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Comparison of Anticoagulant Effect of Low-Molecular-
Weight Heparin Sodium and Sodium Citrate on Patients with 
Severe Acute Kidney Injury Treated by Continuous Renal 
Replacement Therapy

Yunxia Meng1, Chengzhi Xie1, Zheng Lin1, Yuxiang Xie1

Introduction. Continuous renal replacement therapy (CRRT) is 
effective in treating acute kidney injury (AKI), but it requires 
anticoagulants.  The study was conducted to compare the 
anticoagulant effect of low-molecular-weight heparin (LMWH) 
sodium and sodium citrate on AKI patients treated by CRRT. 
Methods. The medical records of 150 severe AKI patients treated 
by CRRT in the Second Affiliated Hospital of Hainan Medical 
College (China, Hainan) from January 2020 to January 2023 were 
analyzed retrospectively. LMWH sodium was administered as an 
anticoagulant for 72 patients in the control group, and the remaining 
78 receiving sodium citrate were enrolled into the observation 
group. Outcomes compared between groups included coagulation 
indices, inflammatory factors and renal function indices prior and 
post therapy, filter lifespan and adverse reactions.
Results. Post therapy, in contrast to the control group, the observation 
group showed notably lower prothrombin time (PT) and activated 
partial thromboplastin time (APTT) levels and a notably higher 
platelet (PLT) level (P < .05) and presented notably lower C-reactive 
protein (CRP) and interleukin-6 (IL-6) levels (P < .05). In contrast 
to the control group, the observation group experienced a notably 
longer filter service life and a notably lower total incidence of 
adverse reactions (P < .05).
Conclusion. Sodium citrate had a better anticoagulant effect than 
LMWH for severe AKI patients treated by CRRT, improving renal 
function and filter longevity with fewer adverse effects.
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INTRODUCTION
Acute kidney injury (AKI) refers to the rapid 

decline in kidney function within several hours 
or days, which is not considered as a pathological 
state of single organ failure, but a syndrome, in 
which the kidney takes a part in the progress of 
multiple organ dysfunction.1 Currently, AKI shows 
an increasing incidence, accounting for 8-16% of the 

inpatient, with a corresponding in-hospital mortality 
rate of as high as 20%.2,3 The treatment strategies 
for AKI primarily involve correcting acid-base and 
electrolyte disorders, managing fluid level, avoiding 
nephrotoxic medications, and considering renal 
replacement therapy.4 However, the management 
of electrolyte disorders and other interventions are 
often individualized, and the effectiveness of these 
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approaches remains controversial.5 Continuous 
renal replacement therapy (CRRT) is the only 
alternative available for renal diseases, which is 
crucial for the treatment of AKI.6 

Although CRRT can restore some important renal 
functions by correcting fluid imbalance and 
removing toxins, anticoagulants are required to 
ensure the patency of circulation during treatment.7

If extracorporeal circulation coagulation occurs in the 
process of CRRT, it will compromise the treatment 
effect on patients, and also endanger life and safety of 
patients in serious cases, so effective anticoagulation 
is particularly important.8 Sodium citrate and low- 
molecular-weight heparin (LMWH) sodium are 
clinically available anticoagulants in recent years. At 
present, LMWH sodium is extensively adopted to 
prevent thrombosis and treat thrombotic diseases.9 

Increased friction between blood and the inner wall 
of blood vessels and the activation of coagulation 
factors can easily trigger thrombosis, and LMWH 
can prevent thrombosis by inhibiting the activation 
of coagulation factors and platelet (PLT) aggregation, 
but it may increase the risk of bleeding.10 Moreover, 
prior research has pointed out that LMWH has 
the risk of binging bleeding.11 Sodium citrate can 
achieve complete anticoagulation in vitro while 
avoiding significant effect on blood coagulation in 
vivo, and it has stable and lasting anticoagulation 
effect while having a low risk of causing bleeding.12

However, more clinical studies are required to verify 
the application effect of sodium citrate. 

This study was to compare the anticoagulant 
influence of LMWH sodium and sodium citrate on 
severe AKI patients treated by CRRT, to provide 
direction and basis for clinical treatment. 

MATERIALS AND METHODS 
Patient data 

The medical records of 150 patients with severe 
AKI treated with CRRT in the Second Affiliated 
Hospital of Hainan Medical College (China, 
Hainan) from January 2020 to January 2023 were 
collected and analyzed retrospectively. LMWH 
sodium was administered as an anticoagulant in 
CRRT for 72 participants allocated to the control 
group, comprising 48 males and 24 females (mean 
age: (60.8 ± 9.2) years) and the other 78 patients 
treated with sodium citrate were enrolled into the 
observation group, comprising 47 males and 31 
females (mean age (61.3 ± 9.8) years). 

Inclusion and exclusion criteria 
Inclusion criteria: Cases diagnosed with severe 

AKI; patients who were treated with CRRT; 
aged ≥ 18 years; patients whose duration of each 
dialysis was ≥ 24 h; and cases with required 
clinicopathological data. 

Exclusion criteria: cases with medication 
allergies, chronic renal insufficiency of various 
etiologies, autoimmune illnesses, intolerance to the 
therapeutic techniques used in this investigation, or 
coagulation malfunction. 

Therapeutic regimen 
All patients were treated by CRRT. A vascular 

access was established with a femoral or internal 
jugular vein, and replacement fluid was infused. The 
temperature was kept at 37-38℃; the replacement 
fluid was set to be 2000mL/h, and the blood flow to 
be 150-200 mL/min. The replacement fluid included 
3000 mL 0.9% normal saline, 100mL 5% sodium 
bicarbonate, 100mL 5% glucose, 1000mL sterile 
water, 3mL 25% magnesium sulfate and 12-15 mL 
10% potassium chloride. The dosage of potassium 
chloride was adjusted according to the electrolyte 
level of the patients. The control group patients 
received LMWH sodium as an anticoagulant. 
The initial dose was 60-80 U/kg, and then it was 
added at the dose of 10-20 U/kg. If the patient’s 
glomerular filtration rate was below 30 ml/min, the 
dosage would be reduced by half. Patients in the 
observation group received sodium citrate as an 
anticoagulant. Before hemofiltration, sodium citrate 
solution for anticoagulation was pumped into 
arterial vascular access at the pump speed of 160-180 
mL/h, and calcium gluconate was infused at the 
peripheral vein at 10 mL/h. The infusion speed of 
calcium gluconate and sodium citrate was adjusted 
according to the body’s free calcium concentration 
to ensure that the free calcium concentration was 
kept at 1.0-1.2 mmol/L, and the ionic calcium 
concentration at 0.25-0.40 mmol/L after the filter. 

Outcome measures 
(1) The coagulation indices in the two groups were

compared prior to and post CRRT treatment,
involving activated partial thromboplastin
time (APTT) prothrombin time (PT), as well as
PLT count.

(2) The inflammatory factors in the two groups
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were compared prior to and post CRRT 
treatment, involving C-reactive protein (CRP) 
and interleukin-6 (IL-6). 

(3) The filter lifespan of the two groups was
compared.

(4) The levels of renal function indices [creatinine
(Cr) and blood urea nitrogen (BUN)] and
compared prior to and post CRRT treatment in
the two groups.

(5) The adverse reactions including hemorrhage,
thrombocytopenia and diarrhea were recorded.

Statistical analyses 
In this study SPSS 20.0 (IBM Corp., Armonk, NY, 

USA) was adopted for statistical analyses of the 
collected data, and Graphpad Prism 7 (GraphPad 
Software Co., Ltd., San Diego, USA) for data 
visualization. Measurement data were described 
through mean ± standard deviation, and their 
intergroup and intra-group comparisons were 
performed through the independent-samples T test 
and paired t test, respectively. Counting data were 
presented through cases (%) and compared between 
groups using the c2 test which presented a notable 
difference (P < .05). 

RESULTS 
Baseline data of patients 

The patients’ baseline data are summarized in 

Table 1. The two groups were not greatly different 
regarding age, sex, severe infection, cause of disease, 
history of smoking, history of alcoholism, blood 
phosphorus, and blood calcium levels (P > .05). 

Coagulation function of the two groups 
Prior to therapy, the two groups did not differ 

notably regarding PT, APTT, as well as PLT levels (P 
> .05), whereas after it, PT and APTT in both groups
increased conspicuously and PLT count in both
groups decreased markedly. Additionally, the
observation group presented markedly lower PT
and APTT level and a notably higher PLT level in
contrast to the control group (P < .05, Figure 1).

Inflammatory factors and filter lifespan in the 
two groups 

Before therapy, the levels of CRP and IL-6 in 
the two groups were not greatly different (P > .05), 
while after it, the levels of them decreased notably, 
with markedly lower levels in the observation group 
(P < .05). The observation group experienced a 
notably longer filter lifespan than the control group 
(P < .05, Figure 2). 

Renal function of the two groups 
Before treatment, the two groups were similar 

regarding the levels of renal function indices, Cr and 
BUN (P > .05), while post therapy, the levels 

Table 1. Baseline data 

Observation group Control group 

(n = 78) (n = 72) 
Age (years) 61.3 ± 9.8 60.8 ± 9.2 
Sex 

Male 47 (60.26) 48 (66.67) 
Female 31 (39.74) 24 (33.33) 

Severe infection 

Cause of disease 
Prerenal 32 (41.03) 31 (43.05) 
Post-renal 25 (32.05) 19 (26.39) 
Renal parenchymal 21 (26.92) 22 (30.56) 

History of smoking 

0.618 .734 

Yes 17 (21.79) 13 (18.06) 0.327 .567 
No 61 (78.21) 59 (81.94) 

History of alcohol consumption 
Yes 17 (21.79) 18 (25.00) 0.215 .643 
No 61 (78.21) 54 (75.00) 

Blood phosphorus (mmoL/L) 1.34 ± 0.32 1.30 ± 0.26 0.836 .405 
Blood calcium (mmoL/L) 2.21 ± 0.51 2.30 ± 0.45 1.142 .255 

Yes 22 (28.21) 16 (22.22) 
No 56 (71.79) 56 (77.78) 

t/χ2 P 

0.322 .748 

0.663 .416 

0.709 .400 
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of Cr and BUN in both groups reduced notably, with 
more significantly lower in the observation group (P 
< .05, Figure 3). 

Adverse reactions in patients 
Hemorrhage, thrombocytopenia and diarrhea 

occurred in both groups, and a markedly lower 
incidence of adverse reactions was found in the 

A B C 
Figure 1. Coagulation function of the two groups before and after treatment. (A) Changes of APTT in patients before and after 
treatment. (B) Changes of PT in patients before and after treatment. (C) Changes of PLT in patients before and after treatment. 

A B C 
Figure 2. Comparison of inflammatory factors and filter lifespan between the two groups before and after treatment. (A) Changes of 
CRP in patients before and after treatment. (B) Changes of IL-6 in patients before and after treatment. (C) Comparison of filter usage 
time between the two groups. 

A B 
Figure 3. Renal function of the two groups before and after treatment. (A) Changes of Cr in patients before and after treatment. (B) 
Changes of BUN in patients before and after treatment. 
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Table 2. Adverse reactions 

Observation group 
(n = 78) 

Control group 
(n = 72) χ2 P 

Hemorrhage 1 (1.28) 5 (6.94) 
Thrombocytopenia 2 (2.56) 6 (8.33) 
Diarrhea 2 (2.56) 3 (4.17) 
Total adverse reactions 5 (6.41) 14 (19.44) 5.609 .018 

observation group in contrast to the control group (P 
< .05, Table 2) 

DISCUSSION 
Patients with AKI experience a sudden or 

progressive decline in renal function within a short 
period, causing the rapid accumulation of metabolic 
waste and harmful substances in the body.13

Continuous renal replacement therapy (CRRT) 
employs principles such as convection, diffusion, 
and adsorption to continuously eliminating toxins, 
metabolites, and pathogenic biomolecules from the 
body, making it the preferred treatment for severe 
AKI patients.14 Anticoagulation is a critical 
component of CRRT. An effective anticoagulation 
protocol can substantially decrease the risk of 
blood clot formation within the filter, extend the 
filter’s lifespan, and prevent bleeding complications 
without increasing the risk of embolism.15 

This study revealed that after CRRT treatment, 
both groups experienced an elevation in PT and 
APTT, along with a reduction in PLT count. 
Particularly, the group receiving sodium citrate 
exhibited significantly lower PT and APTT 
values and a significantly higher PLT compared 
to patients who received LMWH. The results 
suggest that sodium citrate is safer than LMWH, 
with little effect on the coagulation function of 
patients treated with CRRT. The possible reason 
is as follows: As an anticoagulant in hemodialysis, 
sodium citrate may decrease PT and APTT values 
due to inhibition of thrombin, and the level of PLT 
may be relatively high because it acts for a short time 
and has relatively little effect on PLTs.16,17 In 
addition, in the present study, CRP and IL-6 in both 
groups decreased notably after therapy and patients 
treated with sodium citrate showed notably lower 
levels of these inflammatory factors than the patients 
treated with LMWH. These results imply that 
sodium citrate has a better anti-inflammatory effect 
and can effectively extend the lifespan of the filter. 
Panichi et al. also revealed that sodium 

citrate is more beneficial in improving the level of 
inflammation and biocompatibility in chronic 
dialysis patients.18 

This study also determined the renal function 
indices, Cr and BUN, in the two groups and found 
that sodium citrate could decrease Cr and BUN 
levels more effectively than LMWH after treatment. 
The combination of calcium ions and citrate ions in 
the blood can form soluble calcium citrate, which is 
more difficult to dissociate, further reducing the 
concentration of calcium ions in the blood, 
promoting the discharge of harmful substances such as 
serum Cr and BUN, slowly and continuously 
removing harmful substances, alleviating kidney 
damage, thereby improving kidney function.19,20 

Finally, this study found a markedly lower 
incidence of adverse reactions among patients treated 
with sodium citrate than those treated with LMWH. 
Szymczak et al. have also revealed that sodium citrate 
can substantially reduce the probability of bleeding 
and infection as an anticoagulant in hemodialysis 
treatment,21 which supports the results of the present 
study. Compared with LMWH, sodium citrate has 
a shorter duration of action and can be 
quickly removed by liver metabolism after dialysis. 
Compared with sodium citrate, LMWH has a longer 
duration of action and needs a longer time to be 
removed after dialysis. Therefore, sodium citrate can 
exert an effective anticoagulant effect while 
simultaneously being safer.22 

To sum up, for severe AKI patients treated by 
CRRT, sodium citrate has a better anticoagulant 
effect than LMWH, can improve renal function 
effectively, and prolongs the filter lifespan with 
fewer adverse reactions. 

LIMITATIONS 
The case number of the study was small, so it is 

difficult to comprehensively reflect the comparison 
results of LMWH sodium and sodium citrate. 
Secondly, due to the limitation of research time, the 
long-term prognosis of patients is not completely 
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clear. Finally, because this is a retrospective study, 
there may be some unavoidable bias. 

ACKNOWLEDGEMENT 
None. 

FUNDING 
None. 

ETHICAL CONSIDERATIONS 
This study was approved by This study was 

approved by the Ethic Committee of the Second 
Affiliated Hospital of Hainan Medical College 
(ethnical approval number: TZ901453). 

CONFLICT OF INTERESTS 
All authors declare no conflicts of interest for this 

article. 

REFERENCES 
1. Mercado Michael G,Smith Dustin K,Guard Esther L,Acute

Kidney Injury: Diagnosis and Management.[J] .Am Fam
Physician, 2019, 100: 687-694.

2. Chadwick Nathan Maligi,Perman Mai Ling,Leavai
Folototo et al. Acute Kidney Injury: Incidence, aetiology,
management and outcome measures of a Samoan case
series.[J] .Ann Med Surg (Lond), 2022, 75: 103362.

3. Gonsalez Sabrina Ribeiro,Cortês Aline Leal,Silva Raquel
Costa da et al. Acute kidney injury overview: From basic
findings to new prevention and therapy strategies.[J]
.Pharmacol Ther, 2019, 200: 1-12.

4. Li Shiyang,Wang Rui,Wang Yixue et al. Ferroptosis: A
new insight for treatment of acute kidney injury.[J] .Front
Pharmacol, 2022, 13: 1065867.

5. Gameiro Joana,Fonseca José Agapito,Outerelo Cristina et
al. Acute Kidney Injury: From Diagnosis to Prevention and
Treatment Strategies.[J] .J Clin Med, 2020, 9: undefined.

6. Tandukar Srijan,Palevsky Paul M,Continuous Renal
Replacement Therapy: Who, When, Why, and How.[J]
.Chest, 2019, 155: 626-638.

7. Lang Yuheng,Zheng Yue,Qi Bingcai et al. Anticoagulation
with nafamostat mesilate during extracorporeal life
support.[J] .Int J Cardiol, 2022, 366: 71-79.

8. Jonckheer J,Spapen H,Malbrain M L N G et al. Energy
expenditure and caloric targets during continuous
renal replacement therapy under regional citrate
anticoagulation. A viewpoint.[J] .Clin Nutr, 2020, 39: 353-
357. 

9. Hao Cui,Sun Mojian,Wang Hongmei et al. Low molecular
weight heparins and their clinical applications.[J] .Prog
Mol Biol Transl Sci, 2019, 163: 21-39.

10. Lazrak Hind Harrak,René Émilie,Elftouh Naoual et al.
Safety of low-molecular-weight heparin compared to
unfractionated heparin in hemodialysis: a systematic
review and meta-analysis.[J] .BMC Nephrol, 2017,

18: 187. 

11. Hao Cui,Sun Mojian,Wang Hongmei et al. Low molecular
weight heparins and their clinical applications.[J] .Prog
Mol Biol Transl Sci, 2019, 163: 21-39.

12. Cui Qinghong,Sun Feng,Liu Shuyuan et al. [A survey of
regional citrate anticoagulation for emergency continuous
renal replacement therapy].[J] .Zhonghua Wei Zhong Bing
Ji Jiu Yi Xue, 2020, 32: 595-600.

13. Huang Jun-Wen,Su Tao,Tan Ying et al. Serum anti-CRP
antibodies differentiate etiology and predict relapse in
acute tubulointerstitial nephritis.[J] .Clin Kidney J, 2022,
15: 51-59.

14. Gong Jianhua,Yuan Hai,Gao Zhao et al. Wasp venom and
acute kidney injury: The mechanisms and therapeutic role
of renal replacement therapy.[J] .Toxicon, 2019, 163: 1-7.

15. Gould Doug W,Doidge James,Zia Sadique M et al.
Renal replacement anticoagulant management: Protocol
and analysis plan for an observational comparative
effectiveness study of linked data sources.[J] .J Intensive
Care Soc, 2022, 23: 311-317.

16. Luca Salvagno Gian,Demonte Davide,Gelati Matteo et
al. Thrombin generation in different commercial sodium
citrate blood tubes.[J] .J Med Biochem, 2020, 39: 19-24.

17. Keppel Martin H,Auer Simon,Lippi Giuseppe et al. Heparin
and citrate additive carryover during blood collection.[J]
.Clin Chem Lab Med, 2019, 57: 1888-1896.

18. Panichi Vincenzo,Fiaccadori Enrico,Rosati Alberto et
al. Post-dilution on line haemodiafiltration with citrate
dialysate: first clinical experience in chronic dialysis
patients.[J] .ScientificWorldJournal, 2013, 2013: 703612.

19. Bargnoux Anne-Sophie,Barguil Yann,Zaoui Eric et al.
[Dialysis monitoring: peritoneal equilibrium test, regional
citrate anticoagulation and residual renal function].[J] .Ann
Biol Clin (Paris), 2019, 77: 391-396.

20. Deng Yuchun,Xing Jie,Tan Zhi et al. Clinical application
of 4% sodium citrate and heparin in the locking of
central venous catheters (excluding dialysis catheters)
in intensive care unit patients: A pragmatic randomized
controlled trial.[J] .PLoS One, 2023, 18: e0288117.

21. Szymczak Maciej,Weyde Wacław,Penar Józef et al. [The
impact of sodium citrate on dialysis catheter function
and frequency of catheter-related bacteriemia and
haemorrhage].[J] .Postepy Hig Med Dosw (Online), 2009,
63: 457-64.

22. Yuan Fang,Li Zheng,Li Xiejia et al. Application of regional
citrate anticoagulation in membrane therapeutic plasma
exchange.[J] .Int Urol Nephrol, 2020, 52: 2379-2384.

Correspondence to: 
Yuxiang Xie, 
Xiaomin Lu,Division 1 of Critical care Medicine, The 
Second Affiliated Hospital of Hainan Medical College, 
No.368, Yahai Avenue, Longhua District, Haikou570100, 
Hainan Province, China. E-mail: xyx23612286@163.com
Tel:15692523848

Received November 2023 
Revised December 2023 
Accepted December 2023 

mailto:xyx23612286@163.com

	Acute Kidney Injury in Critically Ill Pregnant Women: A Retrospective Study on Risk Factors and Outcomes
	Qifeng Song, Jia Jia, Chen Chen, Guofu Li
	INTRODUCTION
	MATERIALS AND METHODS
	Experimental population
	AKI diagnosis and staging
	Clinical data and epidemiological characteristics
	Data analysis

	RESULTS
	General conditions
	Univariate analysis of AKI risk factors
	Multivariate logistic analysis of AKI risk factors
	Recovery of renal function, prognosis and intervention

	DISCUSSION
	LIMITATIONS
	CONCLUSION
	ABBREVIATIONS
	ACKNOWLEDGEMENT
	DATA AVAILABILITY STATEMENT
	FUNDING
	CONFLICTS OF INTEREST
	REFERENCES


	Comparison of the Safety of Prednisone Plus Dipyridamole Versus Prednisone Plus Valsartan in the Treatment of Children with Primary Nephrotic Syndrome
	Guoqiang Chen, Wenliang Li
	INTRODUCTION
	MATERIALS AND METHODS
	Study participants
	Inclusion and exclusion criteria
	Treatments
	Clinical efficacy evaluation
	Sampling and testing
	Statistical analysis

	RESULTS
	Comparison of clinical efficacy
	Comparison of renal function before and after treatment
	Comparison of coagulation function before and after treatment
	Comparison of inflammatory reaction before and after treatment
	Comparison of immune function before and after treatment
	Comparison of blood lipid function before and after treatment
	Comparison of safety

	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENT
	DECLARATION OF CONFLICTING INTERESTS
	FUNDING
	AVAILABILITY OF DATA AND MATERIALS
	REFERENCES


	Effect of Exchange Systems and Procedure on Long Term Peritonitis in ESKD Patients Undergoing CAPD: A Retrospective Comparative Cohort Study
	Phongsak Dandecha, Atthaphong Phongphithakchai
	INTRODUCTION
	MATERIALS AND METHODS
	Study designs and participants
	Statistical analysis

	RESULTS
	Peritonitis outcome
	Technique survival outcome

	DISCUSSION
	CONCLUSION
	AUTHORS CONTRIBUTION
	DATA AVAILABILITY
	FUNDING
	ETHICAL CONSIDERATIONS
	PATIENT CONSENT FOR PUBLICATION
	CONFLICT OF INTERESTS
	REFERENCES


	Comparison of Anticoagulant Effect of Low-Molecular- Weight Heparin Sodium and Sodium Citrate on Patients with Severe Acute Kidney Injury Treated by Continuous Renal Replacement Therapy
	Yunxia Meng, Chengzhi Xie, Zheng Lin, Yuxiang Xie
	INTRODUCTION
	MATERIALS AND METHODS
	Patient data
	Inclusion and exclusion criteria
	Therapeutic regimen
	Outcome measures
	Statistical analyses

	RESULTS
	Baseline data of patients
	Coagulation function of the two groups
	Inflammatory factors and filter lifespan in the two groups
	Renal function of the two groups
	Adverse reactions in patients

	DISCUSSION
	LIMITATIONS
	ACKNOWLEDGEMENT
	FUNDING
	ETHICAL CONSIDERATIONS
	CONFLICT OF INTERESTS
	REFERENCES


	Novel Insights into Oxidative Stress and Antioxidant Enzymes in Acute Antibody-Mediated Rejection of Renal Allografts
	Mohsen Nafar1, Iraj Khodadadi2, Shiva Kalantari3, Heidar Tayebinia2, Jamshid Karimi2, Shiva Samavat1, Nooshin Dalili1, Somaye-Sadat Heidari1,2*
	INTRODUCTION
	MATERIALS AND METHODS
	Patients
	Ethical Issues
	Serum collection and preparation
	Urine protein assay
	Determination of serum total antioxidant capacity (TAC)
	Determination of serum total oxidant status (TOS)
	Determination of serum total thiol groups
	Determination of serum nitric oxide (NO)
	Determination of serum antioxidant enzyme activities
	Determination of serum oxidative stress index (OSI)
	Determination of serum 8-isoprostane (8-IP)
	Determination of serum superoxide dismutase (SOD) activity
	Determination of serum glutathione peroxidase (GPx) activity

	RESULTS
	Statistical analysis
	Markers of oxidative stress in AMR

	DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENT
	CONFLICT OF INTERESTS
	FUNDING
	ETHICAL APPROVAL
	INFORMED CONSENT
	AUTHORSHIP
	REFERENCES


	A Report of Claudin-19 Mutation Causing Nephrocalcinosis and End-Stage Kidney Disease from Iran
	Shokoufeh Savaj1, Saghar Chehrazi2
	INTRODUCTION
	CASE REPORT
	DISCUSSION
	STATEMENT OF ETHICS
	CONFLICT OF INTEREST
	REFERENCES


	Coexistence of Fabry Disease and Membranous Nephropathy: A Case Report
	Yan Jin, Li Pen, Lei Lan, Jun Jiang
	INTRODUCTION
	CASE PRESENTATION
	DISCUSSION
	ETHICS STATEMENT
	CONSENT FOR PUBLICATION
	CONFLICT OF INTEREST
	ACKNOWLEDGMENTS
	REFERENCES





