
Pak J Med Sci     May - June  2023    Vol. 39   No. 3      www.pjms.org.pk     780

1. Xufeng He
 Nanhua Hospital, 
 University of South China, 
 Health School of Nuclear Industry,
 Hengyang 421002,
 Hunan Province, P.R. China.
2. Yang Liu,
 Department of Hemodialysis Room, 
 Nanhua hospital, 
 University of South China, 
 Hengyang 421002, Hunan Province, 
 P.R. China.

 Correspondence:

 Yang Liu,
 Department of Hemodialysis Room, 
 Nanhua hospital, 
 University of South China, 
 336 Dongfeng South Rd, 
 Hengyang 421002,
 Hunan Province, P.R. China.
 Email: hxf.ly@163.com

  * Pre-submission Received: September 9, 2022

  * Received for Publication: September 20, 2022

  * Revision Received: February 13, 2023

  * Revision Accepted: February 28, 2023

INTRODUCTION

 Maintenance hemodialysis (MHD) is the most 
commonly used renal replacement therapy for 
patients with clinical end-stage renal disease, which 
can effectively prolong the survival time of patients.1 
Vascular access is a prerequisite for maintenance 
hemodialysis (MHD) and the establishment of a long-
term effective and functional access is important to 
improve the patient’s prognosis.2 Clinical options 
for permanent vascular access include autologous 
arteriovenous fistulas (AVFs), tunnel and polyester 
sleeve catheters, and graft AVFs, of which the first two 
are more commonly used. The international vascular 
access guidelines recommend that autologous AVF as a 
first choice, followed by the tunnel and polyester sleeve 
catheter if it cannot be established.3

 However, the two channels provide different 
advantages4,5 and both systems carry a risk of 
complications. The establishment of vascular access 
frequently results in increased cardiac workload6, which 
may cause abnormal cardiac function. The occurrence 
of complications can lead to the vascular access failure, 
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Objective: To investigate the effects of arteriovenous fistulas (AVFs) and central venous catheters (CVCs) on the left 
ventricular function (LVF) and prognosis of maintenance hemodialysis (MHD) patients.
Methods: This retrospective cohort study included 270 patients (139 with AVF and 131 with CVC) undergoing dialysis 
with newly established vascular access in the blood purification center of Nanhua hospital, University of South China, 
from January 2019 to April 2021. Dialysis efficiencies, LVF indexes, and one-year prognoses were compared.
Results: At six and twelve months after the establishment of vascular access, the mean urea clearances (Kt/V) and 
urea reduction ratio (URR) between the AVF- and the CVC-group were similar (P>0.05). The mean LVF values between 
the two groups were also similar before the establishment of vascular access (P>0.05), but the mean values of left 
ventricular end diastolic diameter (LVEDd), interventricular septal thickness (IVSTd), and left ventricular posterior wall 
thickness (LVPWT) in the AVF-group were higher than those in the CVC-group one year later, and mean early (E) and late 
(A) diastolic mitral velocities, E/A, and ejection fraction (EF) were lower than those in the CVC-group (P<0.05). The 
incidence of left ventricular hypertrophy and systolic dysfunction in the AVF-group was higher than that in the CVC-
group (P<0.05). The hospitalization rate of AVF-group (23.02%) was lower than that of the CVC-group (49.61%) (P<0.05).
Conclusion: Both AVF and CVC can achieve appropriate dialysis effects in MHD patients. AVF has a negative impact on 
cardiac function while CVC has a high hospitalization rate. 

KEYWORDS: Arteriovenous fistula, Central venous catheter, Maintenance hemodialysis, Vascular access.

doi: https://doi.org/10.12669/pjms.39.3.7151

How to cite this: He X, Liu Y. Effects of arteriovenous fistulas and central venous catheters on the cardiac function and prognosis of patients on 
maintenance hemodialysis. Pak J Med Sci. 2023;39(3):780-784.   doi: https://doi.org/10.12669/pjms.39.3.7151

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited.



Xufeng He et al.

Pak J Med Sci     May - June  2023    Vol. 39   No. 3      www.pjms.org.pk     781

insufficient hemodialysis, other complications and 
reduction of the quality of life of patients.7 As far as we 
know, there are many studies on the survival analysis of 
AVF or CVC in MHD patients,8-10 but only few reports 
attempt to compare cardiac function and prognosis of 
AVF and CVC catheter. The objective of this retrospective 
study was to compare the clinical effects and prognoses 
of two vascular access systems.

METHODS

 Medical records of 270 dialysis patients (138 men 
and 132 women) with newly established vascular 
accesses in the blood purification center of Nanhua 
Hospital, University of South China, from January 2019 
to April 2021 were retrospectively reviewed. Patients 
who received dialysis through AVF and CVC were 
categorized as the AVF-group (n=139) and the CVC-
group (n=131), respectively. Patients aged ≥18 years 
with complete imaging data and requiring regular 
hemodialysis for more than 12 months were included 
in the study. Patients were excluded if they had (1) 
presence of unrelated severe diseases or severe organ 
dysfunction (2) presence of malignant tumor (3) history 
of surgery or trauma within one year after initiating 
MHD and (4) mental illness.
Ethical approval: The study was approved by the 
Medical Ethics Committee of our institution. (Approval 
number 2020-KY-81; date 2020-03-11).
AVF-group: The AVF was established by end-to-end 
anastomosis of the forearm cephalic vein and radial 
artery, and hemodialysis was administered after the 
fistula matured. 
CVC-group: Puncture was done at the right internal 
jugular vein and tunneled dialysis catheter (Covidien, 
Inc, USA) placement was performed. 
Hemodialysis treatment:11 All patients were required 
to receive regular dialysis. The dialyzer used was 
FX80 high-flux dialyzer (Fresenius, Germany), with 
a membrane area of 1.6 m2. Bicarbonate was used as 
the dialysate, and reverse osmosis water was used as 
the dialysis water. The blood flow was set as follows: 
200-300 mL/min, dialysis flow rate: 500 mL/min, 

three times/week, four hours/time. Anticoagulation 
therapy with low molecular heparin was applied 
during dialysis.
 The basic information of patients was collected. At six 
and twelve months after vascular access establishment, 
5 ml of peripheral venous blood was collected to check 
the urea nitrogen level to calculate fractional urea 
clearance (Kt/V) and urea nitrogen reduction ratio 
(URR) using the following equations: 
 Kt/V=1n (urea nitrogen ratio before and after 
dialysis-0.008 hours per dialysis) + (4-3.5 urea nitrogen 
ratio before and after dialysis) × ultrafiltration volume 
per dialysis / body weight after dialysis. URR = 
100 × (1-urea concentration before dialysis / urea 
concentration after dialysis). 
 The results of color Doppler echocardiography 
(Philips IE33, USA) before and one year after the 
vascular access establishment, including LVEDd, 
IVSTd, LVPWT, E/A and EF values, were obtained. 
Incidence of adverse cardiac events including left 
ventricular hypertrophy, left ventricular systolic 
dysfunction, and left ventricular diastolic dysfunction 
were recorded. The criteria for left ventricular 
hypertrophy were as follows: a left ventricular mass 
index > 125 g/m2 for men and >120 g/m2 for women.12 
Left ventricular systolic dysfunction was defined as an 
ejection fraction (EF) <50.0%,13 and a left ventricular 
diastolic dysfunction as an E/A <1.0.14 In addition, the 
number of hospitalizations of the individuals in the two 
groups in one year were counted, and the distribution 
of causes (bleeding, infection and embolism) was 
analyzed.
Statistical analysis: RStudio (R Version 3.4.4, USA) was 
used to calculate the sample size. To achieve 80% power 
with an effect size of 0.4 and a two-sided alpha level of 
0.05 between the two groups, an estimated 100 patients 
was needed for each group in the study. We used the 
SPSS22.0 software to analyze the collected data. Numbers 
and percentages [n (%)] were used to present non-
grade count data, and χ2 test was used to compare the 
differences between the two groups. Means and standard 
deviations ( ) was used to present measurement data, 

Table-I: Comparison of basic information between the two patient groups.

Group n Gender (men/
women) Age (years)

Primary disease (n)

Diabetic ne-
phropathy

Chronic
pyelonephritis

Chronic glo-
merulonephritis

Hypertensive 
nephropathy

AVF-
group 139 92/47 55.36±11.37 64 (46.04) 17 (12.23) 19 (13.67) 39 (28.06)

CVC-
Group 131 76/55 56.33±10.42 51 (38.93) 12 (9.16) 22 (16.79) 46 (35.11)

χ2/t - 1.916 0.729 2.893

P - 0.166 0.467 0.408
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and t-test was used to compare the differences between 
the two groups in the case of normal distribution. P<0.05 
indicated statistical significance.

RESULTS

 We retrospectively analyzed data from 270 patients, 
including 168 men and 102 women, divided into two 
groups (AVF-group and the CVC-group) based on the 
method of vascular access establishment. The patients’ 
ages ranged from 26 to 75 years, with an average 
of 55.84±10.91 years. The primary diseases in the 
patient cohorts included 115 (42.59%) cases of diabetes 
nephropathy, 29 (10.74%) cases of chronic pyelonephritis, 
41 (15.19%) cases of chronic glomerulonephritis and 85 
(31.48%) cases of hypertensive nephropathy. There was 

no significant difference in the basic information between 
both groups (P>0.05) (Table-I).
 There were no significant differences in the mean Kt/V 
and URR values between the two groups at 6 months and 
12 months after vascular access establishment (P>0.05) 
(Table-II). Before the establishment of vascular access, 
the LVF values between the two groups were similar 
(P>0.05). However, a year after the procedure, the values 
of LVEDd, IVSTd and LVPWT increased in the two 
groups, and were higher in the AVF group (P<0.05). Both 
E/A and EF decreased, and they were significantly lower 
in the AVF-group (P<0.05) (Table-III). 
 The incidence of left ventricular hypertrophy and 
systolic dysfunction were higher in the AVF-group 
compared to the CVC-group (P<0.05) (Table-IV). One 
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Table-II: Comparison of dialysis adequacy between the two patient groups ( ). 

Group (n)
Kt/V URR (%)

Established for 6 months Established 12 months Established for 6 months Established 12 months

AVF-group 
(n=139) 1.35±0.15 1.41±0.14 69.40±2.77 76.44±3.92

CVC-group 
(n=131) 1.37±0.16 1.40±0.13 69.95±2.58 76.26±3.04

t 0.935 0.078 1.688 0.420

P 0.351 0.938 0.092 0.675

Table-III: Comparison of cardiac function between the two patient groups ( ).

Group (n) Time LVEDd (mm) IVSTd (mm) LVPWT (mm) E/A (%) EF (%)

AVF-
group 
(n=139) 

Before establishment 47.30±3.18 10.42±1.14 10.38±1.33 59.65±13.57 60.23±8.81

One year after establishment 50.71±3.40a 12.79±1.25a 11.65±1.52a 55.58±14.96a 56.67±9.03a

CVC-
group 
(n=131) 

Before establishment 46.68±3.39 10.33±1.18 10.20±1.32 60.84±13.86 60.09±8.56

One year after establishment 48.28±3.43ab 11.63±1.31a 10.77±1.41ab 59.31±14.20ab 58.97±8.74ab

  Note: a represents the comparison with that before establishment P<0.05; 
   b indicates that compared with AVF-group P <0.05.

Table-IV: Comparison of adverse cardiac events between the two patient groups [n (%)].

Group n

Adverse cardiac event

Left ventricular 
hypertrophy

Left ventricular 
systolic dysfunction

Left ventricular diastolic 
dysfunction

AVF-group 139 99 (71.22) 48 (34.53) 79 (56.83) 

CVC-group 131 78 (59.54) 25 (19.08) 70 (53.43) 

χ2 - 4.075 8.159 0.315

P - 0.044 0.004 0.575
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year after the establishment of the vascular access, we 
found a lower hospitalization rate in the AVF-group 
(23.02%) compared to the CVC-group (49.61%) (P<0.05) 
(Table-V).

DISCUSSION

 This study compared the dialysis effects of AVF and 
CVC and their impact on the prognosis of patients 
undergoing MHD. We found that both methods of 
vascular access can achieve good dialysis effect, but 
AVF has greater impact on cardiac function, and CVC is 
associated with a higher hospitalization rate. 
 Our study supported the previous studies that have 
demonstrated the dialysis effects of AVF and CVC in 
MHD patients.15,16 We found similar Kt/V and URR 
values at six and twelve months after the vascular access 
establishment in the patients of the two groups (P>0.05), 
which suggested that both vascular access systems can 
achieve appropriate dialysis effects. 
 Our study also showed that AVF negatively affects 
cardiac function, as the LVEDd, IVSTd and LVPWT 
values increased in both groups and were higher in 
the AVF-group. At the same time, E/A and EF values 
decreased in both groups and lower in the AVF-group 
(P<0.05). The results of the study are in general agreement 
with Reddy et al.17 In addition, the incidence of adverse 
cardiac events in patients with AVF was higher than that 
in patients with CVC (P<0.05), suggesting that in patients 
undergoing MHD, AVF has a stronger negative impact 
on the cardiac function than CVC, which supported the 
findings by Faull et al18 and Stoumpos et al.19 We may 
speculate that, since 42.59% of the patients in our cohort 
had diabetes nephropathy and 31.48% had hypertension 
nephropathy, these conditions may lead to abnormal left 
ventricular function in both groups.20,21 Additionally, 
AVF access adversely affects the heart because of the 
increased workload required for vascular access blood 
flow.22 Blood passes through the AVF faster than through 
a typical blood vessel, and the increased blood flow makes 
the heart pump harder, resulting in long-term stress on 
the heart that can lead to left ventricular hypertrophy 
and eventually cause ventricular systolic dysfunction. 
In contrast, the effect of CVCs on the cardiac load is 
relatively mild.23 Based on our findings, we suggest that 
in clinical practice, patients undergoing AVF for MHD, 
especially those with adverse cardiac events, should have 

their cardiac function monitored regularly to reduce the 
risk of an adverse prognosis.24

 MHD treatment is mostly provided in the outpatient 
department, but many patients require hospitalization 
due to treatment-related complications. Frequent 
hospitalizations can seriously reduce the quality of life of 
patients. Many clinical studies have shown that the most 
common causes for hospitalization of these patients are 
cardiovascular and cerebrovascular diseases, infections 
and access complications.25,26 In the current study, the 
hospitalization rate of patients with AVF was lower 
than that of patients with CVC (P<0.05), suggesting that 
patients undergoing MHD with CVC might have a poor 
prognosis. Our results are consistent with Almasri et al.27 
It is plausible that despite optimized biocompatibility, 
the catheter still carries a high risk of infection and 
access related complications as a central venous foreign 
body. In agreement with this assumption, Chiu et al28 
reported that infection was the main cause of death / 
hospitalization of CVC patients. As for AVF, it can 
maintain the complete vascular endothelium, and not 
interfere with its ability to effectively resist microbial 
invasion and growth, thus reducing the risk of related 
complications, and the number of hospitalizations.29 

Therefore, patients undergoing CVC for MHD would 
require special attention in terms of potential infection-
related problems.

Limitations: This was a single center study with data 
collected for one year only. Further follow-up multi-
center studies are needed, with large sample sizes and 
specific populations (such as elderly patients or patients 
with anemia).

CONCLUSION

 Both AVF and CVC can achieve appropriate dialysis 
effects in MHD patients, but AVF has a negative impact 
on cardiac function while CVC is associated with a high 
hospitalization rate. In clinical practice, a suitable and 
ideal vascular access should be chosen in conjunction 
with the actual conditions of the patient. Cardiac function 
of the dialysis patients should be specifically monitored 
to effectively improve the prognosis.

Funding: This study is supported by Hunan Provincial 
Vocational Education Teaching Reform Research Project 
(ZJZB2019104)
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Table-V: Comparison of hospitalization between the two groups [n (%)].

Group n
Reason for hospitalization

Total
Poor bleeding Infect Embolism

AVF-group 139 0 (0) 11 (7.91) 21 (15.11) 32 (23.02) 

CVC-group 131 15 (11.45) 22 (16.79) 28 (21.37) 65 (49.61) 

χ2 - - - - 29.172

P - - - - <0.001



Pak J Med Sci     May - June  2023    Vol. 39   No. 3      www.pjms.org.pk     784

REFERENCES
1. Cheng W, Luo Y, Wang H, Qin X, Liu X, Fu Y, Ronco C. 

Survival Outcomes of Hemoperfusion and Hemodialysis versus 
Hemodialysis in Patients with End-Stage Renal Disease: A 
Systematic Review and Meta-Analysis. Blood Purif. 2022;51(3):213-
225. doi: 10.1159/000514187

2. Watanabe Y, Suzuki K, Kojima F, Tanaka Y, Nitta K. Usefulness 
of a Simple Protein-Energy Wasting Score for Predicting 
Hospitalization in Maintenance Hemodialysis Patients: A 
Prospective Cohort Study. Int J Clin Med. 2021;12(9):377-385. doi: 
10.4236/ijcm.2021.129034

3. Sandhu B, Hill C, Hossain MA. Endovascular arteriovenous fistulas- 
are they the answer we haven’t been looking for? Expert Rev Med 
Devices. 2021;18(3):273-280. doi: 10.1080/17434440.2021.1899806

4. Dou J, Wu X, Ao H, Zhang Q, Li M. Clinical characteristics of 
catheter-related infection in patients with chronic renal failure 
End Stage Renal failure undergoing semi-permanent catheter 
placement during maintenance hemodialysis through tunnelled 
cuffed hemodialysis catheter. Pak J Med Sci. 2022;38(6):1426-1430. 
doi: 10.12669/pjms.38.6.4834

5. Lim CT, Yap XH, Chung KJ, Khalid MA, Yayha N, Latiff LA, et al. 
Predictor of cardiovascular risks in end stage renal failure patients 
on maintenance dialysis. Pak J Med Sci. 2015;31(6):1300-1305. doi: 
10.12669/pjms.316.8039

6. Kim DH, Han D, Kim J, Park HC, Lee YK, Shin DG, et al. 
Vasodilator agents improve hemodialysis vascular access 
patency: A population-based study from Korea. Med (Baltimore). 
2021;100(40):e27439. doi: 10.1097/MD.0000000000027439

7. Panda B, Mandal S, Majerus SJA. Flexible, Skin Coupled 
Microphone Array for Point of Care Vascular Access Monitoring. 
IEEE Trans Biomed Circuits Syst. 2019;13(6):1494-1505. doi: 
10.1109/TBCAS.2019.2948303

8. Hu J, Mei G, Tong C, Gao C, Zhang J. Survival Analysis of 
Tunneled Cuffed Central Venous Catheters in Maintenance 
Hemodialysis Patients: A Retrospective Study in China. Int J Clin 
Pract. 2022;2022:6809670. doi: 10.1155/2022/6809670

9. Jothi S, Kg H, Lesley N, Vijayan M, Haridas Anupama S, Mathew 
M, et al. A multicentre analysis of the outcome of arteriovenous 
fistula in maintenance haemodialysis. Semin Dial. 2020;33(5):388-
393. doi: 10.1111/sdi.12907

10. Girerd S, Girerd N, Frimat L, Holdaas H, Jardine AG, Schmieder 
RE, Fellström B, Settembre N, Malikov S, Rossignol P, Zannad F. 
Arteriovenous fistula thrombosis is associated with increased all-
cause and cardiovascular mortality in haemodialysis patients from 
the AURORA trial. Clin Kidney J. 2019;13(1):116-122. doi: 10.1093/
ckj/sfz048

11. Su X, Cui Y, Pu Z, Zhou Y. To Explore the Application of PDCA 
in Hemodialysis Center and Its Effect on the Maintenance 
of Internal Fistula. Biomed Res Int. 2022;2022:7380632. doi: 
10.1155/2022/7380632

12. Gamrat A, Trojanowicz K, Surdacki MA, Budkiewicz A, Wąsińskaet 
A, Wieczorek-Surdacka, et al. Diagnostic Ability of Peguero-
Lo Presti Electrocardiographic Left Ventricular Hypertrophy 
Criterion in Severe Aortic Stenosis. J Clin Med. 2021;10(13):2864. 
doi: 10.3390/jcm10132864

13. Caiazza M, Lioncino M, Monda E, Di Fraia F, Verrillo F, Pacileo R, 
et al. Troponin T Mutation as a Cause of Left Ventricular Systolic 
Dysfunction in a Young Patient with Previous Surgical Correction 
of Aortic Coarctation. Biomolecules. 2021;11(5):696. doi: 10.3390/
biom11050696

14. Lange A, Huntress H, Steindl J, Palka P. Incremental role of 
CT coronary angiography in the assessment of left ventricular 
diastolic function. Open Heart. 2021;8(1):e001566. doi: 10.1136/
openhrt-2020-001566 

15. Nawaz S, Ali S, Shahzad I, Baloch MU. Arterio venous fistula 
experience at a tertiary care hospital in Pakistan. Pak J Med Sci. 
2013;29(1):161-5. doi: 10.12669/pjms.291.2753

16. Al-Jaishi AA, Oliver MJ, Thomas SM, Lok CE, Zhang JC, Garg AX, 
et al. Patency rates of the arteriovenous fistula for hemodialysis: 
a systematic review and meta-analysis. Am J Kidney Dis. 
2014;63(3):464-478. doi: 10.1053/j.ajkd.2013.08.023

17. Reddy YNV, Obokata M, Dean PG, Melenovsky V, Nath KA, 
Borlaug BA. Long-term cardiovascular changes following creation 
of arteriovenous fistula in patients with end stage renal disease. 
Eur Heart J. 2017;38(24):1913-1923. doi: 10.1093/eurheartj/ehx045

18. Faull R, Rao N, Worthley M. Do arteriovenous fistulas increase 
cardiac risk? Semin Dial. 2018;31(4):357-361. doi: 10.1111/sdi.12687

19. Stoumpos S, Rankin A, Hall Barrientos P, Mangion K, McGregor 
E, Thomson PC, et al. Interrogating the haemodynamic effects 
of haemodialysis arteriovenous fistula on cardiac structure and 
function. Sci Rep. 2021;11(1):18102. doi: 10.1038/s41598-021-
97625-5

20. Jankowski J, Floege J, Fliser D, Bohm M, Marx N. Cardiovascular 
Disease in Chronic Kidney Disease: Pathophysiological Insights 
and Therapeutic Options. Circulation. 2021;143(11):1157-1172. doi: 
10.1161/CIRCULATIONAHA.120.050686

21. Kourtidou C, Stangou M, Marinaki S, Tziomalos K. Novel 
Cardiovascular Risk Factors in Patients with Diabetic Kidney 
Disease. Int J Mol Sci. 2021;22(20):11196. doi: 10.3390/ijms222011196

22. Basile C, Lomonte C. The complex relationship among arteriovenous 
access, heart, and circulation. Semin Dial. 2018;31(1):15-20. doi: 
10.1111/sdi.12652

23. Silverstein DM, Trerotola SO, Clark T, James G, Ng W, Dwyer 
A, et al. Clinical and Regulatory Considerations for Central 
Venous Catheters for Hemodialysis. Clin J Am Soc Nephrol. 
2018;13(12):1924-1932. doi: 10.2215/CJN.14251217

24. Aragoncillo I, Amézquita Y, Caldes S, Abad S, Vega A, Cirugeda 
A, et al. The impact of access blood flow surveillance on reduction 
of thrombosis in native arteriovenous fistula: a randomized clinical 
trial. J Vasc Access. 2016;17(1):13-19. doi: 10.5301/jva.5000461

25. Coritsidis GN, Machado ON, Levi-Haim F, Yaphe S, Patel RA, 
Depa J. Point-of-care ultrasound for assessing arteriovenous fistula 
maturity in outpatient hemodialysis. J Vasc Access. 2020;21(6):923-
930. doi: 10.1177/1129729820913437

26. Somarathna M, Isayeva-Waldrop T, Al-Balas A, Guo L, Lee T. A 
Novel Model of Balloon Angioplasty Injury in Rat Arteriovenous 
Fistula. J Vasc Res. 2020;57(4):223-235. doi: 10.1159/000507080

27. Almasri J, Alsawas M, Mainou M, Mustada RA, Wang Z, Woo K, 
et al. Outcomes of vascular access for hemodialysis: A systematic 
review and meta-analysis. J Vasc Surg. 2016;64(1):236-243. doi: 
10.1016/j.jvs.2016.01.053

28. Chiu CH, Wang CY, Moi SH, Wu CH, Yang CH, Chen JB. 
Comparison of tunneled central venous catheters and native 
arteriovenous fistulae by evaluating the mortality and morbidity 
of patients with prevalent hemodialysis. J Formos Med Assoc. 
2019;118(4):807-814. doi: 10.1016/j.jfma.2018.08.025

29. Farrington CA, Robbin ML, Lee T, Barker-Finkel J, Allon M. 
Early Predictors of Arteriovenous Fistula Maturation: A Novel 
Perspective on an Enduring Problem. J Am Soc Nephrol. 
2020;31(7):1617-1627. doi: 10.1681/ASN.2019080848

Authors’ Contributions:

XH: Conceived and designed the study.
XH and YL: Collected the data and performed the 
analysis.
XH: was involved in the writing of the manuscript and is 
responsible for the integrity of the study.
All authors have read and approved the final manuscript.

Cardiac function and prognosis of patients


	_GoBack
	_Hlk118207081
	_GoBack
	_Hlk92138754
	_GoBack
	_GoBack
	_GoBack
	_Hlk64470489
	_Hlk64459541
	_Hlk87560551
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK69
	OLE_LINK7
	OLE_LINK9
	OLE_LINK5
	OLE_LINK10
	OLE_LINK8
	OLE_LINK13
	OLE_LINK14
	OLE_LINK19
	OLE_LINK15
	_GoBack
	_GoBack
	_GoBack
	_Ref3327
	_GoBack
	_GoBack
	_Hlk116486558
	_Hlk115941283
	_Hlk113741367
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK1
	_Hlk122303700
	_GoBack
	_GoBack
	ethics_statement
	_GoBack
	conflict_of_interest
	funding_statement
	_Hlk101513502
	_GoBack
	_Hlk106659778
	_Hlk100996211
	_Hlk110277773
	_Hlk107840969
	_Hlk110277829
	_Hlk107841030
	_Hlk110277912
	_Hlk107139660
	_Hlk107841735
	_Hlk109742524
	_Hlk107841896
	_GoBack
	_Hlk113878862
	_Hlk113446750
	_Hlk113447613
	_Hlk113447097
	_Hlk112927412
	_Hlk113876489
	_Hlk112702405
	_Hlk113876529
	_Hlk113877722
	_Hlk113878486
	_Hlk113876588
	_Hlk112927488
	_Hlk112930447
	_Hlk113358159
	_Hlk113878197
	_GoBack
	_Hlk125123268
	_Hlk105353036
	_Hlk81569967
	_Hlk82260851
	_Hlk81574806
	_GoBack
	_Hlk86148866
	OLE_LINK1
	_GoBack
	_Hlk37670211
	_Hlk39965446
	_Hlk39965896
	_Hlk39966042
	_Hlk38964758
	_Hlk39966716
	_Hlk39923377
	_GoBack
	_Hlk101009958
	_Hlk39966851
	_Hlk108247382
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk108350803
	_GoBack

