0.032-0.059×ln(t))) and PSS within 24 h of admission (HR: 
4.470, 95%CI: 1.604 ~ 12.452, P = 0.004) were independent prognostic factors in time-dependent Cox regression model. The HR of plasma DQ concentration 
on admission gradually decreased with time. AUROC of plasma DQ concentration on admission was higher than ingestion amount at each time point.

Conclusions: Plasma DQ concentration on admission and PSS within 24 h of admission are independent prognostic factors for in-hospital case fatality rate 
of patients with acute oral DQ poisoning. The prognostic value of plasma DQ concentration decreased with time.

INTRODUCTION

Diquat (1,1’-ethylene-2,2’-bipyridinium ion; DQ) belongs 
to bipyridinium herbicides. Although it has a similar herbicidal 
action to Paraquat (PQ), there are significant distinctions in its 
poisoning mechanisms and clinical effects. Cases of DQ poisoning 
have been steadily increasing since paraquat was banned in many 
countries [1,2]. One of the most common causes of DQ poisoning 
is an inadvertent or intentional intake of concentrated liquid 
products containing DQ. When a large amount of DQ is ingested, 
it can cause multiple organ dysfunction and perhaps death. DQ 
poisoning has a case fatality rate of up to 52.5% [3]. After PQ 
poisoning, treating DQ poisoning has become another difficult 
task for clinicians. Therefore, timely clinical outcome evaluation 
and risk assessment for critically ill DQ poisoning patients and 
essential for appropriate medical resource allocation, which has 
become an important public health and social security agency.

The disease is divided into mild poisoning, moderate-to-
severe poisoning, and fulminant poisoning, and the survival 
probability of patients is roughly evaluated based on the ingested 
dose (DQ2+) and different clinical manifestations [3,4]. However, 

the real absorbed dose (DQ2+) varies widely due to subjective 
expression, varied gastrointestinal absorption function, and 
different intervention timing of gastric lavage and catharsis. 
Poison detection is a crucial component of acute poisoning 
clinical diagnosis. Plasma poison concentration has a great value 
in evaluating prognosis and guiding treatment. Hart et al created 
concentration-time curves to represent estimates of the survival 
probability of acute PQ poisoning [5]. Hampson et al found that 
when PQ plasma concentrations were above 3 mg/L, the patient 
had a bad prognosis, despite haemoperfusion [6]. The prognostic 
value of plasma DQ concentration in patients with acute DQ 
poisoning has never been studied. Therefore, the goal of this 
study was to identify prognostic factors of patients with acute 
oral DQ poisoning, as well as to assess the prognostic value of 
plasma DQ concentration on admission, which might contribute 
to clinical evaluation and treatment.

MATERIALS AND METHODS

Patients

We retrospectively identified patients who were treated in 
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our hospital between January 2019 and May 2022. The patients 
were included in the study according to the following criteria: (1) 
a history of oral DQ ingestion, (2) 14 years of age or older, (3) 
DQ was detected in the plasma and/or urine samples taken on 
admission, (4) time interval from DQ ingestion to the Emergency 
Department (ED) ≤ 36 h. Patients were excluded if they had: (1) 
mixed toxicants poisoning, (2) no-oral exposure routes, (3) blood 
purification in local hospitals; (4) a history of serious lung disease 
or severely impaired hepatic or renal function.

Ethics Statement

The study was approved by Hebei Medical University 
institutional review board (IRB: 2020-C043). Furthermore, 
the study follows the STROBE guidelines and was conducted 
according to the principles of the Declaration of Helsinki [7]. 
Exemption from obtaining written informed consent was granted 
because of the retrospective observational nature of our study.

Treatment

All patients were immediately given gastric lavage, adsorption 
with activated charcoal, and diarrhea induction with purgative 
and/or high enemas to prevent the absorption of DQ. Forced 
diuresis, hemoperfusion and/or hemofiltration were applied 
to promote the excretion of DQ. Blood Purification was given 
to patients within 1-2 h after admission. The old therapeutic 
regimen referred to patients receiving 2-hour of HP, with a 6 to 
8-hour interval time. The frequency of HP was adjusted according 
to the plasma DQ concentration. The new therapeutic regimen 
adopts the model of “HP+CVVH+HP”. The interval time between 
two HP was 9 to 10 hours, during which a CVVH was applied. The 
frequency of HP and CVVH was adjusted according to the plasma 
DQ concentration. Antioxidants (Vitamin C and melatonin) and 
low-dose glucocorticoids were applied to scavenge free radicals 
and inflammatory mediators. Other clinical treatments included 
maintaining fluid and electrolyte balance, organ function support, 
and so on [3,4].

Data Collection

Demographic data, clinical data, laboratory data, treatment, 
and outcomes were collected by two clinicians based on the 
unified form. Specifically, we collected information including 
gender, age, exposure routes, ingestion amount (including 
reproduced ingestion amount and accurate ingestion amount), 
time interval from DQ ingestion to gastric lavage, time interval 
from DQ ingestion to ED, time interval from DQ ingestion to blood 
purification, plasma DQ concentration on admission, lungs injury 
within 24 h of admission, liver injury within 24 h of admission, 
kidney injury within 24 h of admission, Central Nervous System 
(CNS) injury within 36 h of admission, the Acute Physiology and 
Chronic Health Evaluation (APACHE) II score and Poisoning 
Severity Score (PSS) within 24 h of admission [8,9], treatment 
regimens, frequency of Hemoperfusion (HP), frequency Of 
Continuous Veno-Venous Hemofiltration (CVVH) and hospital 
days. The primary endpoint was the death of patients in hospital, 
and survival days were recorded. Patients were grouped into 
survivors and non-survivors based on whether in-hospital death.

For patients with uncertain ingestion amount, reproduced 
ingestion amount was performed by two specially trained staff 
members. Initially, they prepared the mineral water and made it 
clear to the patients that the purpose was to perfectly duplicate 
ingestion amount of DQ. The patients then simulated the original 
poisoning situation by holding the mineral water in their mouths 
and not swallowing it. Subsequently, they spat the water into a 
100-milliliter cylinder. Two staff members measured the water 
and recorded the average volume as the reproduced ingestion 
amount. A 200 mL measuring cup was used if the ingestion 
amount was large. When a patient took a whole bottle (not 
sprinkled) of DQ and the container was labelled with precise 
graduation, the patient’s ingestion amount could be directly 
recorded (accurate to ml or g).

Definition

Prior the study, definitions were defined. The following 
are the diagnostic criteria for lung injury [10]: (1) History of 
ingestion of DQ that is known to induce lung injury, (2) The 
clinical manifestations have been reported to be induced by DQ, 
(3) Other causes of the clinical manifestations could be ruled out, 
(4) Partial Pressure Oxygen2 (PaO2) < 80 mmHg on room air. 
Case definition of liver injury is proposed if one of the following 
thresholds is met [11] (1) alanine aminotransferase (ALT) ≥ 5 × 
Upper Limits of Normal (ULN), (2) alkaline phosphatase (ALP) 
≥ 2 × ULN (especially with an elevation of Gamma-Glutamyl 
Transferase (GGT) or after ruling out primary bone pathology 
in cases of isolated elevation of ALP), (3) ALT ≥ 3 × ULN plus 
Total Bilirubin (TB) > 2 × ULN. Case definition of kidney Injury 
is proposed if one of the following thresholds is met [12,13] (1) 
serum creatinine increased ≥ 1.5 times baseline, (2) Urinary output 
< 0.5 ml/kg/h during a 6-hour block. Case definition of CNS injury 
is proposed if one of the following thresholds is met [3,14] (1) The 
clinical manifestations with headache, dizziness, consciousness 
disturbance (drowsiness, confusion of consciousness, delirium, 
lethargy, coma), focal or generalized epileptiform seizures, etc., 
(2) The brain imaging can be manifested as cerebral edema, brain 
stem infarction, and bleeding.

Quantitative Analysis of DQ Levels in Plasma

The plasma samples were collected at admission. Plasma 
DQ concentration was measured by a high-performance liquid 
chromatographic-tandem mass spectrometry (HPLC-MS/MS, 
shimadzu, Japan; AB Sciex, USA). The separation of analytes 
was achieved on a Pc Hilic S5 column (5μm, 2.0 mm×150 mm) 
(Osaka Soda, Beijing) held at 35℃. The mobile phase consisted 
of a mixture of solvent a (20mM ammonium formate in water 
containing 0.1% formic acid) and solvent B (acetonitrile) 
delivered with a gradient at a flow rate of 0.3 mL/min. The 
standard curve was linear over a concentration range of 10-1000 
ng/mL in plasma.

Statistical Analysis

Baseline characteristics were described for categorical 
variables by n (%) and continuous variables using mean ± 
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SD or median (Interquartile Range [IQR]) according to their 
distribution. Student t-tests, Non-parametric tests and Chi-
square tests were used for analysis of the baseline characteristics. 
Univariate Cox proportional hazards regression was used to 
assess associations, measured as Hazard Ratios (HRs), between 
covariates and time. Variables that showed a P value less than 
0.1 were included in multivariate Cox proportional hazards 
regression analyses. The proportional hazards assumption was 
checked using the Schoenfeld residuals method [15]. Linearity of 
continuous covariates was checked using the Martingale residuals 
method. In situations when the proportional hazards assumption 
of the Cox regression model does not hold, introducing a time-
dependent variable (T_COV_) in Cox proportional hazards 
regression analyses provided a flexible method to evaluate non-
proportionality. The natural logarithm of the time variable is 
used for the construction of the time-dependent covariates in 
time-dependent Cox regression model. The Hazard Ratio (HR) 
and 95% confidence interval (95% CI) were calculated. The 
prognostic value of plasma DQ concentration on admission was 
assessed by computing the area under a time-dependent Receiver 
Operating Characteristic Curve (ROC). The optimal cut-off value 
was represented highest Youden index (sensitivity + specificity - 
1). Survival curves were generated by the Kaplan–Meier method 
and compared by the log-rank test. A P value less than 0.05 was 
considered statistically significant. 

SPSS 22.0 software (SPSS, Inc., Chicago, IL, USA) and R 
software (version 3.3.0, R Foundation for Statistical Computing, 
Vienna, Austria) were used for statistical analysis. The R 
statistical packages “time ROC,” “survival,” and “survminer” was 
used to calculate the clinical characteristics table, Kaplan–Meier 
curves, and time-dependent ROC curves.

RESULTS

Baseline Characteristics

A total of 80 patients who met the criteria were included in the 
study (Figure 1). 78 patients took concentrated liquid products 
containing 200 g/L of DQ and 2 patients took concentrated 
liquid products containing 100 g/L of DQ. For recording, all 
patients reproduced ingestion amount was converted into 
concentrated liquid products containing 200 g/L of DQ. Baseline 
demographics and clinical characteristics of patients with acute 
oral DQ poisoning are shown in (Table 1). Among the 80 patients, 
29 (36.25%) patients died and 51 (63.75%) patients survived 
in the hospital. The non-survivors had a median (IQR) survival 
time of 1.3 (1.0) days and the longest survival time of 4.5 days 
after DQ poisoning. Between survivors and non-survivors, there 
were no significant differences in gender, age, time interval from 
DQ ingestion to gastric lavage, time interval from DQ ingestion 
to ED, time interval from DQ ingestion to blood purification, 
treatment regimens (all P > 0.05). But, survivors had significantly 
lower ingestion amount, plasma DQ concentration on admission, 
lungs injury within 24 h of admission, liver injury within 24 h 
of admission, kidney injury within 24 h of admission, and CNS 
injury within 36 h of admission (all P < 0.05). Furthermore, 
the comparisons of traditional scores between non-survivors 

Figure 1

Table 1: Baseline demographics and clinical characteristics of the diquat poisoning.

Variable Total 
(N = 80)

Survivors 
(N = 51)

Non-survivors 
(N = 29) P-value

Age (years) 26.67 ± 9.73 26.08 ± 15.0 27.72 ± 12.5 0.47
Male, n (%) 37(46.3%) 21 (41.2%) 16 (55.2%) 0.23

ingestion amount (ml) 50 (80) 20 (40) 100 (137.5) < 0.01
Time to gastric lavage (h) 2 (3) 2 (4) 1 (2) 0.092

Time to our ED (h) 6 (5) 6 (5) 6 (5) 0.912
Time to blood 

purification (h) 8.5 (5) 9 (5) 8.5 (5) 0.912

PDQ (ug/ml)
1.06 (9.57) 0.35 (0.90) 26.9 (46.65) < 0.01

Oragn injury
Lungs injury 24-h, n (%) 17 (21.3%) 3 (5.9%) 14 (48.3%) < 0.01
Liver injury 24-h, n (%) 6 (7.5%) 1 (2.0%) 5(17.2%) 0.04

Kidney injury 24-h, n (%) 31 (38.8%) 5 (9.8%) 26 (89.7%) < 0.01
CNS injury 36-h, n (%) 28 (35.0%) 4 (7.8%) 24 (82.8%) < 0.01

APACHE-II 24-h 6 (8) 4(4) 13(12) < 0.01

PSS 24-h 1 (2) 1 (1) 4 (1) < 0.01
treatment regimens 0.17

New regimens 57 (71.3%) 39 (76.5%) 18(62.1%)
Old regimens 23 (28.8%) 12 (23.5%) 11 (37.9%)

Survival Time (d) —— —— 1.30 (1.00) ——

Abbreviations: ED: Emergency Department; PDQ: Plasma DQ Concentration on 
Admission; CNS: Central Nervous System; APACHE-II: Acute Physiology and Chronic 
Health Evaluation; PSS: Poisoning Severity Score; HP: Hemoperfusion; CVVH: 
Continuous Veno-Venous Hemofiltration.
Old regimen: Received 2-hour of HP therapy, at a 6 to 8-hour interval time. New 
regimen: the model of “HP+CVVH+HP”. The interval time between two HP was 9 to 
10 hours, during which a CVVH was applied. The frequency of HP and CVVH was 
adjusted according to the plasma DQ concentration.

and survivors also showed that non-survivors had significantly 
higher APACHE II score and PSS within 24 h of admission (all P 
< 0.05).

Proportional Hazards Assumption Verification

The proportional hazards assumption is verified using 
statistical tests and graphical diagnostics based on the scaled 
Schoenfeld residuals. As shown in (Figure 2), the Schoenfeld 
individual test is not statistically significant (p > 0.05) for 
ingestion amount, time interval from DQ ingestion to gastric 
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lavage, time interval from DQ ingestion to ED, lungs injury within 
24 h of admission, liver injury within 24 h of admission, kidney 
injury within 24 h of admission, and CNS injury within 36 h of 
admission, but statistically significant (p < 0.05) for plasma DQ 
concentration on admission. The Schoenfeld residual of plasma 
DQ concentration on admission is evidence of the violation 
of proportional hazards assumption. In addition, the global 
test shows a statistically significant (χ2 = 35.247 p = < 0.001) 
correlation between the Schoenfeld residuals and the variation 
of time, indicating that the Cox proportional hazards model is 
proven to be inappropriate in the multivariate analysis.

Univariate Cox Proportional Hazards Regression 
Analyses

According to the verification of proportional hazards 
assumption, plasma DQ concentration on admission is a time-
dependent covariate. Therefore, the time-dependent Cox 
regression model is appropriate in dissecting the influences of 
these time-dependent covariates. The results from the univariate 
Cox regression analysis are presented in (Table 2). Univariate 
Cox regression analysis revealed that ingestion amount, plasma 
DQ concentration on admission, lungs injury within 24 h of 
admission, liver injury within 24 h of admission, kidney injury 
within 24 h of admission, CNS injury within 36 h of admission, 
APACHE II score and PSS within 24 h of admission had statistical 
differences (all P < 0.01).

Figure 2

Table 2: Univariate cox regression analysis.

Variable cofe Se (cofe) Z P-value HR (95%CI)

Age 0.012 0.016 0.74 0.459 1.012  
(0.980, 1.045)

Gender 0.395 0.374 1.057 0.291 1.488 
(0.714,3.088)

Ingestion amount (ml) 0.011 0.002 6.519 < 0.01 1.011
(1.008, 1.014)

Time to gastric lavage -0.078 0.062 -1.262 0.207 0.925  
(0.818, 1.044)

Time to our ED -0.023 0.036 -0.632 0.527 0.978
(0.911, 1.049)

PDQ (ug/ml) 0.068 0.01 7.131 < 0.01 1.071 
(1.051, 1.091)

T_COV_ PDQ -0.017 0.983 -1.119 0.263 0.983 
(0.953, 1.013)

Lungs injury 24-h 1.883 0.383 4.915 < 0.01 6.577 
(3.103, 13.94)

Liver injury 24-h 1.357 0.5 2.713 < 0.01 3.883 
(1.457, 10.35)

Kidney injury 24-h 3.432 0.622 5.517 < 0.01 30.93 (9.139, 
104.6)

CNS injury 36-h 2.984 0.503 5.937 < 0.01 19.76 
(7.379, 52.91)

APACHE-II 24-h 0.117 0.015 7.798 < 0.01 1.124 
(1.092, 1.158)

PSS 24-h 1.837 0.272 6.746 < 0.01 6.277 
(3.681, 10.70)

Treatment regimens -0.606 0.384 -1.579 0.114 0.546 
(0.257, 1.158)

Abbreviations: ED: Emergency Department; PDQ: Plasma DQ Concentration On 
Admission; CNS: Central Nervous System; APACHE-II: Acute Physiology and Chronic 
Health Evaluation; PSS: Poisoning Severity Score.
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Multivariate Cox Proportional Hazards Regression 
Analyses

According to the univariate Cox regression analysis, ingestion 
amount, plasma DQ concentration on admission, lungs injury 
within 24 h of admission, liver injury within 24 h of admission, 
kidney injury within 24 h of admission, CNS injury within 36 h of 
admission, APACHE II score and PSS within 24 h of admission are 
included in the multivariate Cox regression analysis. Time interval 
from DQ ingestion to gastric lavage and time interval from DQ 
ingestion to ED are critical in assessing in-hospital deaths from 
acute DQ poisoning and are thus also included in the multivariate 
Cox regression analysis. There was no multicollinearity among 
the above indicators. This study satisfies the hypothesis of a 
linear relationship between the continuous variables and the 
outcome.

The time-dependent multivariate Cox proportional hazards 
regression analyses revealed that plasma DQ concentration on 
admission, T_COV_PDQ, and PSS within 24 h of admission are 
statistically significant(p < 0.05), as shown in (Table 3). Plasma DQ 
concentration on admission and T_COV_PDQ are both statistically 
significant, implying that the effect of plasma DQ concentration 
on admission varies with time. The time-varying effect of plasma 
DQ concentration on admission can be written as β(t) =0.032-
0.059×ln(t) and HR(t) = Exp(0.032-0.059×ln(t)). With 1.5 days 
(36 h) after poisoning, the HR of plasma DQ concentration on 
admission gradually decreased with time.

Comparison of the Impact of Plasma DQ Concentration 
on Admission and Ingestion Amount on Prognosis 
Using Time-Dependent ROC Analysis

The cumulative survival probability in all cases were shown 
in (Figure 3A). The 1-,2-,4- and 4.5-days cumulative survival 
probability in all cases were 87.5%, 70.5%, 63.7% and 62.3%, 
respectively. The median survival time was 19.33 days (95%CI: 
16.256-22.410). No events occurred beyond 5 days in this study. 
We conducted a time-dependent ROC analysis for assessing the 
impact of plasma DQ concentration on admission and ingestion 
amount on the prediction of DQ poisoning patient survival 
or death. In this study, according to the time characteristics of 
the death event, we computed time-dependent AUCs (95%CI) 
to evaluate their predictive accuracy at 1,2,5,7 and 14 days, 
respectively (Table 4). Continuously changing AUCs and 
confidence intervals as days after poisoning were drawn using the 
plot AUC curve function, as shown in (Figure 3B). These results 
revealed that AUROC of plasma DQ concentration on admission 
and ingestion amount decreased with days after poisoning. In 
contrast, the AUROC of plasma DQ concentration on admission 
was higher than ingestion amount at each time point. There were 
statistically significant (p < 0.05) at 5 days after poisoning. The 
optimal cut-off point was 1.05 ug/ml (AUROC = 0.971, sensitivity 
= 100%, specificity = 62.69%) of plasma DQ concentration on 
admission at 5 days. But the prognostic value of both decreased 
significantly at 7 days after poisoning.

Figure 3

Table 3: Multivariate cox proportional hazards regression analyses.

Variable cofe se(cofe) Z P -value HR (95%CI)
PDQ (ug/ml) 0.032 0.016 2.049 0.04 1.033 (1.001, 1.066)
T_COV_ PDQ -0.059 0.024 -2.52 0.0122 0.942 (0.900, 0.987)

PSS 24-h 1.497 0.523 2.864 0.004 4.470 (1.604, 12.452)

Abbreviations: PDQ: Plasma DQ Concentration on Admission; PSS: Poisoning 
Severity Score.

Table 4: Prognostic value of plasma DQ concentration on admission and ingestion 
amount on prognosis.

Indices
plasma DQ concentration on admission Ingestion amount

AUC Lower 95% Upper 95% AUC Lower 95% Upper 95%
1d 0.983 0.957 1.008 0.94 0.88 1
2d 0.982 0.956 1.007 0.948 0.899 0.998
5d 0.97* 0.94 1.001 0.885 0.812 0.958
7d 0.96 0.919 1 0.869 0.78 0.958

14d 0.835 0.648 1.023 0.582 0.201 0.964
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DISCUSSION

DQ, as a nonselective bipyridinium herbicide, belongs to 
moderately hazardous (class II) technical grade active ingredients 
in pesticides according to the WHO recommended classification of 
pesticides by hazard and guidelines to classification (2019) [16]. 
In the present study, the hospital case fatality rate of acute DQ 
poisoning was 36.25% (29/80). The longest survival time of 4.5 
days after DQ poisoning, with 23 of the 29 patients dying within 
2 days. DQ is more effective than other herbicides at generating 
Reactive Oxygen Species (ROS). Through reduction-oxidation 
(redox) cycling processes, it can produce reactive oxygen and 
reactive nitrogen, resulting in oxidative stress and multiple organ 
damage [3,17]. DQ poisoning mostly affects the kidneys, CNS, 
and lungs. A rise in serum creatinine and anuria are the most 
common sign of kidney injury. Varying degrees of consciousness 
disturbance and (or) epileptiform seizures could be noticed 
within 36 h of admission, particularly in non-survivors [18-20]. 
DQ can also damage the lungs, leading to upper respiratory 
pain, pulmonary edema, and respiratory depression. However, 
unlike PQ, pulmonary fibrosis has not been observed [3,21]. In 
the present study, blood purification was utilized to promote 
the excretion of absorbed poisons, but there were no significant 
differences in different treatment regimens, which consist with 
previous studies [22-24].

The Schoenfeld residuals were used to verify the proportional 
hazards assumption. The result showed that plasma DQ 
concentration on admission is a time-dependent covariate. As a 
result, we present a time-dependent Cox regression model for 
DQ poisoning prognosis estimate. Considering that the variation 
of time is generally correspondent to the skewed distribution, 
the natural logarithm of the time variable was used for the 
construction of the time-dependent covariates in time-dependent 
Cox regression model to reduce the influences of extreme values 
[25]. According to the multivariate Cox analysis, plasma DQ 
concentration on admission and PSS within 24 h of admission 
were independent prognostic factors for in-hospital death in 
acute oral DQ poisoning patients. Plasma DQ concentration on 
admission and T_COV_PDQ were both statistically significant, 
indirectly suggesting its departure from the proportional hazards 
assumption. We found that the HR of plasma DQ concentration 
decreases with varying time (≤ 1.5 days) due to the negative 
values of regression coefficients (coef) of T_COV_PDQ. This result 
is probably relative to the toxicokinetic characteristics of DQ in 
patients [3]. PSS is a simple, less time-consuming, and effective 
evaluation scale for predicting the severity and mortality of 
poisoning in emergency [26]. In the present study, PSS was 
treated as a continuous variable. For each unit increase in PSS, 
the hazard of in-hospital case fatality rate increased by 3.47 on 
the original scale.

Ingestion amount is often used as one of the indicators for 
determining disease grade and prognosis [3,4,17]. However, 
ingestion amount is often greatly affected by the subjective wishes 
of patients and doctors. To obtain relatively accurate ingestion 
amounts, this study was performed by two specially trained staff 

members to assist patients to reproduce the ingestion amount of 
DQ. The ingestion amount of DQ was 50 (80) ml. In addition, the 
ingestion amounts of non-survivors were significantly greater 
than survivors (P < 0.001). However, it was not an independent 
prognostic factor in multivariate Cox regression analysis. 
According to time-dependent ROC analysis, the AUROC of plasma 
DQ concentration on admission was larger than ingestion amount 
at each time point and was statistically significant (p < 0.05) at 
5 days after poisoning. These results indicate that plasma DQ 
concentration on admission was superior to ingestion amount for 
the prediction of DQ poisoning patient survival or death. In this 
study, the longest survival time of 4.5 days after DQ poisoning, 
and no events occurred beyond 5 days. This may be relative to 
the fact that the most of non-survivors were fulminant poisoning.

By using a cut-off value (1.05 ug/ml, AUROC = 0.971, sensitivity 
= 100%, specificity = 62.69%) of plasma DQ concentration on 
admission at 5 days after poisoning, the cumulative survival rate 
of the high concentration group (≥ 1.05 ug/ml) was only 17.1%. 
Therefore, for patients with plasma DQ concentration above 1.05 
ug/ml taken within 36 hours after ingestion, the prognosis is 
poor. And neither HP nor HP combined with CVVH could improve 
target organ damage. However, for patients with plasma DQ 
concentrations below 1.05 ug/ml taken within 36 hours after 
ingestion, HP and (or) CVVH should be administered actively 
administered early to increase toxicant excretion, reduce target 
organ damage, and improve patient prognosis.

Our study has some limitations. Firstly, the present study 
is a single-center retrospective study. The sample size is rather 
small for patients with acute oral DQ poisoning for the statistical 
analysis. A multi-center clinical study is required. Secondly, the 
most of non-survivors were fulminant poisoning and died within 
2 days after poisoning, potentially leading to bias. Finally, due to 
ethical considerations, all patients included in this study were 
treated with blood purification. Although this study does not 
prove that blood purification can affect the prognosis of patients, 
its efficacy still needs to be further explored.

CONCLUSION

Plasma DQ concentration on admission and PSS within 24 h 
of admission are independent prognostic factors for in-hospital 
case fatality rate of patients with acute oral DQ poisoning. The 
prognostic value of plasma DQ concentration decreased with 
time.
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