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Abstract
Background/Aims: Twice-weekly hemodialysis(HD) is prevalent in the developing countries, 
scarce data are available for this treatment in patients with long-term dialysis vintage. Methods: 
106 patients with more than 5 years HD vintage undergoing twice-weekly HD or thrice-
weekly HD in a hemodialysis center in Shanghai between December 1, 2013 and December 
31, 2013 were enrolled into the cohort study with 3 years follow-up. Kaplan–Meier analysis 
and Cox proportional hazards models were used to compare patient survival between the two 
groups. Subgroup analysis of 62 patients more than 10 years HD vintage was also performed 
according to their different dialysis frequency. Results: Compared with patients on thrice-
weekly HD, twice-weekly HD patients had significantly longer HD session time and higher 
single-pool Kt/V (spKt/V) (session time, 4.59±0.45 vs 4.14±0.31 hours/per session, P<0.001; 
spKt/V, 2.12±0.31 vs 1.83±0.30, P<0.001). Kaplan–Meier survival analysis indicated that the 
two groups had similar survival (P=0.983). Multivariate Cox regression analysis showed that 
age and time-dependent serum albumin were predictors of patient mortality. Subgroup 
analysis of 62 patients more than 10 years HD vintage also indicated that the two groups 
had similar survival. During the follow-up, 4 patients dropped out from the twice-weekly HD 
group and transferred to thrice-weekly HD. Conclusion: The similar survival between twice-
weekly HD and thrice-weekly HD in patients with long-term dialysis vintage is likely relating to 
patient selection, individualized treatment for dialysis patients based on clinical features and 
socioeconomic factors remains a tough task for the clinicians.
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Introduction

End-stage renal disease(ESRD) has caused heavy economic burden to both patients 
and governments. Hemodialysis(HD) is a major renal replacement therapy(RRT) for ESRD 
patients. For decades thrice-weekly HD has been established as a standard RRT for dialysis 
patients, but twice-weekly HD is prevalent in the developing countries, and occasionally 
could be spotted in the developed countries [1-3]. In China, about a quarter of the HD 
population receives twice-weekly HD [4], the proportion of this treatment regimen may be 
even higher in south Asia countries [5]. Few countries, such as Thailand, only twice-weekly 
HD could be covered by medical insurance [6]. Recently an incremental hemodialysis model 
with initiation of twice-weekly HD for incident patients has been advised in order to preserve 
the residual renal function better and to maximize the use of medical resource [7-9]. But it 
is unclear how long for this treatment approach could be lasted, and very scarce data are 
available for twice-weekly HD in patients with long-term dialysis vintage.

In the present study, we performed a retrospective cohort study with three years follow-
up in Shanghai renji hospital hemodialysis center (western part), to evaluate the clinical 
outcome of twice-weekly hemodialysis patients with long-term dialysis vintage. All the 
patients have been more than 5 years HD vintage with regular twice-weekly HD or thrice-
weekly HD, 2 patients with twice-weekly HD and 3 patients with thrice -weekly HD have 
been more than 20 years vintage. This study was not a randomization controlled trial(RCT) 
as it was not suitable to conduct such a study in these special patients.

Materials and Methods

Patient Selection and study design
There were 180 patients undergoing regular hemodialysis between December 1, 2013 and December 

31, 2013 in Shanghai Renji hospital hemodialysis center (western part). All the patients were dialyzed with 
Fresenius series dialyzers, most of them used high flux FX80 or FX1000. 118 patients have been more than 
5 years HD vintage. 11 of them underwent hemodialysis with 2.5 times per week (i.e.,5 times HD for every 
2 weeks), these patients were excluded from the study due to their irregular dialysis frequency, one patient 
was also excluded from the study because she was involved in a clinical trial. The rest of 106 patients with 
regular twice-weekly HD or thrice-weekly HD were eligible to be enrolled into the cohort study.

All patients were given informed consent. The hemodialysis modality was mainly based on patients’self-
selection. Most of the patients selected twice-weekly HD due to financial constraints or inconvenient 
movement. Those who had suspected inadequate solute and/or fluid removal with twice-weekly HD were 
advised to transfer to thrice-weekly HD by physicians. The study protocol was in agreement with the 
guidelines of the Ethics Committee at our hospital.

Baseline data were recorded including age, gender, primary renal disease, dialysis frequency, duration 
on dialysis before enrollment, body surface area(BSA), body mass index(BMI), presence of diabetes mellitus 
(DM), blood pressure (BP), HD session time, biochemical indices, as well as spKt/V and ultrafiltration 
volume (values taken from Daugirdas formula for calculation of spKt/V). Urine status was also recorded 
according to patients’ self-description. Most of the patients were receiving drugs common in ESRD, including 
antihypertensive medication, erythropoietin (EPO) and phosphorus binders.

Patients were regularly monitored, every six months there was a thorough examination of clinical 
parameters including virus test and other common biochemical indices and dialysis adequacy index, some 
biochemical indices such as hemoglobin and phosphorus level had more frequency monitor. Follow- up 
was ended until January 31, 2017. Death was the major end point. Patients who switched to the other 
dialysis frequency group (i.e., transfered from twice-weekly HD to thrice-weekly) were censored for survival 
analysis.

http://dx.doi.org/10.1159%2F000491566
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Data Collection
Adequacy of dialysis was estimated by measurement of spKt/V using Daugirdas formula [10]. URR was 

calculated as percentage of post-dialysis blood urea nitrogen (BUN) divided by pre-dialysis BUN. Weekly 
Kt/V was counted as spKt/V multiplied by frequency/per week. Biochemical tests including hemoglobin, 
blood urea nitrogen, serum creatinine, glucose, calcium and phosphorus levels and intact parathyroid 
hormone (iPTH) were examined using automatic standard equipment. Fresenius TDMS software (Therapy 
data management system, V2.82.4593.33387) was used to assist with data management.

Statistical analysis
Statistical analysis was performed using SPSS 15.0 for Windows (SPSS Inc., Chicago, IL). Results were 

expressed as mean±SD. Comparison of means or percentages were performed using paired and unpaired 
ANOVA or a Chi-square test. Correlations were analyzed using Pearson’s correlation coefficient.

The Cox proportional hazards model was used for survival analysis. Baseline parameters with a P value 
<0.05 in univariate Cox regression were then incorporated into a final multivariate Cox regression analysis. 
Backward stepwise elimination using the Wald test was applied to remove insignificant variables, a P value 
<0.05 was counted as statistical significance. Albumin was treated as a time-dependent variable in final Cox 
model.

We also performed Kaplan-Meier survival analysis, dividing the patients into two groups as twice-
weekly HD or thrice-weekly HD. Subgroup analysis of survival in patients more than 10 years HD vintage 
was also performed according to their different dialysis frequencies.

Results

Baseline characteristics
In total 106 recruited patients, 38 of them underwent twice-weekly HD and 68 of 

them underwent thrice-weekly HD. 62 patients had been on HD for more than 10 years at 
enrollment (15 patients with twice-weekly HD and 47 patients with thrice-weekly HD), 2 
patients with twice-weekly 
HD and 3 patients with 
thrice-weekly HD had 
been on HD for more than 
20 years. The longest HD 
vintage was 24.9 years in 
this cohort, who was on 
twice-weekly HD.

Baseline clinical 
characteristics of the 
subjects were summarized 
in Table 1. Briefly, compared 
to patients with thrice-
weekly HD, the twice-
weekly HD patients had 
significantly longer HD 
session time and higher 
single-pool Kt/V (spKt/V) 
(session time, 4.59±0.45 
vs 4.14±0.31 hours/per 
session, P<0.001; spKt/V, 
2.12 ± 0.31 vs 1.83 ± 0.30, 
P<0.001). Weekly SpKt/V 
in twice-weekly HD group 
was significantly lower 

Table 1. Baseline data of 106 HD-patients more than 5 years HD vintage 
grouped according to dialysis frequency. Note: Data are expressed 
as mean±SD, P values result from comparisons of baseline values of 
the two groups divided by HD frequency. Abbreviations: BP, blood 
pressure; Scr, Serum creatinine; UF, ultrafiltration; SpKt/V, single-pool 
Kt/V; URR, urea reduction ratio; iPTH, intact parathyroid hormone

 

 
Characteristics All Patients Twice-weekly 

HD Thrice-weekly HD P Value 
No. of patients 106 38 68  
Gender M:F 56:50 19:19 37:31  
Age years  60.1±12.5 61.8±13.6 59.1±11.8 0.290 
HD vintage years 11.4±4.7 9.6±4.5 12.4±4.6 0.002 
≥10 years          
HD vintage,n(%)            62 (58.5) 15 (39.5) 47 (69.1)  
≥20 years          
HD vintage,n(%) 5 (4.7) 2 (5.3) 3 (4.4)  
Anuric status, n(%) 101 (95.3) 33 (86.8) 68 (100)  
Diabetic status, n(%) 13 (12.3) 3 (7.9) 10 (14.7)  
Body surface area m2 1.66±0.17 1.63±0.15 1.68±0.18 0.142 
Body mass index kg/m2 23.0±3.3 22.6±3.4 23.2±3.2 0.411 
Systolic BP mmHg 142.4±23.3 151.0±21.6 137.6±23.0 0.004 
Diastolic BP mmHg   74.5±14.2 74.3±16.1 74.6±13.1   0.913 
Blood urea nitrogen mmol/L 28.7±6.6    31.8±6.2 27.0±6.3 0.000 
Scr umol/L 1040.8±221.3 1114.3±287.0 999.7±162.7 0.010 
SpKt/V 1.93±0.33 2.12±0.31 1.83±0.30 0.000 
URR % 78.4±5.5    81.0±4.3 77.0±5.6 0.000 
Weekly SpKt/V 5.03±1.01    4.23±0.63 5.48±0.90 0.000 
HD session time hours   4.30±0.42            4.59±0.45   4.14±0.31 0.000 
UF rate L/per session      3.11±0.91              3.24±0.96 3.04±0.88   0.288 
Dry weight kg 58.8±10.4 56.6±9.6   60.0±10.8    0.109 
Hemoglobin g/L     112.8±16.4 109.2±15.7 114.8±16.6 0.094 
Serum albumin g/l     38.9±3.2 39.2±3.0 38.7±3.3 0.452 
Calcium mmol/L    2.23±0.33 2.23±0.33 2.24±0.34 0.913 
Phosphorus mmol/L     1.81±0.51 1.90±0.46 1.77±0.54 0.217 
iPTH  pg/ml   573.6±515.1  581.8±574.8 569.0±482.9 0.903 
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than that in thrice-weekly 
HD group(P<0.001). The 
two groups had similar 
age and albumin level, 
also ultrafiltration volume 
during HD session time 
between the two groups was 
similar. Subgroup analysis 
of 62 patients more than 
10 years HD vintage also 
indicated similar results 
(Table 2).

5 patients in twice-
weekly HD group with 
vintage between 5-10 years 
had urine output more 
than 200ml in the day pre-
hemodialysis. None of the 
patients on thrice-weekly 
HD group or those with more 
than 10 years HD vintage 
had acceptable residual 
renal function(RRF).

Longitudinal data
Table 3 showed the 

longitudinal changes in 
biochemical parameters 
and ultrafiltration rate at 
baseline and during the 
study period. Briefly, while 
compared with baseline 
data, serum albumin 
significantly decreased 
after three years follow-
up in both twice-weekly 
HD and thrice-weekly HD 
groups. The other variables 
were stable during follow-
up. The table also indicated 
that twice-weekly HD 
had significantly lower 
hemoglobin and weekly 
SpKt/V, but higher serum 
creatinine and SpKt/V 
compared with thrice-
weekly HD in most study 
time points.

5 patients in twice-
weekly HD group had obvious urine output initially but 3 of them became anuric when the 
study ended.

4 patients switched from twice-weekly HD to thrice-weekly HD during the follow-up, 
the reason for dialysis frequency alteration was due to suspected overhydration.

Table 2. Baseline data of 62 patients more than 10 years HD vintage 
grouped according to dialysis frequency. Note: Data are expressed 
as mean±SD, P values result from comparisons of baseline values of 
the two groups divided by HD frequency. Abbreviations: BP, blood 
pressure; Scr, Serum creatinine; UF, ultrafiltration; SpKt/V, single-pool 
Kt/V; URR, urea reduction ratio; iPTH, intact parathyroid hormone

 

 
 

Characteristics All Patients Twice-weekly 
HD Thrice-weekly HD P Value 

No. of patients 62 15 47  
Gender M:F 35:27 8:7 27:20  
Age years   58.6±11.1 58.5±10.4 58.6±11.4 0.990 
HD vintage years 14.7±3.2 13.8±4.3 15.0±2.8 0.213 
Body mass index kg/m2 22.8±2.9 22.3±2.7 23.0±2.9 0.423 
Systolic BP mmHg 136.5±22.0 144.2±23.9 134.1±21.1 0.122 
Diastolic BP mmHg   74.2±13.5 74.9±15.5 74.0±12.9 0.826 
Blood urea nitrogen mmol/L 28.2±6.8 32.2±5.7 26.9±6.6 0.007 
Scr umol/L 1037.1±212.0 1213.2±260.8 980.9±160.0 0.000 
SpKt/V 1.92±0.32 2.13±0.31 1.86±0.30 0.004 
URR % 78.3±5.4 81.0±4.4 77.4±5.5 0.024 
Weekly SpKt/V 5.25±1.00 4.25±0.62 5.57±0.90 0.000 
HD session time hours   4.32±0.44 4.73±0.46 4.19±0.34 0.000 
UF rate L/per session      3.25±0.92 3.51±1.01 3.16±0.88 0.203 
Hemoglobin g/L     115.6±16.6 110.4±15.7 117.3±16.7 0.163 
Serum albumin g/l     38.6±3.4 38.7±2.8 38.6±3.6 0.941 
Calcium mmol/L    2.22±0.34 2.23±0.31 2.22±0.36 0.901 
Phosphorus mmol/L     1.80±0.56 2.04±0.43 1.726±0.57 0.055 
iPTH  pg/ml   633.8±565.1 758.5±711.3 594.0±512.7 0.330 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. Longitudinal data of 106 HD-patients more than 5 years HD 
vintage during the study period. Note: Data are expressed as mean±SD, 
P values result from comparisons of the two groups divided by HD 
frequency at different study point. Abbreviations: Scr, Serum creatinine; 
UF, ultrafiltration; SpKt/V, single-pool Kt/V. *P<0.01, compared with 
twice-weekly HD, ANOVA; ∆P<0.05, compared with twice-weekly HD, 
ANOVA; ◊P<0.05, compared with baseline, ANOVA; ⋆P<0.01, compared 
with one year data, ANOVA

 

 
 

Characteristics Follow-Up 
Baseline One year Two year Three year 

No. of patients 
Twice-weekly HD 
Thrice-weekly HD 

106 
38 
68 

97 
33 
64 

83 
27 
56 

79 
26 
53 

Hemoglobin g/L 
Twice-weekly HD 
Thrice-weekly HD 

112.8±16.4 
109.2±15.7            
114.8±16.6 

112.0±15.6 
105.8±14.3 
115.2±15.4* 

110.5±17.5 
102.7±16.9 
114.3±16.6* 

112.3±16.9 
103.8±13.0 
116.4±17.1* 

Serum albumin g/l 
Twice-weekly HD 
Thrice-weekly HD 

38.9±3.2 
39.2±3.0 
38.7±3.3 

39.8±3.1 
40.0±3.5 
39.7±2.9   

38.5±2.8 
38.7±2.9 
38.4±2.7 

37.1±3.0◊⋆ 
36.4±3.5◊⋆ 
37.4±2.6◊⋆ 

Scr umol/L 
Twice-weekly HD 
Thrice-weekly HD 

1040.8±221.3 
1114.3±287.0      
999.7±162.7∆     

1048.0±239.9 
1131.0±285.2 
1005.2±202.2∆ 

1075.7±266.7 
1163.7±323.9 
1033.2±225.4∆ 

1003.3±245.0 
1039.4±289.2 
985.5±221.1 

SpKt/V 
Twice-weekly HD 
Thrice-weekly HD 

1.93±0.33 
2.12±0.31                 
1.83±0.30*      

1.93±0.37 
2.15±0.36 
1.81±0.31* 

1.99±0.37 
2.19±0.33 
1.89±0.35* 

1.85±0.33 
1.96±0.30 
1.80±0.33∆ 

UF L/per session 
Twice-weekly HD 
Thrice-weekly HD 

3.11±0.91 
3.24±0.96                 
3.04±0.88                 

3.26±0.90 
3.48±0.97 
3.15±0.85 

3.24±0.96 
3.46±1.10 
3.14±0.87 

3.22±0.92 
3.23±1.01 
3.21±0.89 

Weekly SpKt/V 
Twice-weekly HD 
Thrice-weekly HD 

5.03±1.01 
4.23±0.63             
5.48±0.90*      

5.05±1.02 
4.30±0.73 
5.44±0.93*   

5.26±1.11 
4.38±0.66 
5.68±1.04*    

4.91±1.12 
3.93±0.60 
5.40±0.99* 

Phosphorus mmol/L 
Twice-weekly HD 
Thrice-weekly HD 

1.81±0.51 
1.90±0.46                 
1.77±0.54                 

1.87±0.53 
1.91±0.55 
1.85±0.52 

1.96±0.51 
1.84±0.38 
2.02±0.56 

1.78±0.53 
1.69±0.51 
1.82±0.54 
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Survival analysis
During the study period, 25 patients dropped-out. 3 were transferred to other 

hemodialysis centers, 2 received transplantation, and 20 died. Cardiovascular disease was 
the leading cause of death, while infection was the second most common cause of death.

Univariate Cox regression survival analysis was summarized in Table 4. Briefly, age, 
diabetic status, serum albumin, blood urea nitrogen, and serum creatinine were each 
predictors of death. In multivariate Cox analysis, age and time-dependent serum albumin 
were predictors of mortality, whereas hemodialysis frequency could not predict mortality 
(Table 5).

Kaplan–Meier survival analysis showed that the two groups between twice-weekly 
HD and thrice-weekly HD had similar survival (P=0.983) (Fig.1). Subgroup analysis of 62 
patients with more than 10 years HD vintage also indicated that the two groups had similar 
survival(P=0.766) (Fig.2).

There were 5 patients more than 20 years HD vintage (2 patients twice-weekly HD and 
3 patients thrice-weekly HD), only one patient on thrice-weekly HD died during the study 
period and the other 4 patients were alive at the end of the study.

Discussion

Thrice-weekly hemodialysis has been the standard renal replacement therapy (RRT) 
for several decades, but twice-weekly HD is prevalent in the developing countries, and also 
could be found in American and in some European countries [1-3]. Thus far, there was no 
randomized controlled study to confirm that thrice-weekly HD was bound to superior to 
twice-weekly HD. In contrast, most observational studies indicated that twice-weekly HD 
had no inferior survival as compared with thrice-weekly HD. As far as 1999, data from the 
American national sample have found that twice-weekly HD had similar or even better survival 
compared to thrice-weekly HD either in prevalent patients or in incident patients [2]. Panaput 

Table 5. Summary of step-wise Cox regression 
analysis of patient survival using time-dependent 
albumin. The original model included age, gender, 
diabetic status, time-dependent serum albumin, 
and dialysis frequency

 

 
 
 
 

Variables Odds Ratio 
95% 

Confidence 
Interval 

P 
Value 

Age 1year   1.050         1.008-1.094 0.019          
Time-averaged Albumin(t) 
1 g/L 0.743 0.640-0.863 0.000 

 
 

Table 4. Relative risk (RR) of death in univariate 
Cox regression for selected variables at baseline 
in 106 HD-patients more than 5 years HD 
vintage. Abbreviations: BP, blood pressure; UF, 
ultrafiltration; iPTH, intact parathyroid hormone

 

 
 

Variables Odds Ratio  
95% 

Confidence 
Interval 

P 
Value 

Age 1year   1.077          1.034-1.121 0.000          
Sex  male 0.714 0.282-1.808 0.477 
Body mass index 1kg/m2   1.102   0.964-1.261 0.156 
HD vintage 1years   0.972 0.880-1.074 0.574 
Diabetic status  present 2.963 1.056-8.314 0.039 
Twice-weekly HD vs.  
Thrice-weekly HD 0.990 0.371-2.638 0.983 
Hemoglobin 1g/L 1.032   0.778-1.367   0.828 
Calcium 0.1mmol/L 0.942 0.817-1.085 0.406 
Phosphorus 0.1mmol/L 0.996 0.905-1.097 0.937 
iPTH  100pg/ml   1.001 0.913-1.097 0.988 
Serum albumin 1 g/L 0.703   0.598-0.826 0.000 
Blood urea nitrogen 1mmol/L 0.928 0.861-1.000 0.049 
Serum creatinine 100umol/L 0.728 0.594-0.892 0.002 
Single-pool Kt/V  
0.1 unit/per sessio 0.967 0.845-1.107 0.627 
Weekly SpKt/V  
0.1 unit/per week 0.994 0.949-1.041 0.792 
UF rate 100ml/per session 0.955 0.909-1.003   0.067 
HD session time hours 0.506   0.146-1.757 0.283 
Dry weight 1 kg 1.000 0.957-1.045 0.991 
Systolic BP 10mmHg 0.897 0.733-1.099 0.295 
Diastolic BP 10mmHg 0.862 0.618-1.202 0.381 
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conducted a prospective multi-center 
cohort study in Thailand, the results 
indicated that survival rate and 
times to hospitalization between 
the two groups were similar [6]. We 
also reported that twice-weekly HD 
patients had no inferior survival as 
compared with thrice-weekly HD 
in Shanghai [11]. Moreover, several 
studies from Shanghai and Taiwan 
have demonstrated that patients 
on twice-weekly HD had a slower 
decline of RRF as compared with 
those on thrice-weekly HD [12, 
13]. Hitherto, only very few limited 
data suggested that thrice-weekly 
HD might have better survival 
compared with twice-weekly HD. Obi 
performed a retrospective analysis of 
HD patients in the united states and 
found that patients on twice-weekly 
HD with little to no RRF experienced 
a higher all-cause mortality 
compared to those with similar low 
RRF on thrice-weekly HD, however, 
among patients with substantial RRF 
there was no difference in survival 
by dialysis frequency [7]. In a word, 
it showed that twice-weekly HD 
was not a repulsive RRT model for 
dialysis patients, both advantage and 
disadvantage should be considered 
when selected this treatment regime.

Being afraid of inadequate 
dialysis, previous guidelines on 
hemodialysis adequacy were based 
on thrice-weekly HD [14, 15]. The 
2006 KDOQI guidelines first set up an 
adequacy target for twice-weekly HD 
mainly according to experts’ opinion 
[16]. Recently some experts have 
advised an incremental hemodialysis 
with initiation of twice-weekly HD for 
incident patients in order to preserve 
the residual renal function better 
and to maximize the use of medical 
resource [7-9], but it is unclear how 
long for this treatment approach 
could be lasted, and very scarce data 
are available for such dialysis regime 
in patients with long-term dialysis vintage.

In the present study, we firstly described the clinical features and outcomes of twice-
weekly HD patients with long-term dialysis vintage, most of them were in anuric stage. It 

Fig. 1. Kaplan–Meier survival curves for all-cause mortality 
in 106 hemodialysis patients more than 5 years HD vintage 
grouped according to twice-weekly hemodialysis (solid) 
and thrice-weekly hemodialysis (dashed); P=0.983.

Fig. 2. Kaplan–Meier survival curves for all-cause mortality 
in 62 hemodialysis patients more than 10 years HD vintage 
grouped according to twice-weekly hemodialysis (solid) 
and thrice-weekly hemodialysis (dashed); P=0.766.
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was unexpected to find that survival in twice-weekly HD patients, either in those more than 
5 years HD vintage or in those more than 10 years HD vintage, was similar with that in thrice-
weekly HD patients. Moreover, 2 patients on twice-weekly HD have been more than 20 years 
HD vintage and they still kept well after 3 years follow-up. The longest vintage patient in the 
study was on twice-weekly HD with 24.9 years vintage at baseline, he absolutely refused to 
change to thrice-weekly HD as he felt well on twice-weekly HD, and he did have good life 
quality throughout the study. Taken together, our study demonstrated that at least some of 
twice-weekly HD patients could achieve no inferior survival as compared with thrice-weekly 
HD even with long-term dialysis vintage.

5 patients in twice-weekly HD group had obvious urine output at baseline and 2 of them 
still had urine output after 3 years follow-up, whereas none of the patients on thrice-weekly 
HD group had acceptable RRF. This result was coordinated with previous studies that twice-
weekly HD preserved RRF better than thrice-weekly HD [12, 13]. Since RRF significantly 
impacted dialysis patients’ outcomes, it is not surprise that twice-weekly HD could achieve 
similar or even better survival than thrice-weekly HD in incident patients with certain RRF. 
However, it would be confused that the present study indicated the similar survival between 
the two groups while most of the patients were in anuric stage. One reason is that we applied 
an incremental dialysis approach. It should be noticed that 4 patients with suspected fluid 
overload in twice-weekly HD group were transferred to thrice-weekly HD. one can speculate 
that some of patients with inadequate fluid and solute removal were gradually transferred 
from twice-weekly HD to thrice-weekly HD. Thus, the similar survival between twice-weekly 
HD and thrice-weekly HD in patients with long-term dialysis vintage is likely relating to 
patient selection.

Apart from RRF and incremental dialysis, there were several other factors may benefit 
twice-weekly HD in our study: First of all, a longer HD session time and a higher spKt/V in 
twice-weekly HD group was likely favoring this treatment selection, as previous studies have 
found that a longer HD session time and an adequacy of hemodialysis significantly benefited 
patients’ outcomes [17, 18]. Secondly, recent advance in hemodialysis may enable twice-
weekly HD to maintain for a long-term dialysis vintage. Most patients in the study used 
Fresenius high flux dialyzers and all the patients used ultrapure dialysate, such conditions 
would ensure an optimal solute clearance and benefit both the twice-weekly HD and thrice-
weekly HD patients [19-21]. Thus, our unique twice-weekly HD model characterized as a 
longer HD session time, a higher spKt/V around 2.0, and using high flux dialyzers and a 
personalized incremental dialysis approach. To our knowledge, the effect of such unique 
twice-weekly HD practice has not been reported elsewhere.

Previous studies demonstrated that volume status significantly impacted the prognosis 
of ESRD patients both in hemodialysis patients and peritoneal dialysis patients [22-24].The 
similar ultrafiltration volume between the two groups implied that most of the patients 
with twice-weekly HD only have moderate interdialytic fluid accumulation, which was likely 
associated with a better life style in twice-weekly HD group, a strict restriction of sodium 
and fluid intake should be important for twice-weekly HD patients.

Many studies have found that albumin was a strong predictors for dialysis patients [25, 
26]. Our study also confirmed that serum albumin, no matter baseline level or time-dependent 
one, could strongly predict the clinical outcome of hemodialysis patients. Apart from this, 
serum albumin significantly decreased with time in both twice-weekly HD and thrice-weekly 
HD groups. It was possible that malnutrition-inflammation-atherosclerosis(MIA) syndrome 
existed in our long term dialysis patient cohort, previous studies have demonstrated that 
this syndrome was associated with poor outcome in dialysis patients [27, 28].

The limitations of the present study include its design with a relatively small number 
of patients and the fact that it was not a randomized controlled trial. Besides, few patients 
had little urine output and we did not have definite RRF calculation of these patients. In 
spite of these shortcomings, we firstly reported the clinical features and outcomes of twice-
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weekly hemodialysis patients with long-term dialysis vintage, and it offers a new insight for 
individualized treatment of hemodialysis patients.

Conclusion

The similar survival between twice-weekly HD and thrice-weekly HD in patients with 
long-term dialysis vintage is meaningful for patients or units with financial constraints 
and resources limitations, but the results is likely relating to patient selection. A longer HD 
session time, a higher spKt/V, a close monitor and a personalized incremental dialysis should 
be important for this treatment regime. Individualized treatment for dialysis patients based 
on clinical features and socioeconomic factors remains a tough task for the clinicians.
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