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Abstract

Aim: This study aims to explore the evaluation of lactic acid (Lac) and neutrophil gelatinase-
associated lipocalin (NGAL) on the condition and prognosis of patients with diquat (DQ)
poisoning.

Methods: A total of 79 cases of DQ_poisoning treated in one hospital from January 2019
through February 2023 were included: 10 cases of mild poisoning, 49 cases of moderate to
severe poisoning, and 20 cases of fulminant poisoning. According to the Kidney Disease:
Improving Global Outcomes-acute kidney injury (KDIGO-AKI) criteria, the patients were
divided into 60 cases in the AKI group and 19 cases in the non-acute kidney injury (NAKI)
group. According to the AKI diagnostic indicators, AKI patients were divided into Grade I,
Grade II, and Grade III. According to prognosis, the patients were divided into survivor
group and non-survivor group. During the same period, 30 healthy subjects were selected as
the healthy group. The changes of blood Lac, NGAL, cystatin C (CysC), and serum
creatinine (Scr) levels of patients were detected, the 28-day survival of patients was recorded,
and the correlation between blood Lac, NGAL levels, and renal injury grade in patients with
AKI caused by DQ_poisoning was analyzed. The receiver operator characteristic (ROC)
curve was used to evaluate the predictive value and prognostic value of Lac, NGAL, and
their combination in patients with AKI caused by DQ_poisoning.

Results: There were significant differences in AKI grade, Lac, NGAL, CysC, and Scr levels
among different degrees of poisoning groups (P < .05). There were significant differences in
the levels of Lac, NGAL, CysC, and Scr among patients with different AKI grades
(P <.05). The levels of Lac, NGAL, CysC, and Scr in the survivor group were significantly
lower than those in the non-survivor group (P < .05). The blood Lac and NGAL levels were
positively correlated with AKI grades in patients with DQ_poisoning (r=0.752, 0.836;
P =.000, .000). The combined detection of blood Lac and NGAL had higher predictive
value for AKI and assessed value for death in DQ_poisoning than either of them alone.
Conclusion: The combined detection of Lac and NGAL have a certain clinical value in
AKI grading and evaluating AKI prognosis caused by DQ_poisoning.

Zhu Q,Xu W, Qi H, Zhu B, Wang W. Evaluation of Lac and NGAL on the condition
and prognosis of patients with diquat poisoning. Prehosp Disaster Med. 2023;38(5):
564-569.

Introduction

Diquat (DQ) has been widely used in agriculture as a bipyridyl contact herbicide in China,
where the production of paraquat has been explicitly prohibited. With the aggravation of life
pressure, the incidence of acute DQ_poisoning has been increasing year by year, and there is
no effective detoxification drug for it in clinical practice. It is known that DQ is highly toxic
and can cause systemic multi-organ damage by exposure and oral administration. Notably,
DQ_is absorbed and excreted mainly through the kidney, which is the target organ of
damage. Studies have shown that most patients with acute DQ _poisoning will develop acute
kidney injury (AKI), and complications following kidney injury can lead to further
exacerbation of the condition, resulting in a worse prognosis.! Neutrophil gelatinase-
associated lipocalin (NGAL) is an early biomarker reflecting AKI,? and lactic acid (Lac) is
an independent risk factor for death in patients with severe AKI,? but the correlation
between NGAL and Lac and the condition of patients with DQ_poisoning has not been
reported. In view of the few clinical studies on AKI, this study aims to investigate the value of
Lac and NGAL in the assessment of the condition and prognosis of patients with DQ_
poisoning, in order to provide valuable clinical guidance.
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Data and Methods

Study Design

A prospective study was conducted to analyze 79 patients with
moderate to severe DQ _poisoning combined with AKI admitted to
Harrison International Peace Hospital (Hengshui, China) from
January 2019 through February 2023. The changes of Lac, NGAL,
cystatin C (CysC), and serum creatinine (Scr) levels in the three
groups of patients with different poisoning degrees were observed.
The changes of Lac, NGAL, CysC, and Scr levels in AKI group
and non-acute kidney injury (NAKI) group were observed. The
changes of Lac, NGAL, CysC, and Scr levels in patients with
different grades of AKI, and the changes of Lac, NGAL, CysC,
and Scr levels in the survival group and the non-survival group,
were analyzed. The survival of patients at 28 days was recorded, and
the correlation between Lac and NGAL and renal function grading
in patients with DQ_poisoning was analyzed. The predictive value
and prognostic value of Lac, NGAL, and their combination for
AKI in patients with DQ_poisoning were evaluated using receiver
operator characteristic (ROC) curves.

General Information

The age of 79 patients ranged from 40 to 70 years, with a mean of
52.6 (SD = 15.9) years old, including 46 males and 33 females. The
diagnostic criteria for DQ_poisoning were referred to the Expert
Consensus on the Diagnosis, Treatment, and Therapy of Acute
Diquat Poisoning,* and the 2012 Kidney Disease: Improving
Global Outcomes (KDIGO; Brussels, Belgium)-AKI diagnostic
criteria were used for AKI diagnosis.s Inclusion criteria included a
clear history of oral DQ_and survival time of more than two days
after admission. Patients who refused hemoperfusion (HP)
therapy; patients with previous severe cardiopulmonary, hepatic,
and renal disease; and patients with pregnancy, malignancy, and
other poisoning were excluded. Among them, four cases were
missing completely at random, with an incidence of 5.06%. The
study was approved by the ethics committee of Harrison
International Peace Hospital Affiliated to Hebei Medical
University (No. 2019-1-014), and informed consent was obtained
from the patients’ families.

Grouping

According to the severity of the disease, 79 patients of DQ_
poisoning were divided into mild poisoning (10 cases), moderate to

severe poisoning (49 cases), and fulminant poisoning (20 cases).

According to the KDIGO-AKI criteria, patients were divided into

AKI group (60 cases) and NAKI group (19 cases). Patients in the

AKI group were divided into 15 cases of AKI Grade I, 24 cases of
AKI Grade II, and 21 cases of AKI Grade III. According to their

prognosis, patients were divided into survival group (51 cases) and

non-survival group (28 cases).

Treatment Methods

After admission, all patients were given gastric lavage, catharsis,
fluid infusion, diuresis, vitamin C, and other medications
according to the Expert Consensus on the Diagnosis,
Treatment, and Therapy of Acute Diquat Poisoning, and all
patients were given continuous HP treatment within two hours of
admission. Toxicological tests were performed every two hours
after the start of HP until no DQ_components were detected in
blood and urine. Patients with Scr 1.5- to 1.9-times the basal value
or > 0.3mg/dL (> 26.5pmol/L) or urine output < 0.5mL/(kg*h)
were treated with continuous hemofiltration

(CVVH) and symptomatic supportive therapy.

vVEno-venous

Detection Methods

A total of 15mL of venous blood was taken from all patients after
admission and NGAL was detected by enzyme-linked immuno-
assay (Shenzhen Micropoint Biotechnology Co., Ltd.; Shenzhen,
China). After 1mL of arterial blood was taken, Lac (normal value
1-2mmol/L) were detected by a blood gas analyzer (i-STAT
System, Abbott Laboratories; Chicago, Illinois USA), and CysC
and Scr were detected by an automatic biochemistry analyzer

(Hitachi; Tokyo, Japan).

Statistical Analysis

SPSS 23.0 software (IBM Corp.; Armonk, New York USA) was
applied to analyze the data, and the measurement data were
expressed as mean (standard deviation [SD]). The comparisons
between the two groups were analyzed by t-test, and F test was used
for comparisons between multiple groups. The y? test was used for
rate comparison. Kaplan-Meier survival curves were plotted, and
Log Rank test was used to compare the differences in survival rates.
Correlation analysis was performed using Spearson correlation
analysis. The ROC curves were used to evaluate the predictive value
of the occurrence of AKI and prognosis in patients with DQ_
poisoning. The test level was o = 0.05, and P < .05 was considered
statistically significant.

Results

Comparison of Clinical Indices of Patients in the Mild Poisoning
Group, Moderate to Severe Poisoning Group, and Fulminant
Poisoning Group

Compared with the healthy group, there were no significant
differences in the proportion of males and age of patients in the
three groups (P > .05). The differences in doses of oral DQ, AKI
grade, Lac, NGAL, CysC, and Scr were statistically significant
(P < .05; Table 1).

Comparison of Observation Index Levels in AKI and NAKI Groups
The levels of Lac, NGAL, CysC, and Scr were higher in the AKI
group than in the NAKI group, and the differences were
statistically significant (P < .05; Table 2).

Comparison of Observation Index Levels in Patients with Different
AKI Grades

The levels of Lac, NGAL, CysC, and Scr in AKI Grade I patients
were lower than those in AKI Grade II and AKI Grade III and
AKI Grade II was lower than AKI Grade III, and the differences
were statistically significant (P < .05; Table 3). The Lac, NGAL,
CysC, and Scr levels gradually increased with the aggravation of
AKI grading.

Comparison of Observation Index Levels in the Surviving and
Non-Surviving Groups

The Lac, NGAL, CysC, and Scr levels in the survivor group were
significantly lower than those in the non-survivor group, and the
differences were all statistically significant (P < .05; Table 4).

Correlation between Blood Lac and NGAL Levels and AKT
Classification in Patients with DQ Poisoning

The higher the admission blood Lac and NGAL levels of acute
DQ_ patients, the higher the AKI grading of the patients.
Correlation analysis suggested a positive correlation between
blood Lac and NGAL levels and AKI grading of DQ_poisoning
patients (r=0.752, 0.836; P = .000, .000).
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Clinical Indices Mild Poisoning Moderate to Fulminant Healthy Group F Value P Value
Group Severe Poisoning | Poisoning Group (n=30)
(n=10) Group (n=20)
(n=49)
Male (number, %) | 6 (60.0) 28 (57.14) 11 (55.0) 16 (53.3) 0.228 .974
Age (mean [SD]) 52.5 53.1 51.9 52.2 0.348 .735
(SD=15.5) (SD=14.8) (SD=16.1) (SD=16.7)
Oral Dose of 0.51 8.38 16.1 —_— 16.382 .000
(P,\j:gf]'c[‘gé%) (SD=0.18) (SD=1.26) (SD=4.8)
AKI Grade (number, %)

I 1 (10.00) 14 (28.57) 0 (0.00) —

I 1 (10.00) 10 (28.57) 9 (45.00) —_— 44.229 .000
n 0 (0.00) 10 (20.41) 11 (55.0) —_—

Lac (2.02, 2.44) (2.59, 2.99) (2.98, 3.67) (0.90, 1.12) 10.377 .000
(mmol/L, 95% ClI)

NGAL (133.71, 192.09) (197.91,231.09) | (331.14, 376.46) (78.98, 88.22) 72.647 .000
(ng/mL, 95% ClI)

CysC (1.15, 1.43) (3.56, 3.94) (4.56, 5.30) (0.65, 0.81) 124.08 .000
(mg/L, 95% CI)

Scr (145.79, 174.01) (255.05, 277.95) | (358.19, 399.01) (71.47,79.73) 137.78 .000
(pmol/L, 95% ClI)

Zhu © 2023 Prehospital and Disaster Medicine

Table 1. Comparison of Clinical Data among Three Groups at Admission
Abbreviations: AKI, acute kidney injury; Lac, lactic acid; NGAL, neutrophil gelatinase-associated lipocalin; CysC, cystatin C; Scr, serum

creatinine.
Group Number Lac (mmol/L) NGAL (ng/mL) CysC (mg/L) Scr (zmol/L)
AKI Group 60 (2.95, 3.33) (270.33, 305.27) (3.80, 4.36) (270.81, 291.19)
NAKI Group 19 (2.04, 2.34) (86.27, 108.73) (0.83,1.17) (73.58, 87.82)
t Value 6.592 14.319 14.367 17.213
P Value .000 .000 .000 .000

Zhu © 2023 Prehospital and Disaster Medicine

Table 2. Comparison of Observation Index Levels in AKI and NAKI Groups (95% confidence interval)
Abbreviations: AKI, acute kidney injury; NAKI, non-acute kidney injury; Lac, lactic acid; NGAL, neutrophil gelatinase-associated lipocalin;

CysC, cystatin C; Scr, serum creatinine.

Group Number Lac (mmol/L) NGAL (ng/mL) CysC (mg/L) Scr (umol/L)
AKI | 15 (2.64, 3.08) (168.26, 188.33) (1.40, 1.64) (166.97, 192.03)
AKI NI 24 (3.06, 3.76) (270.97, 298.83) (3.06, 3.56) (256.59, 287.81)
AKI I 21 (4.58, 5.54) (355.25, 398.95) (5.24, 6.20) (366.39,410.00)
tValue 46.683 87.805 256.40 136.59

P Value .000 .000 .000 .000

Zhu © 2023 Prehospital and Disaster Medicine

Table 3. Comparison of Observation Index Levels in Patients with Different AKI Grades (95% confidence interval)
Abbreviations: AKI, acute kidney injury; Lac, lactic acid; NGAL, neutrophil gelatinase-associated lipocalin; CysC, cystatin C; Scr, serum creatinine.

Analysis of the Predictive Ability of Lac, NGAL, and their
Combination on AKI in Patients with Acute DQ Poisoning

Based on the optimal threshold, the combined Lac-NGAL test
index (Lac>2.65mmol/LL and NGAL >202.63ng/mL) was
calculated (Table 5). The ROC curves were plotted, and area
under curve (AUC) values were 0.746, 0.841, and 0.860,

respectively (Figure 1). Therefore, the combined Lac-NGAL test
was more valuable for predicting AKI.

Analysis of the Prognostic Assessment Ability of Lac, NGAL, and
their Combination in Patients with DQ Poisoning

The best cut off values of Lac and NGAL for predicting the risk of
death at 28 days were 3.25mmol/L and 294.08ng/mL, with
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Group Number Lac (mmol/L) NGAL CysC (mg/L) Scr
(ng/mL) (xmol/L)

Surviving Group 51 (2.13, 2.45) (165.80, 178.40) (2.05, 2.37) (133.77, 147.82)

Non-Surviving Group 28 (3.26, 4.06) (316.93, 349.87) (4.53, 5.09) (311.25, 348.55)

t Value 16.083 10.276 10.277 18.385

P Value .000 .000 .000 .000

Zhu © 2023 Prehospital and Disaster Medicine

Table 4. Comparison of Observation Index Levels in the Surviving and Non-Surviving Groups (95% confidence interval)
Abbreviations: Lac, lactic acid; NGAL, neutrophil gelatinase-associated lipocalin; CysC, cystatin C; Scr, serum creatinine.

AUC P Value 95% CI Cut Off Value Sensitivity Specificity
Lac 0.746 <.001 (0.635, 0.856) 2.65 mmol/L 0.633 0.769
NGAL 0.841 <.001 (0.751, 0.931) 202.63 ng/mL 0.867 0.801
Lac and NGAL 0.860 < .001 (0.755, 0.945) 0.883 0.821

Zhu © 2023 Prehospital and Disaster Medicine

Table 5. Analysis of the Predictive Ability of Lac, NGAL, and their Combination on AKI in Patients with Acute DQ_Poisoning
Abbreviations: AUC, area under curve; Lac, lactic acid; NGAL, neutrophil gelatinase-associated lipocalin; AKI, acute kidney injury; DQ, diquat.
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Figure 1. ROC Curves of Lac, NGAL, and their

Combination on AKI in Patients with Acute DQ_Poisoning.
Abbreviations: ROC, receiver operator characteristic; Lac,

lactic acid; NGAL, neutrophil gelatinase-associated lipocalin;
AKI, acute kidney injury; DQ, diquat.

sensitivities of 0.742 and 0.774 and specificities of 0.836 and 0.855,
respectively (Table 6). The AUC of the combination of the two was
the largest (0.854), which was better than that of the single index,
with sensitivities and specificities of 0.810 and 0.882, respectively
(Figure 2).
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Figure 2. ROC Curves of Predictive Value of Lac, NGAL,
and their Combination on the Risk of Death in Patients with
DQ_Poisoning.

Abbreviations: ROC, receiver operator characteristic; Lac,
lactic acid; NGAL, neutrophil gelatinase-associated lipocalin;
DQ, diquat

Discussion

Acute kidney injury is a syndrome of acute renal function decline
caused by a variety of reasons, and is one of the common complications
in critically ill patients.® It is proposed for AKI to prevent progression
of DQ_patients to renal failure and improve the prognosis of patients
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Values of Lac and NGAL in Patients with DQ_Poisoning

AUC P Value 95% CI Cut Off Value Sensitivity Specificity
Lac 0.767 <.001 (0.647, 0.886) 3.25 mmol/L 0.742 0.836
NGAL 0.829 <.001 (0.719, 0.940) 294.08 ng/mL 0.774 0.855
Lac and NGAL 0.854 <.001 (0.751, 0.956) 0.810 0.882

Zhu © 2023 Prehospital and Disaster Medicine

Table 6. Predictive Value of Lac, NGAL, and their Combination on the Risk of Death in Patients with DQ_Poisoning
Abbreviations: AUC, area under curve; Lac, lactic acid; NGAL, neutrophil gelatinase-associated lipocalin; DQ, diquat.

through early identification and intervention. Notably, DQ is a fast-
acting non-selective bipyridyl herbicide with a structure similar to
paraquat.” Currently, it is widely used in agricultural production as an
alternative to paraquat. The incidence of exposure to or accidental or
oral ingestion of DQ is also gradually increasing, so DQ _poisoning has
become another problem for emergency medical personnel after
paraquat poisoning. Severe paraquat poisoning can lead to acute
respiratory distress syndrome, multiple organ dysfunction syndrome,
and patients mostly die from respiratory failure. Oral administration of
DAQ nto the body results in oral mucosal ulcers, nausea, vomiting, skin
mucosa and nail damage, coma, hepatic and renal impairment,
pulmonary edema, intracranial hemorrhage, or cerebral infarction, but
renal injury is the most common.® Clinical treatment mainly involves
protecting the kidneys, maintaining the kidneys themselves, and
enhancing the renal metabolic function to facilitate the clearance of
toxins and reduce the occurrence of AKI. However, the success rate of
treatment is low. The current unit has investigated the effect of
continuous HP and intermittent HP on the clearance of DQ, and the
results showed that continuous HP is more effective in clearing
inflammatory mediators and other aspects.” Therefore, continuous
HP was adopted for treatment in this study.

Dosage, urinary DQ _concentration, Scr, and Acute Physiology
and Chronic Health Evaluation (APACHE) II score are risk
factors for death in acute DQ_poisoning, and APACHE II score
can help clinicians to more accurately predict the prognosis of
patients with DQ_poisoning.!® Therefore, Scr is still one of the
clinical monitoring indicators for the diagnosis of AKI, but the
increase of Scr level lacks synchronization with the degree of renal
impairment and is not sensitive enough.! With the deepening of
clinical research, investigators are committed to exploring more
accurate markers for assessing the degree of AKI. It has been found
that NGAL, a secretory protein identified in neutrophils in 1993,12
has a high correlation with AKI. Under physiological conditions,
NGAL exists in renal tubular epithelial cells at a low level, and it is
highly expressed in ischemic or nephrotoxic AKL.'3 Notably,
NGAL is considered a clinical biomarker for identifying AKI, and
it can be used as an early biomarker to detect AKI in critically ill
patients with sepsis in the intensive care unit in order to initiate
potentially beneficial therapy before irreversible renal injury occurs.
Recent studies have shown that NGAL is an independent risk
factor for AKI in elderly patients and can be used to evaluate the
prognosis of DQ.!*! In this study, the blood NGAL levels of
patients with AKI caused by DQ_ poisoning were significantly
higher than those of healthy subjects on admission and increased
with the aggravation of AKI, and the correlation analysis suggested
that there was a positive correlation between the serum NGAL
level and AKI grade. Furthermore, NGAL levels in the non-
survival group were significantly higher than those in the survival
group, suggesting that NGAL can determine the degree of organ
function damage in patients and thus guide clinical treatment. In
addition, ROC curves showed that the optimal thresholds of
NGAL for predicting AKI and death were 202.63ng/mL and

294.08ng/mL, respectively, with the highest sensitivity and
specificity. Therefore, NGAL can be used to evaluate the condition
and prognosis of AKI patients caused by DQ_poisoning.
Patients with DQ_poisoning may have obvious renal tubular
epithelial cell damage, and the severity of renal damage may range
from the appearance of proteinuria to acute renal failure,* but the
specific mechanism is unclear. Lac reflects the body’s micro-
circulatory perfusion, measures whether the body is hypoxic and
whether renal blood flow is abundant, and is extremely sensitive to
tissue ischemia. Studies have shown that ischemia and hypoxia
predispose to AKI, suggesting that high Lac may be closely related
to the development of AKL.!® Gong, et al found that elevated Lac
was an independent risk factor for the development of sepsis-
associated AKI and death.’” When Lac > 2.75mmol/L, the risk of
AKI in patients with sepsis increased 1.772-fold; when
Lac > 5.95mmol/L, the risk of in-hospital death in septic AKI
patients increased 1.511-fold. Patients with DQ_ poisoning,
especially those with severe and fulminant poisoning, have severe
organ damage and rapidly changing conditions. Therefore, there is
a clinical need for rapid, highly sensitive, and specific indicators to
help assess the severity of the disease and determine the prognosis.
In this study, it was found that Lac levels in DQ_poisoned patients
were higher than those in healthy controls and increased with the
aggravation of AKI, and correlation analysis suggested that Lac
levels were positively correlated with AKI grade. In addition, the
Lac level of AKI group was higher than that of NAKI group, and
the Lac level of non-survival group was higher than that of survival
group, so Lac can be used as an evaluation index to determine the
occurrence of AKI in patients with DQ_poisoning. The results of
this study showed that Lac and NGAL have diagnostic and
prognostic value for AKI and death due to DQ_poisoning (AUC
values up to 0.860 and 0.854, respectively), and the value of
combined detection is higher, suggesting that early combined
detection of Lac and NGAL can be one of the effective tools for
clinical diagnosis and prognosis of AKI caused by DQ_poisoning.

Limitations

It is worth noting that this study, as a single-center study, has some
limitations, with a limited number of cases, which may lead to biased
results. Therefore, further confirmation is needed in terms of sample
size, multicenter clinical studies, and basic medicine in the future.

Conclusion

Levels of Lac and NGAL can indicate the appearance of AKI
earlier and gradually increase with the aggravation of AKI, and are
positively correlated with AKI grade. The combined detection of
Lac and NGAL can be used for early assessment, prognosis, and
treatment guidance. As stated, this study, as a single-center study,
has some limitations, with a limited number of cases, which may
lead to biased results. Therefore, further confirmation is needed in
terms of sample size, multicenter clinical studies, and basic
medicine in the future.
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