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Abstract
Aim
Several studies suggest that a low pre-dialysis serum albumin level (<40g/L) is associated with increased
mortality in dialysis patients. The objective of this study was to assess if hemodialysis session duration
(HSD), ultrafiltration rate (UFR) and interdialytic weight gain percentage (IDWG%) are associated with pre-
dialysis serum albumin levels (markers of all-cause mortality), thus influencing mortality. 

Method 
This is a cross-sectional analytical study in which data were collected from a regional cohort of 59 prevalent
chronic hemodialysis patients using a national electronic database (eMED). Continuous data were analyzed
using a regression model to assess for an association between HSD, IDWG% and UFR with albumin levels.

Results
Fifty-six patients were included in the study. Multiple linear regression models demonstrated a cross-
sectional association between longer HSD and higher serum albumin levels and a statistically significant
positive correlation (r = 0.353; p < 0.05). No significant association of UFR (p = 0.169) and IDWG% (p = 0.549)
with albumin was observed. Mean albumin was 38.07 ± 3.96 g/L in the HSD <240 min group compared to
40.50 ± 2.83g/L in the HSD ≥240 min group which was statistically significant (p < 0.05).

Conclusion
Longer HSD has a cross-sectional association with higher pre-dialysis serum albumin with patients having
HSD ≥240 min demonstrating the highest levels of serum albumin. Our study suggests longer HSD may
improve mortality in the dialysis population.

Categories: Nephrology
Keywords: hemodialysis session duration, albumin, end stage renal disease, mortality, ultra-filtration, interdialytic
weight gain.

Introduction
Hemodialysis (HD) adequacy is primarily measured using small solute clearance based on the urea kinetic
modelling (UKM) [1]. However, HD adequacy is a multifaceted process and UKM in isolation can be
misleading when assessing HD patients. The landmark Hemodialysis Study (HEMO) did not demonstrate any
significant difference in mortality or cardiac events between mean single pooled Kt/V (spKt/v) 1.3 (low dose)
vs 1.7 (high dose) with a mean hemodialysis session duration (HSD) of 190 ± 23 vs 219 ± 23 min, respectively
[2]. Despite improvements in dialysis technology, the mortality rates remain high in the dialysis population
compared to the age-matched general population [3]. Large observational studies have identified short HSD,
high ultrafiltration rates (UFR) and high intradialytic weight gain (IDWG) as important independent markers
of mortality and adverse cardiovascular outcomes [4-7].

In particular, albumin <40g/L is a strong predictor of all-cause mortality in HD patients, representing poor
nutrition and inflammation [7-11]. We hypothesize long HSD, slow UFR and lower IDWG% are associated
with higher serum albumin levels, thus indicating better efficacy of dialysis and providing mortality
benefits. 
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Materials And Methods
We conducted a cross-sectional analytical study to investigate the association between HSD, UFR and
IDWG% with pre-dialysis serum albumin levels (a marker of all-cause mortality) in patients at a regional
dialysis unit in County Galway, Republic of Ireland. 

We identified all dialysis patients who had thrice weekly HD, aged ≥ 18 years, had a single pooled Kt/V ≥1.2
and ≥3 months on dialysis. Our primary response variable was serum albumin as a surrogate endpoint for
dialysis adequacy and all-cause mortality.

Data were obtained retrospectively from a regional cohort of prevalent chronic HD patients using a national
electronic database (eMED). For each patient, data were collected through a standardized printed form that
was subsequently computerized.

Summary statistics of continuous data were given as mean values, standard deviations (SD) and proportions
(percentage) for categorical data. We used a stepwise multiple linear regression model to determine the
association of each variable with albumin and to adjust for potential confounding variables. A p-value of
<0.05 was considered as statistically significant. Statistical analysis was carried out using Minitab® version
17.0.

Results
Fifty-six patients were included in the study with a mean age of 66 ± 16 years and a median dialysis vintage
of 24 months. Three patients were excluded due to the missing data required to complete statistical analysis.

Patient characteristics
The gender representation in the dialysis cohort was 33 (59%) males and 23 (41%) females. Majority of the
participants had a double-lumen cuffed catheter as a mode of dialysis access (n = 39). The mean HSD was of
220 ± 20.39 min. Approximately 46.43% patients achieved HSD ≥240 min with a mean of 241 ± 3.73 min. The
dialysis population demonstrated mean values of UFR 7.91 ml/hr/kg±2.73, IDWG% 2.74 ± 1.44, Kt/V 1.33 ±
0.14 and albumin 39 g/L ±3.66. The mean pre-HD phosphate and systolic blood pressures were 1.45 ± 0.40
mmol/L and 136.98 ± 26.10 mmHg, respectively with no significant difference between HSD ≥240 min and
<240 min groups.

Table 1 shows the baseline characteristics of the dialysis population. 
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Variables1 HSD <240 min (n = 30) HSD ≥240min (n = 26) Significance of difference (p-value) Total

Age (years) 68 ± 16 63 ± 16  66 ± 16

Male 11 22  33

Female 19 4  23

DM 8 12  20

HSD (min) 202 ± 9 241 ± 3.73 <0.05 220 ± 20.39

IDWG (Kg) 1.67 ± 0.98 2.27 ± 0.98 <0.05 1.95 ± 1

IDWG (%) 2.65 ± 1.55 2.83 ± 1.42 0.65 2.74 ± 1.44

UF (L) 1.85 ± 0.64 2.45 ± 0.65 <0.05 2.13 ± 0.71

UFR (ml/h/kg) 8.39 ± 3.09 7.35 ± 2.36 0.16 7.91 ± 2.98

Albumin (g/L) 38.07 ± 3.96 40.50 ± 2.83 <0.05 39.20 ± 3.66

Dialysis vintage (months)2 24 12  24

Pre-HD phosphate (mmol/l) 1.47 ± 0.50 1.42 ± 0.28 0.64 1.45 ± 0.40

Pre-HD SBP (mmHg) 134.77 ± 24.84 139.50 ± 27.75 0.51 136.98 ± 26.10

Post-HD SBP (mmHg) 126.63 ± 20.68 131 ± 16.93 0.39 128.66 ± 19

Permacath 21 18  39

AVF 9 8  17

KT/V 1.37 ± 0.15 1.30 ± 0.24 0.206 1.33 ± 0.14

 

TABLE 1: Baseline characteristics
1patient variables given as mean ± standard deviation (SD) where applicable; 2 Median 

DM: diabetes mellitus, HSD: hemodialysis session duration, IDWG: interdialytic weight gain; UF: ultrafiltration, UFR: ultrafiltration rate, HD:
hemodialysis, SBP: systolic blood pressure, AVF: arteriovenous fistula, K: dialyzer clearance of urea, T: dialysis time, V: volume of urea distribution

Clinical outcome
There was a significant, positive correlation between increasing HSD and higher serum albumin levels ( r =
0.353; p < 0.05). There was no significant association between UFR (p = 0.169) and IDWG% (p = 0.549) and
albumin levels. Stepwise multiple linear regression was performed to examine the simultaneous effect of six
independent continuous variables on serum albumin levels. Included variables were age, HSD, UFR,
IDWG%, dialysis vintage and Kt/V. Stepwise selection found HSD was a statistically significant determinant
of higher serum albumin levels. Mean albumin was 38.07 ± 3.96 g/L in HSD <240 min group compared to
40.50 ± 2.83g/L in HSD ≥240 min group which was statistically significant (p < 0.05).

Table 2 shows the results of the correlations and multiple linear regression model.
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 Correlation Multivariable Linear Regression (R2 = 23.77%)

Variable r P value R2 (%) S b P value

Age (years) -0.258 0.055 6.64 15.50 -0.947 0.081

HSD (min) 0.353 0.008 12.49 19.247 0.988 0.047

IDWG (Kg) 0.179 0.187 3.20 1.00958   

IDWG% 0.082 0.549 0.67 1.48   

UF (L) 0.069 0.614 0.47 0.72   

UFR( ml/h/kg) -0.186 0.169 3.48 2.77 -0.889 0.086

Dialysis Vinatage (months) 0.086 0.529 0.74 22.34 0.649 0.173

KT/V 0.043 0.754 0.18 0.136   

 

TABLE 2: Correlations and multiple linear regression model
r: correlation coefficient, S: standard error of the regression, b: standardized regression coefficient, HSD: hemodialysis session duration, IDWG:
interdialytic weight gain, UF: ultrafiltration, UFR: ultrafiltration rate, K: dialyzer clearance of urea, T: dialysis time, V: volume of urea distribution

Discussion
The results demonstrate an association with increasing HSD and higher pre-dialysis serum albumin levels.
Subgroup analysis found HSD ≥240 min group had a significantly higher mean serum albumin levels
compared to HSD <240 min. These findings suggest dialysis adequacy achieved via longer HSD may provide
mortality benefits when using serum albumin as a surrogate marker. No significant association of UFR and
IDWG% with albumin was observed in this cross-sectional analysis.

In large observational studies, strongest association with reduced mortality was seen in groups having serum
albumin ≥ 40g/L [7,11]. Lower serum albumin levels have also been associated with peripheral vascular
disease, chronic obstructive pulmonary disease, cancer and patients using temporary catheters [12]. Serum
albumin level <40 g/L is a strong predictor of all-cause mortality in HD patients, representing poor nutrition
and inflammation [7-11].

HSD has an important role in dialysis patient survival, which is highlighted by the Tassin experience in
France. The dialysis unit in Tassin utilized HSD of ≥480 min, three times per week, in a majority of its
patients; approximately 95% of the patient cohort achieved normal blood pressure without antihypertensive
medication and had significantly lower mortality and morbidity compared to the data from the United States
renal data system [13]. Large observational studies have consistently demonstrated a reduction in all-cause
mortality with longer HSD (≥240 min) [4,14-16]. Data from the Dialysis Outcomes and Practice Patterns
Study (DOPPS) showed a reduction of 7% in relative risk of mortality for every 30-min additional HSD with
lower pre- and post-dialysis systolic blood pressure, greater intradialytic weight loss, higher hemoglobin (for
the same erythropoietin dose), serum albumin, potassium and lower serum phosphorus levels and white
blood cell counts [4,15]. Longer HSD ≥240 min demonstrated decreased all-cause mortality when compared
to HSD <240 min independent of body weight [16].

Our patient data indicated 46.43% patients achieved HSD ≥240 min with an overall mean of 220 ± 20.39 min.
A significant correlation (r = 0.353; p < 0.05) between increasing HSD and higher pre-dialysis serum albumin
was observed. This effect could be due to the efficient clearance of uremic toxins with longer HSD, thus
improving the inflammatory state of the HD patients. The more effective removal of uremic toxins may also
improve appetite, leading to an improved nutritional state demonstrated by higher albumin levels. 

Observational data from landmark studies, HEMO and DOPPS, found a significant association of UFR >10
ml/h/kg and all-cause mortality [15,17]. One observational study demonstrated higher all-cause mortality at
UFR >12.37 ml/h/kg [18]. The largest observational study to date involving 118,294 chronic HD patients
adjusted to body weight, body mass index (BMI) and body surface area (BSA) showed a UFR >10 ml/h/kg was
associated with increased all-cause mortality [5].

A UFR >10 ml/h/kg was prevalent in only 16.90% of our patient cohort with an overall mean of 7.88 ml/h/kg
±2.73. This may be the reason that no independent correlation with serum albumin levels could be
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established in our relatively small patient cohort. It is also plausible that UFR has no association with
albumin, and the increased mortality observed with high UFR is primarily due to the physiological stress on
the myocardium. 

Data regarding IDWG% has been associated with better nutrition but increased mortality in dialysis
patients, thus leading to a divided opinion on its management [19-23]. Recent, larger and more robust
studies have demonstrated a steady association with high IDWG% (or IDWG > 3 kg) ≥4 and increased
mortality and hospitalization, independent of UFR and HSD [6,19,20,24]. One explanation to reconcile these
relatively opposing observations is the cohort study consisting of more than 50,000 HD patients from 25
countries which showed a steady decline in IDWG% most significant at approximately 20 weeks prior to
death; however, patients who survived (more than four years on dialysis) had a relatively stable mean
IDWG% between 2.5% and 3.5% (European population) [25].

IDWG% ≥4 was observed in 13.60% of the patients in our cohort with a mean of 2.74 ± 1.44%. There is
reasonable observational data to suggest high IDWG% ≥4 is harmful to patients leading to larger volume
shifts during dialysis [6,19,20,24]. Small sample size and the majority of the patients achieving IDWG% <4
could have resulted in no significant association being established with serum albumin.

This study has several limitations that need to be considered when interpreting the present results. The
resulting sample size is relatively small, and thus, any correlation that may exist in a larger cohort could not
be demonstrated. The data collected for the study were from a hospital-based electronic system and all
measurements have been taken previously; therefore, we have no control over the data measurement
quality, accuracy and the completeness of data. To minimize any error in the data extraction, we used a
standardized form. Data from our cohort did not include other inflammatory markers like C-reactive protein,
and thus we could not determine its influence on the outcome observed. As with many observational studies,
we cannot exclude the possibility of residual confounding due to unknown or unmeasured measured factors.
To our knowledge, this is the first study to report the potential beneficial effects of longer HSD on a dialysis
population in the Republic of Ireland. This study further asserts the notion of mortality benefits with a
longer dialysis time.

Conclusions
In conclusion, longer HSD has a cross-sectional association with higher pre-dialysis serum albumin levels.
Patients having HSD ≥240 min demonstrated the highest levels of serum albumin. Our study suggests longer
HSD may improve mortality in the dialysis population. There are many factors that influence shorter HSD,
such as patient preference, tolerance and a shortage of nursing staff. Patients need to be counseled
regarding the advantages of longer HSD. HSD ≥240 min is achievable in most dialysis units in the Republic of
Ireland and certainly, the trend needs to be towards it.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.

Acknowledgements
Regional dialysis unit, county Galway.

References
1. Foundation NK: KDOQI clinical practice guideline for hemodialysis adequacy: 2015 update . Am J Kidney Dis.

2015, 66:884-930. 10.1053/j.ajkd.2015.07.015
2. Eknoyan G, Beck GJ, Cheung AK, et al.: Effect of dialysis dose and membrane flux in maintenance

hemodialysis. N Engl J Med. 2002, 347:2010-2019. 10.1056/NEJMoa021583
3. Collins AJ, Foley RN, Herzog C, et al.: Excerpts from the US renal data system 2009 annual data report . Am J

Kidney Dis. 2010, 55:1-420. 10.1053/j.ajkd.2009.10.009
4. Tentori F, Zhang J, Li Y, et al.: Longer dialysis session length is associated with better intermediate

outcomes and survival among patients on in-center three times per week hemodialysis: results from the
Dialysis Outcomes and Practice Patterns Study (DOPPS). Nephrol Dial Transplant. 2012, 27:4180-4188.
10.1093/ndt/gfs021

5. Assimon MM, Wenger JB, Wang L, Flythe JE: Ultrafiltration rate and mortality in maintenance hemodialysis
patients. Am J Kidney Dis. 2016, 68:911-922. 10.1053/j.ajkd.2016.06.020

6. Lee MJ, Doh FM, Kim CH, et al.: Interdialytic weight gain and cardiovascular outcome in incident

2018 Rafi Ahmed et al. Cureus 10(12): e3794. DOI 10.7759/cureus.3794 5 of 6

https://dx.doi.org/10.1053/j.ajkd.2015.07.015
https://dx.doi.org/10.1053/j.ajkd.2015.07.015
https://dx.doi.org/10.1056/NEJMoa021583
https://dx.doi.org/10.1056/NEJMoa021583
https://dx.doi.org/10.1053/j.ajkd.2009.10.009
https://dx.doi.org/10.1053/j.ajkd.2009.10.009
https://dx.doi.org/10.1093/ndt/gfs021
https://dx.doi.org/10.1093/ndt/gfs021
https://dx.doi.org/10.1053/j.ajkd.2016.06.020
https://dx.doi.org/10.1053/j.ajkd.2016.06.020
https://dx.doi.org/10.1159/000362743


hemodialysis patients. Am J Nephrol. 2014, 39:427-435. 10.1159/000362743
7. Chen JB, Cheng BC, Yang CH, Hua MS: An association between time-varying serum albumin level and the

mortality rate in maintenance haemodialysis patients: a five-year clinical cohort study. BMC Nephrol. 2016,
17:117. 10.1186/s12882-016-0332-5

8. Owen WF, Lew NL, Liu Y, Lowrie EG, Lazarus JM: The urea reduction ratio and serum albumin concentration
as predictors of mortality in patients undergoing hemodialysis. N Engl J Med. 1993, 329:1001-1006.
10.1056/NEJM199309303291404

9. Cooper BA, Penne EL, Bartlett LH, Pollock CA: Protein malnutrition and hypoalbuminemia as predictors of
vascular events and mortality in ESRD. Am J Kidney Dis. 2004, 43:61-66. 10.1053/j.ajkd.2003.08.045

10. Pifer TB, McCullough KP, Port FK, Goodkin DA, Maroni BJ, Held PJ, Young EW: Mortality risk in
hemodialysis patients and changes in nutritional indicators: DOPPS. Kidney Int. 2002, 62:2238-2245.
10.1046/j.1523-1755.2002.00658.x

11. Tentori F, Hunt WC, Rohrscheib M, et al.: Which targets in clinical practice guidelines are associated with
improved survival in a large dialysis organization?. J Am Soc Nephrol. 2007, 18:2377-2384.
10.1681/ASN.2006111250

12. Leavey SF, Strawderman RL, Young EW, et al.: Cross-sectional and longitudinal predictors of serum albumin
in hemodialysis patients. Kidney Int. 2000, 58:2119-2128. 10.1111/j.1523-1755.2000.00385.x

13. Charra B, Terrat JC, Vanel T, Chazot C, Jean G, Hurot JM, Lorriaux C: Long thrice weekly hemodialysis: the
Tassin experience. Int J Artif Organs. 2004, 27:265-283. 10.1177/039139880402700403

14. Marshall MR, Byrne BG, Kerr PG, McDonald SP: Associations of hemodialysis dose and session length with
mortality risk in Australian and New Zealand patients. Kidney Int. 2006, 69:1229-1236.
10.1038/sj.ki.5000188

15. Saran R, Bragg-Gresham JL, Levin NW, et al.: Longer treatment time and slower ultrafiltration in
hemodialysis: associations with reduced mortality in the DOPPS. Kidney Int. 2006, 69:1222-1228.
10.1038/sj.ki.5000186

16. Flythe JE, Curhan GC, Brunelli SM: Shorter length dialysis sessions are associated with increased mortality,
independent of body weight. Kidney Int. 2013, 83:104-113. 10.1038/ki.2012.346

17. Flythe JE, Kimmel SE, Brunelli SM: Rapid fluid removal during dialysis is associated with cardiovascular
morbidity and mortality. Kidney Int. 2011, 79:250-257. 10.1038/ki.2010.383

18. Movilli E, Gaggia P, Zubani R, et al.: Association between high ultrafiltration rates and mortality in uraemic
patients on regular haemodialysis. A 5-year prospective observational multicentre study. Nephrol Dial
Transplant. 2007, 22:3547-3552. 10.1093/ndt/gfm466

19. Flythe JE, Curhan GC, Brunelli SM: Disentangling the ultrafiltration rate-mortality association: the
respective roles of session length and weight gain. Clin J Am Soc Nephrol. 2013, 8:1151-1161.
10.2215/CJN.09460912

20. Wong MM, McCullough KP, Bieber BA, et al.: Interdialytic weight gain: trends, predictors, and associated
outcomes in the international Dialysis Outcomes and Practice Patterns Study (DOPPS). Am J Kidney Dis.
2017, 69:367-379. 10.1053/j.ajkd.2016.08.030

21. Testa A, Beaud JM: The other side of the coin: interdialytic weight gain as an index of good nutrition . Am J
Kidney Dis. 1998, 31:830-834. 10.1016/S0272-6386(98)70052-6

22. López-Gómez JM, Villaverde M, Jofre R, Rodriguez-Benítez P, Pérez-García R: Interdialytic weight gain as a
marker of blood pressure, nutrition, and survival in hemodialysis patients. Kidney Int Suppl. 2005:63-68.
10.1111/j.1523-1755.2005.09314.x

23. Sezer S, Ozdemir FN, Arat Z, Perim O, Turan M, Haberal M: The association of interdialytic weight gain
with nutritional parameters and mortality risk in hemodialysis patients. Ren Fail. 2002, 24:37-48.
10.1081/JDI-120002659

24. Kalantar-Zadeh K, Regidor DL, Kovesdy CP, Wyck DV, Bunnapradist S, Horwich TB, Fonarow GC: Fluid
retention is associated with cardiovascular mortality in patients undergoing long-term hemodialysis.
Circulation. 2009, 119:671-679. 10.1161/CIRCULATIONAHA.108.807362

25. Usvyat LA, Barth C, Bayh I, et al.: Interdialytic weight gain, systolic blood pressure, serum albumin, and C-
reactive protein levels change in chronic dialysis patients prior to death. Kidney Int. 2013, 84:149-157.
10.1038/ki.2013.73

2018 Rafi Ahmed et al. Cureus 10(12): e3794. DOI 10.7759/cureus.3794 6 of 6

https://dx.doi.org/10.1159/000362743
https://dx.doi.org/10.1186/s12882-016-0332-5
https://dx.doi.org/10.1186/s12882-016-0332-5
https://dx.doi.org/10.1056/NEJM199309303291404
https://dx.doi.org/10.1056/NEJM199309303291404
https://dx.doi.org/10.1053/j.ajkd.2003.08.045
https://dx.doi.org/10.1053/j.ajkd.2003.08.045
https://dx.doi.org/10.1046/j.1523-1755.2002.00658.x
https://dx.doi.org/10.1046/j.1523-1755.2002.00658.x
https://dx.doi.org/10.1681/ASN.2006111250
https://dx.doi.org/10.1681/ASN.2006111250
https://dx.doi.org/10.1111/j.1523-1755.2000.00385.x
https://dx.doi.org/10.1111/j.1523-1755.2000.00385.x
https://dx.doi.org/10.1177/039139880402700403
https://dx.doi.org/10.1177/039139880402700403
https://dx.doi.org/10.1038/sj.ki.5000188
https://dx.doi.org/10.1038/sj.ki.5000188
https://dx.doi.org/10.1038/sj.ki.5000186
https://dx.doi.org/10.1038/sj.ki.5000186
https://dx.doi.org/10.1038/ki.2012.346
https://dx.doi.org/10.1038/ki.2012.346
https://dx.doi.org/10.1038/ki.2010.383
https://dx.doi.org/10.1038/ki.2010.383
https://dx.doi.org/10.1093/ndt/gfm466
https://dx.doi.org/10.1093/ndt/gfm466
https://dx.doi.org/10.2215/CJN.09460912
https://dx.doi.org/10.2215/CJN.09460912
https://dx.doi.org/10.1053/j.ajkd.2016.08.030
https://dx.doi.org/10.1053/j.ajkd.2016.08.030
https://dx.doi.org/10.1016/S0272-6386(98)70052-6
https://dx.doi.org/10.1016/S0272-6386(98)70052-6
https://dx.doi.org/10.1111/j.1523-1755.2005.09314.x
https://dx.doi.org/10.1111/j.1523-1755.2005.09314.x
https://dx.doi.org/10.1081/JDI-120002659
https://dx.doi.org/10.1081/JDI-120002659
https://dx.doi.org/10.1161/CIRCULATIONAHA.108.807362
https://dx.doi.org/10.1161/CIRCULATIONAHA.108.807362
https://dx.doi.org/10.1038/ki.2013.73
https://dx.doi.org/10.1038/ki.2013.73

	Hemodialysis Session Duration, Ultrafiltration Rate, Interdialytic Weight Gain and their Association with Albumin in Patients on Intermittent Hemodialysis in a Regional Dialysis Unit: A Cross-sectional Study
	Abstract
	Aim
	Method
	Results
	Conclusion

	Introduction
	Materials And Methods
	Results
	Patient characteristics
	TABLE 1: Baseline characteristics

	Clinical outcome
	TABLE 2: Correlations and multiple linear regression model


	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


