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Abstract
[bookmark: _Hlk41520333]Background: Arteriovenous access (AV) thrombosis is important and preventable problem among chronic hemodialysis (HD) patients. On the other hand, systolic blood pressure (SBP) alteration relates with higher cardiovascular mortality among these patients. In this study, we investigated the relation between SBP changes and arteriovenous access (AV) thrombosis. Methods: 50 HD patients with thrombosis and 50 HD patients without thrombosis were included in the study. Odds ratios and 95% confidence intervals were estimated with multivariate adjusted logistic regression models to determine the association between potential thrombosis-related risk factors and thrombosis risk. Results: Elder adults, women, and patients with arteriovenous grafts, lower intradialytic SBP and higher SBP variations during dialysis sessions had higher incidence of AV access thrombosis. Chronic inflammation and mineral metabolism related parameters were also found to be abnormal at the time of AV access thrombosis. Conclusions: Close monitoring and management of intra-dialytic hypotension, SBP variation in every dialysis session and correction of biochemical parameters are critical for earlier identification and prevention of AV access thrombosis in HD patients.
· What’s already known about this topic?
It has been known that more frequent episodes of intradialytic hypotension (IHD) and lower pre- and post-dialytic SBP associated with increased risks of AV access thrombosis. High SBP variation in HD patients also contributed to cardiovascular morbidity and mortality among these patients.
· What does this article add?
Both lower intradialytic SBP and higher SBP variation during HD related with higher risk for arteriovenous access thrombosis. Inflammation, anemia and mineral abnormalities are noted among arteriovenous access thrombosis patients.
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1. Introduction
Arteriovenous access thrombosis is a severe complication in patients undergoing maintenance hemodialysis (HD). As arteriovenous (AV) access is the lifeline for patients undergoing HD, identifying risks of patency, and preventing thrombosis is crucial. The current guidelines favor native AV fistulae (AVF) over prosthetic AV grafts (AVGs) 1 as AVG thrombotic events occur 0.5–2.0 times per year, whereas AVF thrombotic events occur 0.1–0.5 times per year 2. AV access thrombosis is the most common cause of secondary AV failure (i.e., failure of functioning vascular access) and accounts for 60%–80% of permanent access loss 3,4. It is associated with considerable complications related to significant morbidity and mortality. Identifiable factors related to AV access thrombosis include age, gender, presence of comorbid conditions such as diabetes mellitus and peripheral vascular disease, venous diameter, and intraoperative access blood flow (BF) 5,6. Considering that 20%–40% of patients with AV thrombosis do not exhibit obvious stenosis, reduced BF secondary to systolic blood pressure (SBP) changes and high ultrafiltration (UF) are regarded as important factors related to AV access thrombosis 7. 
Most patients undergoing HD experience different intradialytic SBP patterns during 4-h dialysis sessions three times per week. These SBP patterns vary with time and related to fluid removal without physiologic and osmolality changes. A large multicenter randomized clinical trial in the United States 8, revealed that increased rates of AV access thrombosis were associated with more frequent episodes of intradialytic hypotension (IHD) and lower pre- and post-dialytic SBP. A considerably increase in SBP variability was noted with changes in UF volume or UF rate during dialysis sessions. As in the general population, high SBP variation in HD patients also contributes to cardiovascular morbidity and mortality 9-11. However, not much is known about how SBP variation during dialysis sessions influences AV access thrombosis. Therefore, we collected relevant information pertaining to patients undergoing HD from the electronic medical records of a dialysis center to investigate the potential influence of intradialytic SBP changes and SBP variability on AV access thrombosis. 
2. Materials and methods
2.1 Study population
This hospital-based retrospective case–control study was conducted at Taipei Medical University-Shuang Ho Hospital and included 50 HD patients with AV access thrombosis and 50 HD patients without thrombosis. The Taipei Medical University Joint Institutional Review Board approved the study protocol. All participants provided written informed consent.
HD patients who were aged 20–80 years and had undergone long-term HD for >3 months were included in the study and the duration of autologous AVF/artificial blood vessel generation was between 3 months to 10 years. We excluded HD patients who had undergone second autologous AVF/artificial blood vessel generation on the same side, patients who received a combined therapy of peritoneal dialysis (PD) and HD, or those who received vascular access with a percutaneous vascular stent.
2.2 Data collection
	Relevant information on demographic characteristics, medical history, underlying diseases related with dialysis, associated comorbid conditions and regular medications were noted. Vital signs and regular monitoring dialysis related parameters were recorded at three situations: at the time of vascular access creation, 6 months after establishment, and at occurrence of AV access thrombosis. Serological tests were also obtained from the electronic medical records of individual HD patients.
2.3 Statistical analysis
	Demographic characteristics, regular monitoring parameters, and serological tests were compared between patients with and without thrombosis. Chi-square test or Fisher’s exact test was used for categorical variables and the t test was used for continuous variables. Wilcoxon’s rank sum test and the Mann-Whitney U Test were used for nonparametric statistics. Multiple logistic regression models were used to calculate odds ratios (ORs) and 95% confidence intervals (CIs) for each thrombosis-related risk factor after adjustment for possible confounders. In addition, we performed multivariate analyses using a stepwise selection process in a logistic regression model. SPSS v18.0 (SPSS Inc.) was used all statistical analyses. A p value <0.05 (2-sided) indicated statistical significance.
3. Results
3.1. Baseline characteristics of study patients
From January 1, 2012 to December 31, 2015, we included 50 HD patients with thrombosis and 50 HD patients without thrombosis in this study. Table 1 presents the baseline characteristics of patients according to thrombosis status. Patients in the thrombosis group were significantly older than those in the group without thrombosis (62.7 ± 11.1 years vs. 56.4 ± 11. 3 years, p = 0.004), with male patients being predominant in the group without thrombosis (38% in the thrombosis group vs. 70% in the group without thrombosis, p = 0.002). Patients with thrombosis exhibited no significant differences in underlying diseases (e.g., chronic glomerulonephritis, diabetic nephropathy, hypertension, and systemic lupus erythematosus) and comorbid conditions (e.g., diabetes, hypertension, and ischemic stroke) compared with those without thrombosis. No significant differences in baseline medications taken by patients in the two groups were noted. The AVF group had a significantly lower incidence of thrombosis than the AVG group did (42% vs. 58%, p < 0.004). The duration of dialysis was much longer in those without thrombosis (18.30 ± 15.53 months in the thrombosis group vs. 52.14 ± 25.13 months in the group without thrombosis (p < 0.001). 
Baseline hemoglobin (Hb) and albumin values were significantly lower in the thrombosis group (Hb, 10.63 ± 1.70 g/dL in the thrombosis group vs. 11.06 ± 1.01 g/dL in the group without thrombosis, [p = 0.028]; albumin 4.00 ± 0.32 g/dL in the thrombosis group vs. 4.17 ± 0.35 g/dL in the group without thrombosis [p = 0.0116]). Significantly higher baseline P levels were noted in the thrombosis group than in the without thrombosis group. A significantly smaller difference in Hb and albumin from time of thrombosis to time of AV access was observed (ΔHb, 0.56 ± 0.30 in the thrombosis group vs. 1.72 ± 0.22 in the group without thrombosis, p = 0.002; Δalbumin, 0.24 ± 0.08 in the thrombosis group vs. 0.64 ± 0.09 in the group without thrombosis, p = 0.002). A significantly higher difference in phosphorus (P) and calcium-phosphorus product (CaxP) levels from time of thrombosis to time of AV access was noted (ΔP = 0.76 ± 0.28 in the thrombosis group vs. −0.97 ± 0.31 in the group without thrombosis, p < 0.0001; ΔCaxP = 9.45 ± 2.52 in the thrombosis group vs. −2.81 ± 2.42 in the group without thrombosis, p = 0.001). 
Table 2 presents a comparison of dialysis-related parameters in patients with and without thrombosis. Vascular access infection before thrombosis did not differ between the groups. No significant difference was noted in SBP before or after dialysis between the groups; however, the lowest SBP during dialysis was significantly lower in the thrombosis group (103.88 ± 19.24 mmHg in the thrombosis group vs. 125.94 ± 23.49 mmHg in the group without thrombosis, p < 0.001); 50% patients in the thrombosis group had SBP of <100 mmHg during HD, whereas only 16% patients in the group without thrombosis had an SBP of <100 mmHg. BF velocity in the thrombosis group was 260.60 ± 23.85 mL/min compared with 288.40 ± 33.89 ml/min in the group without thrombosis. UF, percentage of UF/kg body weight, time of HD/week, and frequency of HD/week did not differ between the groups.
3.2. Correlation between risk factors and AV access thrombosis among HD patients with and without thrombosis
Table 3 presents the relationship between risk factors and proportion of thrombotic events in HD patients. The study outcomes are presented as ORs, and a normal group was used as the reference group to calculate the OR for each group. Female patients exhibited higher ORs for thrombotic events [3.81 (1.66-8.75)]; patients aged ≥65 years had higher ORs [3.25 (1.21-8.69)] than those aged <55 years. Patients taking anticoagulant or antithrombotic agents had a lower incidence of thrombotic events [0.44 (0.20-0.99)], and higher BF velocity groups also had a lower incidence of thrombotic events [270-280 = 0.22 (0.08-0.63); 300-360 = 0.10 (0.03- 0.31)]. After adjustments were made for age, gender, and body mass index, the OR was 0.37 (0.15–0.95) for those taking anticoagulant or antithrombotic agents. The OR for higher BF velocity groups was as follows: 270-280, 0.28 (0.08-0.92) and 300-360, 0.16 (0.04-0.65; Table 3).
3.3. Relationship between SBP changes and thrombotic events in HD patients	
	Table 4 shows the relationship between SBP changes during the dialysis sessions and the risk of thrombosis in HD patients. Patients with SBP of <110 mmHg during HD had significantly higher OR [4.17 (1.44–12.02)] than those with SBP > 150 mmHg [0.22 (0.02–2.45]; however, SBP before and after HD had no significant influence on thrombotic events. Those with SBP of 20–43 mmHg and ≥43 mmHg had higher incidences of thrombotic events [7.35 (1.96–27.58) and 16.70 (3.96–70.42), respectively]. Patients with >30% SBP changes during dialysis had higher odds of thrombosis [6.61 (2.00–21.78)] than those with ≤30% SBP changes during dialysis.
At the time of thrombosis, HD patients with thrombosis had lower mean levels of albumin, higher mean levels of cholesterol, product of Ca and P, and low density lipoprotein-c (LDL-c) than those without thrombosis (Supplementary Table 1). No significant difference was noted in HD patients with and without thrombosis regarding anticoagulant or antithrombotic agents (Supplementary Table 2).
4. Discussion 
We herein investigated the association between SBP changes during HD sessions and thrombotic events in patients with and without thrombosis. From our baseline data, we found that patients in the thrombosis group were older and predominantly female. The AVF group had significantly lower incidence of thrombosis than the AVG group. Prosthetic grafts are foreign bodies that induce local inflammatory cytokines and are inherently thrombogenic in nature. We revealed that the incidence of thrombotic events in patients with or without taking anticoagulant/antithrombotic agents was not differing. A meta-analysis of >3000 HD patients revealed that antiplatelet therapy (aspirin, ticlopidine, and clopidogrel) improved thrombosis in newer AVF generated within 1 month, without any obvious improvements in longer term AVF or even no role in AVGs 12. Clopidogrel has been reported to reduce the frequency of early thrombosis of new AVF; however, it failed to increase overall fistula patency 13. We found that higher BF velocity groups had lower incidence of thrombotic events, reflecting healthier vascular access and vice versa. 
Anemia and hypoalbuminemia in the thrombosis group could be explained by the associated more inflammatory status on the AV access of these patients 14. Inflammatory markers are closely related to endothelial dysfunction and might be responsible for vascular access failure 15. Significantly higher P and CaxP among thrombosis group. Such mineral abnormalities are reportedly associated with vascular calcification in dialysis patients 16, which might exacerbate AV access thrombosis.
On the other hand, no significant differences were noted in SBP before or after dialysis between the groups; however, intradialytic SBP during dialysis was significantly lower in the thrombosis group; 50% patients in the thrombosis group had intradialytic SBP of <100 mmHg, whereas only 16% patients in the group without thrombosis had intradialytic SBP of <100 mmHg. A secondary analysis of Hemodialysis (HEMO) Study, a multicenter randomized clinical trial on United States hemodialysis patients revealed that such intradialytic hypotension is more important for fistula, but not artificial graft, thrombosis 8. Interestingly, we found that patients with higher intradialytic SBP variability (>30% SBP changes during dialysis) had a higher likelihood of experiencing thrombosis than those with lower intradialytic SBP variability (≤30% SBP changes during dialysis) regardless of access type (in both fistulae and grafts). These findings might be explained by the fact that higher SBP variability can lead to extreme hemodynamic derangements and endothelial injury than lower SBP variability in relatively thrombosis-resistant fistulae. A recent study involving HD patients reported similar findings, wherein higher intradialytic SBP variability was related to a loss of primary unassisted vascular access patency 17. A previous clinical study also revealed that an increase in SBP variability increased the expression of inflammatory cells within fistula vessels 18.
Lower pre- and post-dialysis SBP has been associated with higher AV access thrombosis rates in both fistulae and grafts 8,19,20. We did not identify such a relationship; however, we found that patients with lower or normal predialysis SBP with low SBP during the whole course of dialysis had a higher risk of thrombosis (data not shown). Lower SBP is related to decreased BF velocity and reduced dialysis quality. This was obvious in our patients with thrombosis who had significantly lower BF velocity. UF did not differ in our patients; however, those with thrombosis have their UF at the sake of lower intradialytic SBP and higher SBP variability. 
Our study had several limitations. First, as this was a retrospective, single-center observational study, the results are not applicable to the general population on dialysis. Nevertheless, our findings are relevant and important for dialysis patients. Second, we included only a small number of patients; thus, our results should be interpreted with caution. Third, we did not regulate or change antihypertensive drugs that patients were taking during the observation period, which limits real-world associations. Finally, we did not evaluate data associated with intradialytic BP changes, such as dialysate sodium and dry weight.
In conclusion, intradialytic hypotension (SBP < 100mmHg) and SBP variability (>30% SBP changes during dialysis) are important risk factors for AV access thrombosis. Early identification of patients who are at a high risk for thrombosis and adjustment of antihypertensive medication are critical to preventing AV access thrombosis. Future studies need to reconsider the intradialytic SBP and SBP variability targets for HD patients.
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