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ABSTRACT 

Background: Stenosis due to neointimal hyperplasia is the main reason of failing 

arteriovenous fistula (AVF). Percutaneous endovascular procedures are widely 

applied for treatment of failing dialysis circuit. Both drug-coated balloon (DCB) and 

non-compliant balloon (NCD) angioplasty can be employed to treat hemodialysis 

access dysfunction.  

Aim of the work: The goal of this trial is to assess the additional value of using DCB 

over NCB for the management of failing native AVF.  

Methods: This is a single-centre randomized clinical study, 53 patients presented 

with failing dialysis access are assessed for eligibility. The study was conducted at 

Vascular Surgery Department, Zagazig University Hospitals-Egypt from January 

2017 to December 2020. A total of 27 patients presented with failing AVF, are 

randomized to 13 patients are treated with DCB and 14 patient are treated with NCB 

angioplasty. The primary endpoint of the study is anatomical success (less than 30% 

residual stenosis of the target lesion). Secondary endpoints include duplex assessment 

of dialysis circuit flow rate, complications (minor and major), target lesion primary 

patency (TLPP), target lesion assisted primary patency (TLAPP), target lesion 

secondary patency (TLSP), cumulative primary and assisted primary patency, as well 

as intervention free survival during 12 months follow up.  

Results: In DCB group, the mean age of 55.1 years; while the mean age in NCB 

group is 54.6 years. There are no preoperative differences in patient risk factors 

between both groups. Anatomical success rate is achieved in 100% of both groups. 

TLPP between DCB and NCB groups at 12 months (61.5% vs 57.1%) are 

comparable (P = 0.81), as well as TLAPP at 12 months (61.5% vs 64.3%; P = 0.88). 

TLSP between DCB and NCB at 12 months (69.2% vs 64.3%) are also comparable 

(P = 0.78). Successful endovascular angioplasty for all circuit restenosis are 

performed in one DCB patient and three NCB patients. Rates of overall fistula 

restenosis are higher in NCB than DCB group without significance 

difference.  

Conclusion: DCB is promising alternative for failing AVF 

treatment, as it clinically improves short term access patency, and 

reduces target lesion restenosis rate but this remains statistically 

insignificant.  

Keywords: Arteriovenous fistula, Angioplasty, paclitaxel. Drug 

coated balloon, high pressure balloon, failing access. 

INTRODUCTION 

aemodialysis arteriovenous (AV) dysfunction 

continues to be a considerable cause of 

morbidity, hospitalization and increase of health 

care cost. [1-3] 

Intervention to correct / improve AV dysfunction 

continues to be a frequent in patients undergoing 

hemodialysis. [4]  

Percutaneous transluminal angioplasty (PTA) has 

been used regularly as a standard method to treat 

AV stenosis and prolong the life of both AVF and 

arteriovenous grafts. [1, 5, 6]. PTA has a high rate 

of technical success but suffers from poor long-term 

patency rates mainly caused by neointimal 

hyperplasia. This necessitates the need for 

recurrent/several interventions to improve and 

preserve patency and decrease AV dysfunction. [7-
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9]. Some studies showed that an average of 3.1-3.5 

interventions was performed in the life span of an 

arteriovenous access till it is functionless. [5, 6, 10-

12] with up to 50 percent of endovascular 

intervention requiring a redo intervention in less 

than 6 months. [13-15] 

PTA success rates in resistant venous stenosis have 

increased since the introduction of NCB, producing 

higher inflation pressures than conventional balloon 

that mechanically destroy the dense fibrous tissue at 

the stenotic segment. [16] 

Paclitaxel coated balloons have been used 

effectively in treating arterial stenotic lesions 

demonstrated in randomized controlled trials, 

systematic reviews, and meta-analysis. [17-21]  

Publications studying the use of paclitaxel coated 

balloons in salvaging failing/ dysfunctional 

arteriovenous access have showed variable results 

with heterogeneous study groups/devices, small 

sample sizes and short follow up. [3, 22-27]  

Our study is designed to assess the additional value 

of using DCB over NCB as regard to the primary 

patency rate and target lesion restenosis in de novo 

stenosis in native AVF. 

PATIENTS AND METHODS 

Study design 

This was a single centre (Vascular Surgery 

Department, Zagazig University Hospitals), 

randomized controlled trial in the period from 

January 2017 to December 2020. The study 

protocol was approved by the local ethical 

committee of Zagazig Faculty of Medicine, and all 

patients gave informed consent before participation 

in the study. 

The study’s inclusion and exclusion criteria are 

listed in Table 1. 

All patients underwent history taking, physical 

examination, and laboratory investigations. Doppler 

ultrasound for flow measurement before and after 

the procedure is performed. 

Intervention: The target lesion (TL) is defined as 

stenosis in the arteriovenous anastomosis, juxta-

anastomotic and extra-anastomotic venous segment. 

No central vein stenosis is included. After 

ultrasonographic and/or angiographic confirmation 

of significant stenosis, the AVF is accessed from an 

arterial or venous puncture. An appropriate-size 

vascular sheath (4–7 F) is inserted and 5000 IU 

heparin is routinely administered.  

A digital subtraction angiography is performed to 

visualize the entire access circuit, and identification 

of the site of stenosis. By a 0.035-in hydrophilic 

guidewire (Terumo Guidewire; Terumo Medical, 

Tokyo, Japan) and catheter, the target lesion is 

crossed. 

All lesions are initially treated with an NCB 

[Mustang (Boston scientific, Marlborough, MA 

01752, USA) or Covidien Fortrex (Medtronic, 

Minneapolis, MN, USA)], inflated for 2 minutes 

and the procedure is repeated if necessary, until 

good technical success result has been achieved 

(residual stenosis <30% and an absence of 

perforation). 

Randomization is performed by a research nurse 

after successful dilation with NCB participants are 

enrolled and randomly assigned to DCB or NCB 

group in a 1:1 ratio. 

The lesion of DCB group is then only treated again 

with DCB by the same size of previously used NCB 

according to randomization for 120s. DCB used in 

this trial has a paclitaxel dose of 3.5µg/mm2 and 

used urea as excipient (Medtronic IN. PACT, 

Medtronic, Minneapolis, MN, USA). 

A new angiography is performed after a second 

PTA to confirm the final angiographic result. After 

removing the introducer sheath, puncture site 

hemostasis is achieved by compression. 

All patients are started on dual antiplatelet therapy 

(DAPT) postoperatively: acetylsalicylic acid (ASA) 

100mg+clopidogrel 75mg.  

Follow-up: Follow-up assessments occur at one 

week, one month, 3 months, 6 and 12 months. 

Clinical and duplex follow up is done to evaluate 

dialysis circuit flow rate. 

Study Endpoints and Outcome Measures: 

The primary endpoint of the study is anatomical 

success (less than 30% residual stenosis of TL). 

Secondary endpoints include duplex assessment of 

dialysis circuit flow rate, complications (minor and 

major), target lesion primary patency (TLPP), target 

lesion assisted primary patency (TLAPP), target 

lesion secondary patency (TLSP), cumulative 

primary and assisted primary patency as well as 

intervention free survival for 12 months follow up. 

Anatomical success is defined as less than 30% 

residual diameter stenosis of the target lesion 

measured immediately after PTA by the operating 

physician at the time of the procedure.  

TLPP is defined as uninterrupted patent and 

functional dialysis circuit till repeating surgical 

and/or percutaneous procedures during a given 

period. TLAPP is defined as a patent and functional 

dialysis circuit after repeating percutaneous revision 

of procedure during a given time period. TLSP is 

defined as a patent and functional dialysis circuit 

regardless of the number of repeating surgical, 
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percutaneous procedures and/ or surgically 

abandoned during a given period. 

Cumulative primary patency is defined as the total 

time the dialysis circuit remains patent, till 

repeating surgical and/or percutaneous procedures 

during a given time period. Cumulative assisted 

primary patency is defined as the total time the 

dialysis circuit remains patent, after repeating 

percutaneous revision of procedure during a given 

time period. Intervention free survival is defined as 

the total time the dialysis circuit remains patent, 

regardless of the number of repeating surgical, 

percutaneous procedures surgically abandoned 

during a given time period. 

Randomization: Simple randomization and 

concealment is achieved using computer-generated 

random numbers and the sealed envelope technique. 

Envelopes are opened in the operating room after 

confirmation of successful TL dilatation. Enrolled 

patients are allocated to the studied groups in 1:1 

ratio. Randomization, allocation, and concealment 

are supervised by an independent researcher who is 

not aware of the nature of the study. 

Statistical Analysis: 

Data collected throughout history, basic clinical 

examination, laboratory investigations and outcome 

measures are coded, entered and analyzed using 

Microsoft Excel software. Data are then imported 

into Statistical Package for the Social Sciences 

(SPSS version 20.0) software for analysis. 

Qualitative data are represented as numbers and 

percentages, while quantitative ones are continues 

represented by mean and SD. Difference and 

association of qualitative variables are tested by Chi 

square test. (X2). While differences between 

quantitative independent groups are tested by t test. 

P value is set at <0.05 for significant results & 

<0.001 for highly significant results. 

RESULTS 

Patient Demographics 
Table 2 shows demographic data and risk factors; 

Table 3 shows dialysis access and procedural data. 

The CONSORT chart to demonstrate the study 

protocol is delivered in Figure 1, of 53 patients 

screened, 39 are recruited and proceeded to 

fistulography and angioplasty, 4 (10% of those 

undergoing angioplasty) were ruled out due to 

unsuccessful  dilation that needed stent insertion.  

One patient was lost to follow-up at each group, 

in addition to one patient died in DCB group and 

two patients in NCB group. Also, one patient in 

DCB group and two patients in NCB group were 

ruled out due to voluntary withdrawal. Only 27 

patients completed the study (13 in DCB group and 

14 in NCB group) until the end of follow up period 

after 12 months. 

The mean age for DCB group is 55.1 years and that 

of NCB group is 54.6 years. There are no significant 

differences in demographics or risk factors and TL 

characteristics between the DCB and NCB groups. 

Most common risk factors, include diabetes (61.5% 

&64.3%), hypertension (76.9% & 64.3%) in DCB 

and NCB groups respectively. (Table 2). 

Study outcome 
Procedural outcomes in DCB and NCB groups are 

shown in Tables 4-6. Anatomical success is 

achieved in 100% (13/13) of DCB group and 100% 

(14/14) of NCB group.  

A total of 14 reinterventions are performed during 

the study period, 8 in NCB and 6 in DCB group. 

Successful endovascular angioplasty for all circuit 

restenosis are performed in one DCB patient and 

three NCB patients. Rates of overall fistula 

restenosis are higher in NCB than DCB group 

without significance difference. (Table 6). 

Thrombectomy is performed for the access 

thrombosis in five patients in each group, being 

failed and abandonment in all patients from each 

group. (Table 6). There are no minor, major or 

other procedure-related complications reported in 

either treatment group. 

Mean access flow data shows a significant 

elevation between preoperative and postoperative 

values in both groups (P <0.001). Preoperative flow 

rates for patients undergoing DCB or NCB are 

comparable (285.66+30.18 vs 290.66+36.82 ml/min 

respectively; P= 0.701). However, mean 

postoperative access flow rates are higher in the 

DCB group than in the NCB, but statistically 

insignificant (685.66+142.7 vs 616.25+91.7 ml/min 

respectively; P=0.157; Table 5). 

Target Lesion Patency rates 
TLPP rates between DCB and NCB at 6 months 

(69.2% vs 57.1%) and 12 months (61.5% vs 57.1%) 

are comparable (P = 0.51 and 0.81 respectively), as 

well as TLAPP at 6 months (76.9% vs 71.4% ) and 

12 months (61.2% vs 64.3% ; P = 0.74 and 0.88 

respectively). TLSP rates between DCB and NCB at 

6 months (76.9% vs 71.4%) and 12 months (69.2% 

vs 64.3%) are also comparable (P = 0.74 and 0.78 

respectively; Table 4). 

Kaplan-Meier survival analysis shows no 

statistically significant differences between the 

studied groups regarding cumulative primary and 

assisted primary patency as well as intervention free 

survival during 12 months follow up. (Figures 2-4).
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Table 1: Inclusion and exclusion criteria 

Inclusion Criteria

 Patient is ≥18 years of age with a life expectancy of ≥12 months. 

 Patient has an upper limb native AVF, created ≥60 days prior to the primary intervention. 

 Patient underwent successful dialysis for at least 8 of 12 sessions during a four-week period from AVF. 

 Patient has a new stenotic lesion located between the arteriovenous anastomosis and cephalic 

arch/brachioaxillary vein junction with ≥50% stenosis. 

 Clinical criteria of dysfunctional fistula, as prolonged bleeding after access needle withdrawal, abnormal 

pulsations and weak thrill 

 Native vessel 4-7 mm in diameter (corresponding to the size of available DCBs) 

 Patient underwent successful dilatation of TL (<30% residual stenosis) with  NCB. 

 Patient has consented to participate in the trial and has agreed to attend all follow-up schedule. 

Exclusion Criteria 

 Patients younger < 18 years of age. 

 Patients who had previous intervention on the same AVF or ipsilateral central vein. 

 Patients who have Arteriovenous grafts. 

 Patients who have aneurysms, pseudo- aneurysms. 

 Patients who have steal syndrome. 

 Patients with current or previous thrombosis of AVF. 

 Patient with concomitant central venous stenosis. 

 Patient with extra anastomotic arterial inflow lesion (> 2cm from anastomosis). 

 Patients with infection local /systemic. 

 Patients needing concomitant surgical intervention. 

 Pregnant or breast-feeding female patients. 

 Patients expected to undergo a kidney transplant within 6 months. 

 Patients on immunosuppressive medications. 

 Patients with contraindications for dual antiplatelet therapy. 

 Patients allergic to paclitaxel / contrast 

 Patients who are deemed unlikely to be non-complaint with follow up 

Table 2: Demographic data distribution between studied groups 

 NCB DCB t/ X2 P  

Age 54.66±8.51 55.13±7.94 0.147 0.884 

BMI 28.66±3.65 31.0±4.35 0.683 0.545 

Sex Female  N  4 8   

%  28.6% 61.5%   

Male  N  10 5 0.29 0.58 

%  71.4% 38.5%   

Diabetes mellitus (DM) -VE N  5 5   

%  35.7% 38.5%   

+VE N  9 8 0.02 0.88 

%  64.3% 61.5%   

Hypertention  -VE N  5 3   

%  35.7% 23.1%   

+VE N  9 10 0.51 0.47 

%  64.3% 76.9%   

Coronary artery disease (CAD) -VE N  10 7   

%  71.4% 53.8%   

+VE N  4 6 0.44 0.64 

%  28.6% 46.2%   

Smoking -VE N  10 10   

%  71.4% 76.9%   

+VE N  4 3 0.10 0.74 
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 NCB DCB t/ X2 P  

%  28.6% 23.1%   

Total N  14 13   

%  100.0% 100.0%   

Table 3: Dialysis access and procedure data distribution between studied groups  

 NCB DCB t/ X2 P  

Dialysis access data 

Dialysis duration (months) 13.66±4.36 10.46±3.63 0.463 0.659 

Lesion length (cm) 5.81±1.03 6.02±1.35 0.430 0.671 

Stenosis percentage (%) 69.16±9.0 68.0±10.82 0.299 0.767 

Dialysis access 

side 

Lt N  10 5   

%  71.4% 38.5%   

Rt N  4 8 0.29 0.58 

%  28.6% 61.5%   

Dialysis access 

type 

BB N  3 2   

%  21.4% 15.4%   

BC N  7 7 0.16 0.92 

%  50.0% 53.8%   

RC N  4 4   

%  28.6% 30.8%   

Target lesion 

location 

Anastomotic N  5 4   

%  35.7% 30.8%   

Cannulation 

zone 

N  4 4 0.96 0.81 

%  28.6% 30.8%   

Juxta 

anastomotic 

N  5 5   

%  35.7% 38.5%   

Abnormal thrill 

 

No  N  6 5   

%  42.9% 38.5%   

Yes  N  8 8 0.05 0.81 

%  57.1% 61.5%   

Recirculation 

 

No  N  8 8   

%  57.1% 61.5%   

Yes  N  6 5 0.054 0.81 

%  42.9% 38.5%   

Difficult 

puncture 

 

No  N  4 3   

%  28.6% 23.1%   

Yes  N  10 10 0.106 0.74 

%  71.4% 76.9%   

Pulling clots 

 

No  N  8 10   

%  57.1% 76.9%   

Yes  N  6 3 1.18 0.27 

%  42.9% 23.1%   

Procedure data 

Balloon diameter (mm) 6.0±0.73 6.46±0.74 1.626 0.117 

Balloon length (cm)  7.0±1.04 7.2±1.01 0.503 0.620 

Inflation duration (minute) 2.0±0.0 2.0±0.0 0.00 1.00 

BB: Brachiobasalic BC: Bachiocephalic RC: Radiocephalic 
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Table 4: Post-operative outcomes and patency rates distribution between studied groups  

 NCB DCB t/ X2 P 

Cumulative 1ry patency (days) 226.75±75.1 288.2±95.36 1.274 0.214 

Intervention free survival (days) 255.66±88.63 299.86±97.63 0.963 0.345 

TLPP 6/12 -VE N 6 4   

% 42.9% 30.8%   

+VE N 8 9 0.42 0.51 

% 57.1% 69.2%   

TLPP 12/12 -VE N 6 5   

% 42.9% 38.5%   

+VE N 8 8 0.054 0.81 

% 57.1% 61.5%   

TLAPP 6/12 -VE N 4 3   

% 28.6% 23.1%   

+VE N 10 10 0.106 0.74 

% 71.4% 76.9%   

TLAPP 12/12 -VE N 5 5   

% 35.7% 38.5%   

+VE N 9 8 0.02 0..88 

% 64.3% 61.5%   

TLSP 6/12 -VE N 4 3   

% 28.6% 23.1%   

+VE N 10 10 0.106 0.74 

% 71.4% 76.9%   

TLSP 12/12 -VE N 5 4   

% 35.7% 30.8%   

+VE N 9 9 0.074 0.78 

% 64.3% 69.2%   

Total N 14 13   

% 100.0% 100.0%   

Table 5: Changes of access volume rate between studied groups 

 NCB DCB t/ X2 P  

Pre-operative access volume flow (ml/min) 290.66±36.82 285.66±30.18 0.388 0.701 

Post-operative access volume flow (ml/min) 616.25±91.7 685.66±142.7 1.458 0.157 

P  0.00** 0.00**   

Table 6: Complication distribution between studied groups  

 Group X2 P 

NCB DCB 

Recurrence -VE N 11 12   

% 78.6% 92.3%   

+VE N 3 1 0.76 0.29 

% 21.4% 7.7%   

Access circuit 

thrombosis 

-VE N 9 8   

% 64.3% 61.5%   

+VE N 5 5 0.02 0.88 

% 35.7% 38.5%   

Total N 14 13   

% 100.0% 100.0%   
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Figure 1: CONSORT (The Consolidated Standards of Reporting Trials) chart illustrating study protocol 

 
Figure 2: Kaplan-Meier for primary patency survival 

 
Figure 3: Kaplan-Meier for primary assisted patency survival 

 
Figure 4: Kaplan-Meier for Intervention free survival 
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DISCUSSION 

In a newly formed hemodialysis access, neointimal 

hyperplasia may occur at the anastomotic site 

among other sites leading to outflow stenosis. [29] 

Neointimal hyperplasia occurs as a combination of 

factors including initial trauma to the vessels at the 

time of vascular access surgery, elevated oxidative 

stress and shear stress across the dialysis circuit, 

access injury from dialysis needle punctures 

resulting in proliferation of the smooth muscle cells 

and attempts of angioplasties to prolong arterio- 

venous access. [30,31] Different modalities for 

salvage of failing dialysis access have been used 

including transluminal angioplasty, cutting 

balloons, stents, and stent grafts. [32] 

In recent years, the use of DCB has been developed 

as a combination of the mechanical action of the 

angioplasty balloon and the pharmacological action 

of the substances that reduce cellular proliferation 

and neointimal hyperplasia. [3] The most widely 

used drug is the cytostatic agent paclitaxel. [33, 34] 

Our results have shown that TLPP rates at 6 and 12 

months are improved in DCB in comparison to 

NCB, but it remains statistically insignificant. TLSP 

rates at 6 months are again improved in DCB in 

comparison to NCB and comparable at 12 months 

and remains statistically insignificant. There are no 

minor, major, or other procedure-related 

complications reported in either treatment group. 

However, rates of overall fistula restenosis are 

higher in NCB than DCB group without significant 

difference. 

On other hand, mean access flow data shows a 

significant elevation between preoperative and 

postoperative values in both groups; in addition to 

mean postoperative access flow rates are higher in 

DCB group than in NCB, but statistically 

insignificant. 

Several clinical series and studies demonstrating the 

effectiveness of DCBs in the management of failing 

dialysis accesses, reported different results in terms 

of the time-to-reintervention and the patency rates. 

Both target lesion and dialysis access primary 

patency rates did not differ between DCB and PTA 

at six months in a multicentre RCT of 285 patients 

with failing AVF. The DCB group, however, 

required fewer interventions to maintain target 

lesion patency at six months (0.31 versus 0.44 per 

patient, P = 0.03). [3] In contrast, DCBs were 

demonstrated to have a worse time-to-reintervention 

at 12 months in a single-centre RCT of 39 patients. 

[28]. A recent multicentre study enrolling 136 

patients with failing fistulae and grafts who were 

allocated to DCB or NCB, found no significant 

difference in primary patency at six and 12 

months.  Both treatment arms had comparable 

safety profiles and death rates. [35] 

Another meta-analysis of eight RCTs (PCB=327, 

PTA = 331) that focused on the causes of death as 

the primary endpoint, found no significant 

difference in short and mid-term death rate when 

DCBs were used versus PTA. [36] 

Katsanos et al. [27] investigated 40 cases of dialysis 

fistula or AV graft angioplasty with DCBs to NCB 

angioplasty. At six months, the DCB group had 

70% primary patency compared to 25% in the NCB 

group. Another study compared 20 lesions in ten 

patients and found that DCBs had significantly 

longer target lesion revascularization duration than 

PTA (25112 d vs. 103.2 d; P0.01). The DCB group 

had a significantly improved primary patency rate 

of the target lesion at six months, but this was 

statistically insignificant after 12 months, which is 

comparable to our findings. [26] 

Kitrou et al. [23] assigned 40 patients to DCB or 

NCB angioplasty for the treatment of failing AVF. 

Two-thirds of the DCB group required further 

dilatation with an NCB to achieve anatomic 

success. Despite this, DCB significantly increased 

target lesion restenosis-free survival (DCB, 308 

days vs. NCB, 161 days; P= 0.03). Primary dialysis 

access patency was significantly improved with the 

DCB angioplasty (PCB, 270 days vs. NCB, 161 

days; P=0.04). 

A current randomized study of 330 patients reported 

that DCB is significantly better than traditional 

balloon angioplasty in preserving six-month patency 

(82.2% vs. 59.5 %, P <0.0001). [37] 

There is significant heterogeneity in the data 

published so far which can be explained by 

heterogeneous group of patients including patients 

with recurrent stenosis. Central vein stenosis 

/synthetic grafts. In our study we attempted to 

reduce the heterogeneity by focusing on de novo 

lesions in native fistulas with no central venous 

stenosis. Taking this into account our study suggests 

there is some short-term clinical advantage, but this 

remains statistically non-significant.  

Although some of these treatments have reported 

promising results, up to date, no treatment modality 

for dialysis access has been documented in a large, 

homogenous, and focused meta-analysis. 

Our study does have some limitations including 

small sample size and short follow up period. 

Recruitment was slow and the mortality risk 

demonstrated in katsanos and colleagues [22] meta-
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analysis lead to more clinician’s unwilling to offer 

this treatment to their patients. 

CONCLUSION 
DCB is a promising alternative for failing AVF 

treatment with non-significantly improved short 

term access patency and reduced target lesion 

restenosis rate. We recommend large-scale 

homogenous multicentre RCTs with long-term 

follow-up data to obtain results which may be 

statistically significant. 
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