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Abstract 

 

Background/Aims: Three-day-a-week chronic hemodialysis (cHD) involves one long (72hr) 

and two short (48hr) inter-dialytic periods (IDPs). We aimed to determine whether BP control 

following the long IDP is inferior to the short IDPs. Methods: All pre- and post-dialysis BP 

and weight measurements over a 4-week period were retrospectively analyzed among 135 

clinically-stable cHD patients at two academic centres with comparisons between 

measurements recorded following short and long IDPs. Subsequently, 23 clinically-stable cHD 

patients underwent 24-hour ambulatory BP monitoring (ABPM) during the final day/night 

cycle of the long IDP and one short IDP within the same week. Results: In combined and 

separate analyses of the two retrospective cohorts, pre-dialysis BP parameters were not 

different following long and short IDPs despite greater inter-dialytic weight gain (IDWG) 

during the long IDP. Subgroup analyses of the total cohort showed no evidence for inferior BP 

control during the long IDP among those with high %IDWG. In the ABPM study, masked 

hypertension, nocturnal hypertension and loss of nocturnal dipping were frequent. 

Furthermore, daytime systolic BP and pulse pressure were modestly higher during the last 

day/night cycle of the long compared with short IDP. Conclusion: In stable cHD patients, the 

greater IDWG that occurred during the long IDP was not associated with overtly inferior BP 

control as reflected in pre-dialysis BP measurements. However, modestly higher daytime 

systolic BP was evident toward the end of the long IDP by 24 hour ABPM. Thus, while fluid 

gain has well-documented associations with hypertension and adverse cardiovascular 

outcomes, the excess IDWG that occurs during the long IDP exerts relatively minor effects on 

BP control in patients on well-established dialysis regimens that are better identified by 

ambulatory monitoring.
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Introduction                    

Hypertension is highly prevalent in chronic kidney disease (CKD) and end-stage renal disease 

(ESRD) and continues to have a significant impact on morbidity and mortality following 

initiation of renal replacement therapy.[1] However, the relationship between BP and risk of 

cardiovascular (CV) death in CKD and ESRD may be more complex than in the general 

population, with evidence of higher mortality rates among those at the lower and higher ends 

of the BP spectrum [1-3]. The relationship between BP and mortality in chronic hemodialysis 

(cHD) patients may also evolve with time on dialysis [3]. Nonetheless, randomized trials have 

reported lower rates of mortality and major adverse cardiovascular events (MACE) in cHD 

patients who achieve BP reduction with various antihypertensive regimens [4,5].  

Evaluation of BP control in cHD patients is highly challenging. Differences in BP 

measurements performed before, after and between dialysis sessions make clinical 

management problematic [6,7]. The specific role of fluid volume excess in dictating BP control 

and CVD risk among cHD patients remains incompletely understood. It has been reported to 

contribute to the risk for arrhythmias and left ventricular hypertrophy (LVH) [8] and, therefore, 

proper dry weight assessment and adjustment as well as provision of extra dialysis sessions 

when necessary to achieve the targeted dry weight are common practices. In keeping with this, 

several observational and interventional studies have demonstrated direct correlations between 

fluid volume status [as reflected by inter-dialytic weight gain (IDWG)] and BP among cohorts 

of cHD patients as well as improved BP control with increased ultrafiltration [9-11]. However, 

others have reported more variable findings. For example, in a cohort of 442 subjects followed 

for 6 months, Inrig et al. observed that, while there was a general association between %IDWG 

and pre-dialysis systolic (SBP) and diastolic BP (DBP), this relationship was modest in 

magnitude and was attenuated in those with diabetes as a cause for ESRD and in older subjects 

[12]. López-Gómez et al. reported %IDWG to be associated with higher pre-dialysis SBP but 
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also with improved 5-year survival [13]. Other observational studies found no correlation 

between BP and IDWG and suggested the presence of other co-factors contributing to BP 

control in cHD patients [14,15]. Furthermore, Leypoldt et al., in a sub-analysis of the HEMO 

study, observed that pre-dialysis SBP and DBP were differentially influenced by the magnitude 

of reductions in total body weight and % plasma volume during dialysis, illustrating the 

complexity of evaluating pressure-volume relationships in cHD populations [16].  

Further adding to this complexity, the large majority of cHD patients are managed by a three-

day-a-week regimen resulting in two short (approximately 48 hours) and one long 

(approximately 72 hours) inter-dialytic time-periods (IDP) with consequent variability in 

IDWG. As peri-dialytic mortality among cHD patients has been reported to be higher following 

the long IDP [17], it is important that the potential cardiovascular effects of excess fluid gain 

during the long IDP be fully understood. In this regard, Santos et al, studied BP trends during 

short and long IDPs in 71 cHD patients by 44-hour arterial blood pressure monitoring (ABPM) 

and reported that BP tended to rise during the long IDP but with no correlation between BP 

and IDWG [18]. In a larger study involving over 4000 patients, Kuipers et al. reported that 

nurse-measured pre- and post-dialysis SBP and DBP were higher following the long IDP 

compared to the short IDPs with weight and ultrafiltration following similar patterns [19]. 

Factors which may complicate the application of these reports to clinical practice include 

variability in the level of stability of the dialysis/ultrafiltration prescription, the health status 

and the anti-hypertensive management among cHD patients studied.  

In this study, our primary goal was to retrospectively determine the relationships among IDP 

duration, BP parameters and fluid volume status in well-characterized cohorts of clinically-

stable cHD patients at three in-center HD units in Western Europe. We hypothesized that 

increased fluid weight gain during the long IDP results in inferior BP control even under stable 

clinical conditions.  Subsequently, we conducted a separate ambulatory study involving a small 
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group of stable cHD patients from one of the centers to determine whether observations made 

by ABPM were consistent with those made by nurse-measured pre-dialysis BP.      
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Methods 

Retrospective Study Cohorts and Data Collection 

The study consisted of a retrospective review of the medical charts and the electronic medical 

records of medically-stable cHD patients at two centres in the West of Ireland (Cohort 1, n = 

81) and one centre in the East of Ireland (Cohort 2, n = 54). The centres from which Cohort 1 

was derived, Merlin Park University Hospital (MPUH) in Galway, County Galway and Mayo 

General Hospital (MGH) in Castlebar, County Mayo, are managed by the same nephrology 

practice. Cohort 2 was derived from the Mater University Hospital (MUH), Dublin with 

management by a separate nephrology practice. Ethical approval was received prior to the 

initiation of the studies from the Clinical Research Ethics Committee of Galway University 

Hospitals (Cohort 1) and the Clinical Research Ethics Committee of MUH (Cohort 2). The 

electronic record systems utilised for data extraction were Kidney Disease Clinical Patient 

Management System/eMEDRenal (Cohort 1) and FINESSE Dialysis Data Acquisition and 

Management System (Cohort 2). For Cohort 2, additional details were extracted from paper-

based medical charts. 

Measurements of BP were performed by dialysis nurses according to standard practice 

protocols before, during and after each dialysis treatment using regularly-calibrated, automated 

arm-cuff monitors incorporated into the dialysis machine. Pre- and post-dialysis BP 

measurements were entered into the electronic medical record of each patient upon completion 

of the dialysis session. Patients were consistently assigned to the same dialysis machine. 

Initially, all patients undergoing cHD during the observation periods were identified and their 

medical records were reviewed to determine whether they met the following inclusion criteria: 

1. Receiving three-times-a-week cHD for at least 3 months prior to the 4-week observation 

period. 2. Age 18 years. 3. Pre- and post-dialysis BP measured routinely on the left or right 

arm by an automated cuff. 4. Not admitted to hospital during the 30 day periods before and 

after the 4-week observation period. 5. Not known to have a condition associated with life 
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expectancy less than 3 months. For Cohort 1, the 4-week observation period from which data 

were collected was May 1st to 31st 2012, the observation period was from August 1st to 31st 

2015 for Cohort 2. 

All patients meeting these criteria were included in the study and a detailed review of their 

medical records was performed. Abstracted indices included patient demographics (date of 

birth, gender, ethnicity), clinical characteristics [cause of ESRD (if known); presence of 

hypertension, diabetes mellitus (DM) or cardiovascular disease (CVD); vascular procedures], 

dialysis-specific indices [date of dialysis start, dialysis access type, dialysis-related 

complications, dialysis schedule (Schedule1 = Monday/Wednesday/Friday or Schedule 2 = 

Tuesday/Thursday/Sunday)], anti-hypertensive medications prescribed (number and class), 

erythropoietin stimulating agent prescribed (type, frequency and dose) and, when available, 

echocardiography results related to left ventricular structure and function. For each dialysis 

session during the study period, the following study-specific indices were recorded: (a) 

Dialysis duration, (b) Dialysis nurse-recorded pre- and post-dialysis systolic BP (SBP) and 

diastolic BP (DBP), (c) Pre- and post-dialysis weight, (d) Urea reduction ratio (URR). Based 

on the SBP and DBP readings, mean arterial pressure (MAP, defined as DBP+1/3(SBP-DBP) 

and pulse pressure (PP, defined as SBP-DBP) were calculated. Based on the sequential post-

dialysis and pre-dialysis weights, inter-dialytic weight gains (IDWG) were calculated both as 

absolute values and as proportions or the relevant post-dialysis weights. Thus, for each subject, 

data were recorded from a total of 12 individual dialysis sessions: 4 each following the long 

IDP (Mondays or Sundays), the first short IDP (Wednesdays or Tuesdays) and the second short 

IDP (Fridays or Thursdays).  

Ambulatory Study Cohort and Data Collection 

Using the same inclusion criteria described for the retrospective study, we subsequently 

conducted a pilot study at MPUH and MGH to prospectively investigate BP behaviour outside 

the dialysis unit using 24 hours arterial blood pressure monitoring (ABPM). Twenty four hour 
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ABPM recordings were made using A&D Instruments and Meditech monitors at MPUH and a 

Spacelabs Healthcare monitor at MGH. The monitors used share the same basic characteristics 

and provide similarly formatted reports in terms of the number and average of total, daytime 

and night time BP readings, the pulse rate and metrics regarding BP dipping at night time. The 

two ABPMs performed by each subject were recorded on the same instrument. Monitors were 

programmed to provide BP readings every 30 minutes during the daytime and every 1-hour 

during the night time. Patients were enrolled by informed consent by a protocol approved by 

the Clinical Research Ethics Committee of Galway University Hospitals and each study 

participant was instructed and then observed in starting and terminating the monitor and in 

changing the battery if needed. Participants were then instructed to start the monitor during the 

final full day/night cycle of the long IDP and one of the short IDPs within the same week. Thus, 

regardless of timing of the dialysis therapy, the 24 hours captured included the latest full 

daytime and night-time readings during the IDP tested. The participants returned the monitors 

for analysis to the dialysis unit after the interval in question. Relevant medical details were 

abstracted from the subjects’ electronic medical records. Definitions used for ABPM analyses 

were as follows: Adequacy: Based on the European Society of Hypertension guidelines [25]; 

the ABPM record was considered to be adequate for interpretation if there were at least 14 

readings captured during the day and 7 during the night. Daytime period: The time at which 

the subject woke from sleep and started his/her daily activities until the time he/she retired to 

bed. Night-time period: The time the subject retired to bed until the time he/she awoke the next 

morning. Nocturnal hypertension: Average BP > 120/80 mm Hg during the night time. Dipper: 

Average night time SBP ≥ 10% lower than the average daytime SBP. Non-dipper: Average 

night-time SBP that was < 10% lower the average daytime SBP. Reverse dipper: Average 

night-time SBP that was < 0% lower than the average daytime SBP. Extreme dipper: Average 

night-time SBP that was >20% lower than the average daytime SBP.  
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Data Analysis 

Recorded data were collated using proprietary software and were downloaded to a Microsoft 

Excel (Microsoft Inc., Seattle WA, USA) spreadsheet for analysis. Clinical characteristics and 

numerical indices were initially analysed using descriptive statistics and were expressed as 

proportions, mean ± standard deviation (SD) or median [range] as appropriate. Indices were 

compared between and among groups by paired or unpaired Student’s t tests, ANOVA (with 

Tukey’s multiple comparison analysis where appropriate) and Pearson correlation analysis as 

appropriate using GraphPad Prism® version 7.0 (GraphPad Software, Inc., La Jolla CA, USA). 

For analyses to compare repeated measures of BP parameters and IDWG for long and short 

IDPs, one-way repeated measures ANOVAs were conducted using the General Linear Model 

within the Statistical Package for the Social Sciences (SPSS) version 24.0 for Mac (IBM Inc., 

Chicago, IL, USA). The IDP was treated as the independent variable in repeated measures 

analyses. All analyses were checked to determine if they satisfied the assumption of sphericity. 

For the retrospective cohort, there were 3 levels to the IDP (long IDP, short IDP1, and short 

IDP2). Sphericity was assumed when Mauchly’s test was non-significant (p > 0.05). A 

correction for sphericity was applied when Mauchly’s test was significant (p < 0.05): the 

Huynh-Feldt correction when estimated sphericity was > 0.75 and the Greenhouse-Geisser 

correction when estimated sphericity was < 0.75. P-values corresponding to the estimated 

sphericity correction are reported for the retrospective cohort. For the ambulatory cohort data, 

there were 2 levels to the IDP (long IDP and short IDP); therefore, sphericity was assumed for 

these analyses. A Bonferroni correction was used to adjust the 95% confidence intervals of 

mean BP differences between the long and short IDP for the ambulatory cohort. For all 

analyses, statistical significance was defined as p < 0.05. 
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Results 

Clinical Characteristics of the Retrospective Cohorts: Basic characteristics of the two 

retrospective cohorts are summarized in Table 1. As shown, for Cohort 1, the average age was 

64.0 ± 17.5 years and 45 (55%) were male. The large majority was Caucasian in keeping with 

population characteristics in Ireland. The average time on dialysis was 4.0 ± 3.4 years. Thirty-

five subjects (43%) had a history of CVD and 30 subjects (37%) had diabetes mellitus (DM), 

the majority of whom had type 2 DM. Regarding causes of ESRD, DM was the most frequently 

documented aetiology (21%) while 26% were of unknown aetiology. A larger proportion of 

the cohort (56%) was on cHD Schedule 1 compared to Schedule 2. Sixty-three subjects (78%) 

were treated for hypertension and were prescribed an average of 1.6 anti-hypertensive 

medications. This anti-hypertensive therapy profile is consistent with previously reported 

observational studies of ESRD patients [24]. The three most commonly prescribed classes of 

anti-hypertensive agent were calcium channel blockers (CCB), beta-blockers and renin 

angiotensin system blockers [angiotensin converting enzyme inhibitor (ACEi) or angiotensin 

receptor blocker (ARB)]. Of the 54 subjects with available echocardiogram reports, 85% had 

documented LVH and 10 (18.5%) had reduced left ventricular function (defined as left 

ventricular ejection fraction of less than 50%). Cohort 2 included 54 patients in total. The main 

notable differences from Cohort 1 were older age (70.0 ± 12.0 years (p = 0.03), higher 

proportion receiving anti-hypertensive therapy (94%, p = 0.009) and lower proportion with 

LVH when echocardiogram report was available (37%, p = 0.01). Proportions with dialysis 

access by arteriovenous fistula were similar for the two cohorts (58% and 55% respectively). 

As the two cohorts were selected by the same inclusion and exclusion criteria and were 

generally comparable, primary analyses were subsequently performed on the combined cohort 

of 135 subjects. 
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Blood Pressure Indices and IDWG Following Long and Short Inter-Dialytic Periods: Pre-

dialysis BP indices following the long and short IDPs were compared for the combined 

retrospective cohort using repeated measures analysis involving a total of 571 individual 

measurements (Table 2). As shown, average pre-dialysis SBP was numerically 2 mmHg higher 

following the long compared to the short IDPs, but the results were statistically non-significant. 

Other BP parameters (DBP, MAP and PP) were no more than 1 mm Hg higher following the 

long IDP and also not significantly different. In contrast, and as expected, IDWG (whether 

expressed as absolute or proportionate weight increase) was significantly greater following the 

long IDP compared to the two short IDPs in the combined cohort analyses. Separate analyses 

of the two cohorts provided similar findings (Supplemental Tables S1 and S2). Overall, the 

analyses indicated clinically acceptable BP indices among the subjects [26], consistent with 

the intention to study stable cHD patients. Based on these results, it was concluded that, for 

this cohort of established, clinically stable cHD patients, pre-dialysis nurse-measured BP 

control was not overtly different following the long-IDP compared to the short IDPs despite 

greater IDWG. 

 

Relationships Between BP Indices and IDWG Following Long and Short Inter-Dialytic 

Periods: To explore the relationships between BP indices and IDWG and to determine if there 

was an influence of the IDP duration on such relationships, a correlative analysis was 

performed using relevant average values from the combined cohort (Table 3). For this analysis, 

BP indices were correlated with IDWG expressed as a percent of the post-dialysis weight 

(%IDWG). No significant correlation was present between any of the pre-dialysis BP indices 

and %IDWG following the long IDP. Of potential interest, there were statistically significant 

correlations between pre-dialysis DBP/MAP and %IDWG following the two short IDPs but 

the r values (0.2 or 0.1) indicated that little of the variability in these indices was explained by 
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variability in %IDWG. Analyses performed using absolute IDWG also failed to show 

significant correlations between BP indices and amount of fluid gain following the long IDP 

(data not shown). 

We next asked whether the lack of overall BP/IDWG correlations following the long IDP might 

mask the presence of significant inter-relationships at the extremes of inter-dialytic fluid gain. 

To address this question, an analysis was performed in which the combined cohort of 135 

subjects was divided into three subgroups based on %IDWG (high, medium and low) following 

the long IDP alone (Table 4). A cut-off of 3.5% was used to define high %IDWG as this had 

previously reported to contribute to the increased risk of adverse outcomes among cHD patients 

[19-21]. This subdivision resulted in subgroups with average %IDWGs of 4.5 ± 0.8% (High, n 

= 48), 2.7 ± 0.4% (Medium, n = 52) and 1.1 ± 0.7% (Low, n = 35). Regarding demographic 

and clinical characteristics, the High %IDWG group was younger with a higher proportion of 

males and a higher likelihood of having dialysis access by AVF compared to the Medium and 

Low %IDWG groups. In contrast, average time on dialysis, proportion treated for hypertension, 

number and types of anti-hypertensive agents and frequency of documented CV disease were 

similar among the three groups. Strikingly, the average SBP, DBP, MAP and PP were also 

closely comparable among those with High, Medium and Low %IDWG. We concluded that, 

for this combined cohort of clinically stable cHD patients from 3 dialysis units, there was no 

evidence that a subgroup of “high weight gain” patients in whom BP control was adversely 

effected by the long IDP.  

 

Clinical Characteristics, BP Indices and IDWG of the Ambulatory Cohort: The clinical 

characteristics of 23 stable cHD patients who consented to perform 24 hour ABPM recordings 

during the final full day/night cycle of one short and the long IDP during a single week and 

subsequently completed adequate recordings for both periods are summarized in Table 1. Of 

note, time on dialysis was lower than for the retrospective cohorts (1.7 ± 2.0 years). However, 
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16 (70%) were receiving anti-hypertensive therapy and 17 (74%) had documented LVH on 

recent echocardiograms while 3 (13%) had EF < 50%.  

The results of analyses of ABPM data along with the mean values for IDWG during the specific 

long and short IDPs during which the study participants performed monitoring are summarized 

in Table 5. As shown, for SBP and PP, there were approximate 2 mm Hg differences between 

averaged readings for long and short IDPs over the full 24 hour monitoring periods. These 

differences approached (SBP, p = 0.055) and reached (PP, p = 0.01) statistical significance 

respectively by repeated measures ANOVA. When the BP indices were analyzed separately 

for day- and night-time, higher SBP and PP were observed for daytime only. Furthermore, 

during the daytime, MAP also demonstrated an approximate 2 mm Hg higher value for the 

final day/night cycle of the long compared to short IDP. There was an expected difference in 

IDWG of approximately 0.8 kg between the long and short IDPs studied.      

In regard to the frequency of adverse nocturnal BP patterns, 16 patients (69%) had nocturnal 

hypertension in the long IDP compared to 15 (65%) in the short IDP. The proportions that met 

the definition of “dipper” and “non-dipper” were the same during the long and short IDP (43% 

dipper, 56% non-dipper). Among those defined as non-dipper, 39% and 34% met the definition 

of “reverse dipper” during long and short IDPs respectively. Thus, in the cHD patients studied, 

modest but significant differences were present in SBP profiles during the final full day/night 

cycle of the long and short IDPs that were primarily confined to the daytime and also resulted 

in higher daytime PP and MAP during the long IDP. Ambulatory DBP during the total 24 hour 

period and nocturnal BP profiles were not different between long and short IDPs.  

Taken with the results of the retrospective study, these findings indicate that: (a) In clinically-

stable cHD patients with inter-dialytic fluid gains < 3.5 kg, the excess IDWG that occurs during 

the long IDP exerts only minor effects on BP control that are primarily restricted to the daytime. 

(b) Such differences are better identified by ABPM than by pre-dialysis, nurse-measured BP.  
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Discussion 

 

 

In the study described here, we provide new insights into the influence of IDP duration on BP 

profiles and into the relationships between BP parameters and weight gain in established, 

clinically stable cHD patients from Western Europe. In a retrospective analyses based on nurse-

measured peri-dialysis BP measurements performed at two academic medical centres, we did 

not observe significantly increased pre-dialysis BP parameters after the long compared to the 

short IDPs, despite the expected presence of significantly greater weight gain after the long 

IDP. This result was somewhat unexpected given published findings from Europe and the US 

of 5.0 mm Hg and 2.5 mm Hg higher pre-dialysis SBP and DBP following long IDP.[19] 

Although our study was limited by a relatively small cohort size, it incorporated >500 

individual dialysis sessions and had >80% power to detect the magnitude of differences in SBP 

and DBP reported by Kuipers et al. Overall, our results for BP monitored by conventional, peri-

dialysis arm cuff measurements, suggest that any true differences between the long and short 

IDPs of patients with stable dialysis regimens and low-to-moderate IDWG are likely to be in 

the range of 1-2 mm Hg. It seems likely that the discrepancies between our results and those 

of Kuipers et al. represent differences in the clinical characteristics, management and 

compliance of the patient cohorts studied.  

Importantly, however, our subsequent ABPM study of similarly stable cHD patients indicated 

that BP control during the final day/night cycle of the long IDP was altered compared to that 

of the short IDPs – specifically, higher daytime SBP and PP were observed. In this case, the 

average magnitudes of the differences were 2-3 mm Hg. Thus, our results in regard to the effect 

of the long IDP on BP control may be seen as being consistent with those of other similar 

studies but also as revealing that the extent to which extra fluid gain long IDP increases BP 

during the third day of is likely to be minor in medically-stable patients on established cHD 

regimens.       
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In the retrospective analysis, we also found that there were no strong correlations between pre-

dialysis BP indices and fluid weight gain during both long and short IDPs. When the cohort 

was subdivided into those with low, medium and high %IDWG, there was no evidence that BP 

control following the long IDP was substantially worse among those with higher amounts of 

fluid gain. Previous studies have documented that hypervolemia, as reflected in IDWG, 

contributes to higher BP in patients receiving cHD [9,10,12,20]. Furthermore, large IDWG and 

shorter dialysis duration are both associated with increased adverse outcomes and mortality in 

observational studies [21,22] and reducing fluid volume excess in cHD patients has been shown 

to improve BP control [10,22]. Based on such evidence, achieving adequate dry weight control 

is, understandably, considered to be the primary method for reducing IDWG and controlling 

BP in the dialysis population [1,10,23]. Although our findings may appear counterintuitive in 

the light of these important studies, a lack of correlation between IDGW and BP has also been 

reported by others [13,18,24]. The explanation for this lack of direct correlation between excess 

fluid gain and BP parameters may reflect multiple compensatory or counteractive mechanisms 

that occur in response to fluid accumulation in stable cHD patients including predominant 

extravascular volume expansion, vaso-relaxation due to suppression of the renin angiotensin 

system and neuro-humoral responses, the long term effect of volume expansion in cardiac 

function and the common presence of diastolic dysfunction and use of -blocker therapy in 

dialysis patients [25-27]. Importantly, the cohort we studied predominantly included patients 

with relatively low inter-dialytic fluid gains – even during the long IDP (average IDWG and 

%IDWG of 2.5 kg and 3.5% respectively). Furthermore, our study is limited by lack of data on 

residual urine output/renal function. Thus, we cannot rule out a “threshold effect” by which 

fluid gains above certain levels exert more potent direct effects on inter-dialytic BP. Indeed, a 

recent analysis of DOPPS data by Wong et al. indicated that increased risk of hospitalization 

for fluid overload and mortality occured with %IDWGs of 4.0% and 5.7% respectively [22]. 
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Furthermore, our study does not address the question of whether further reducing IDWG would 

lower BP in this cohort and the results in no way suggest that dry-weight adjustment should 

not be performed in otherwise stable cHD patients with poor BP control and/or clinical 

evidence of fluid excess.  

Based on pre-dialysis measurements, we observed that BP appeared to be adequately controlled 

in these cohorts of stable cHD patients. We interpret this as indicating that the clinical 

monitoring and management of hypertension as well the compliance of the patient population 

to medication, diet and fluid regimens were generally within acceptable limits. In contrast, 

however, an ABPM study in similarly stable patients demonstrated that SBP was suboptimally 

controlled and was moderately worse during the final day of the long IDP. Furthermore, 

adverse BP profiles such as nocturnal hypertension and non-dipper/reverse-dipper patterns 

were frequent and consistent with previous studies. For example, the prevalence of nocturnal 

hypertension is reported to be as high as 80% in dialysis populations and is linked to LVH, 

cardiovascular morbidity/mortality and all-cause mortality [28-30]. Thus, our results are in 

keeping with recommendations that BP control and its consequences in cHD patients are more 

accurately evaluated by ABPM [31,32] and further suggest that recordings during the long IDP 

may represent a sensitive means to identify systolic hypertension in patients with apparent 

satisfactory control. Interestingly, Tsilonis et al., reported the results of an echocardiographic 

study of the effect of the long IDP on cardiac functional parameters. The authors demonstrated 

a significant increase in bi-atrial volumes in the long IDP compared to the two short IDPs  as 

well as increased right ventricular systolic pressure and tricuspid regurgitation maximum 

velocity. The study indicated that the most direct cardiac consequence of excess IDWG during 

the long IDP may be pulmonary circulation overload rather than LV dysfunction or 

hypertension [33]. Clearly, carefully controlled, prospective studies will be required to 

determine whether ambulatory recordings during the long IDP can be exploited to tailor fluid 



15 

 

management and anti-hypertensive therapy in established cHD patients for improved inter-

dialytic BP control and cardiovascular outcomes.     

The limitations of the studies described here must be acknowledged. As noted already, the 

numbers of patients included were relatively low and, as a result, they were not sufficiently 

powered to detect small differences in BP parameters between long and short IDPs. 

Nonetheless, as each patient was compared with himself/herself for multiple long and short 

IDPs, it was possible to benefit from the statistical power of paired and repeated measures 

analyses to meaningfully address the primary hypothesis. Indeed, the results of the 

retrospective and ABPM studies were concordant in respect to the magnitude of the differences 

observed, with the latter revealing more specific details regarding the influence of the IDP 

duration on BP profiles during the final day-night cycle prior to dialysis. The cohorts studied 

were also characterized by having low-to-moderate IDWG and, in the case of the ABPM study, 

relatively short time on dialysis. Thus, the results should not be extrapolated to cHD patients 

with consistently high levels of IDWG due to poor compliance with fluid restriction and/or 

complete anuria. Furthermore, the predominance of older, Caucasian subjects in our study 

precludes the generalisation of the results to younger cHD patients and to dialysis practices 

serving more ethnically diverse populations. Finally, medical records did not include 

information regarding compliance to anti-hypertensive medications or quantitative measures 

of blood vessel function such as arterial stiffness and vascular reactivity that could influence 

the relationship between IDWG and inter-dialytic BP patterns [34,35]. Thus we are unable to 

determine whether the minor elevations in daytime SBP and PP observed by ABPM during the 

long IDP were associated with adverse CV health. Despite these limitations, we believe that 

our findings highlight the complexity of relationships between BP, fluid gain and other clinical 

factors in cHD patients as well as the current poor understanding of the degree to which the 
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variable inter-dialytic time periods which are inherent in the typical HD schedule impact CV 

health. 

In conclusion, this study provides evidence that, in stable Caucasian cHD patients with modest 

IDWG, similar BP control is observed during and after the last days of both the long and short 

IDP when only nurse-measured, peri-dialysis BP measurements are considered. In contrast, 

ABPM recordings in similar cHD patients revealed modest (average 2-3 mm Hg) increases in 

daytime SBP and PP during the final day/night cycle of the long IDP. Points of relevance to 

the clinical practice in dialysis units treating comparable patients include: (a) The 

compensatory mechanisms that prevent excess fluid from further raising BP during the long 

IDP may explain, in part, why more frequent HD has not been very clearly demonstrated as 

being superior to 3-day-a-week HD [36]. (b) Although both are known to be significant 

modifiers of CV and mortality risk among cHD patients, there is no close inter-relationship 

between IDWG and pre-dialysis or ambulatory BP measurements. Our results should not be 

interpreted as indicating that excess IDWG during the long IDP does not represent a potentially 

important driver of cardiac and cardiovascular disease among in-center cHD patients. Rather, 

the key implication is that dry weight/fluid management and hypertension management 

demand equal attention from the renal care team and require separate interventional 

approaches. (c) ABPM performed during the final day/night cycle of either long or short IDP 

frequently identifies adverse nocturnal BP patterns among apparently well managed cHD 

patients and is capable of detecting relatively subtle differences in BP profiles during long and 

short IDPs. Despite this and other published evidence that ABPM more accurately measures 

overall BP control in dialysis populations, it remains under-utilised.  
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Table 1: Clinical Characteristics of the two retrospective cohorts 

 

 
Retrospective 

Cohort 1 

Retrospective 

Cohort 2 
p* 

Ambulatory 

Cohort 

Number (n) 81 54  23 

Age (mean ± SD, years) 64.0 ± 17.5 70.0 ±12 0.03 60 ± 15 

Gender (n/%, male) 45/56% 23/43% 0.1 14/60% 

Time on dialysis (mean ± SD, years) 4.0 ± 3.4 5.0 ± 4.0 0.3 1.7 ± 2.0 

Dialysis Schedule (n/%, Schedule 1) 45/56% 31/57%  12/52% 

Dialysis Access via AVF† (n/%) 47/58% 30/55% 0.2 9/39% 

ESRD Aetiology (n/%)     

Unknown 21/26% 4/7%  6/26% 

Diabetic Kidney Disease 17/21% 15/28%  5/22% 

Glomerulonephritis/FSGS 15/18.5% 8/15%  4/17% 

Cystic Kidney Disease 9/11% 2/4%  3/13% 

Hypertensive Kidney Disease 8/10% 11/20%  2/9% 

Obstructive Nephropathy 5/6% 4/7%  1/4% 

Nephrotoxic Kidney Disease 4/5% 6/11%  1/4% 

Reflux Nephropathy 2/2.5% 4/7%  0/0% 

Treated Hypertension (n/%) 63/77% 51/94% 0.01 16/70% 

Calcium Channel Blocker (n/% treated) 40/63% 17/31%  13/56% 

Beta Blocker (n/% treated) 37/59% 32/59%  10/43% 

RAAS Blocker (n/% treated) 18/22% 12/22%  5/22% 

Diuretic (n/% treated) 16/25% 10/18%  2/8% 

Alpha Blocker (n/% treated) 14/22% 12/22%  6/26% 

Vasodilator (n/% treated) 8/13% 4/7%  1/4% 

No. anti-hypertensive meds (mean ± SD) 1.6 ± 1.3 2.0 ± 1.3 0.3 1.7 ± 1.3 

Diabetes Mellitus (n/%) 35/43% 21/39% 0.6 6/26% 

Type 2 DM (n/% of total DM) 25/82% 18/82%  5/21% 

Ischemic Heart Disease (n/%) 34/42% 24/44% 0.7 9/39% 

Cerebrovascular disease (n/%) 13/16% 12/22% 0.3 2/8% 

Echocardiogram report available (n/%) 54/67% 48/89%  23/100% 

LVH (n/% total with echo) 46/85% 20/37% 0.01 17/74% 

Abnormal LV function (n/% with echo) 10/18.5% 9/19%  3/13% 

 

† Abbreviations: AVF = arteriovenous fistula; ESRD = end-stage renal disease; FSGS = focal 

segmental glomerulosclerosis; DM = diabetes mellitus; LVH – left ventricular hypertrophy; 

LV = left ventricle. * Statistical comparisons of retrospective cohort 1 and 2. 
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Table 2. Nurse-measured, pre-dialysis blood pressure parameters and inter-dialytic weight 

gain measured after the long inter-dialytic period and each of the two short inter-dialytic 

periods for the combined cohort. 

 

 
No. of 

Measurements 

Long 

IDP 

Short 

IDP1 

Short 

IDP2 
p* 

Pre-dialysis SBP 

(mean  SD, mm Hg) 
521 143  25 141  24 141  25 0.12 

Pre-dialysis DBP 

(mean  SD, mm Hg) 
521 75  17 74  18 74  18 0.39 

Pre-dialysis MAP 

(mean  SD, mm Hg) 
521 97  16 96 17 96  17 0.09 

Pre-dialysis PP  

(mean  SD, mm Hg) 
521 68 23 67  22 67  23 0.52 

Absolute IDWG 

(mean  SD, kg) 
472 2.5  1.2 1.8  1.0 1.85  1.0 <0.001 

Percentage IDWG 

(mean  SD, %) 
447 3.3  1.6 2.4  1.3 2.45  1.3 <0.001 

 

† Abbreviations: IDP = Inter-dialytic Period; SBP = systolic blood pressure; DBP = diastolic blood 

pressure; MAP = mean arterial pressure; PP = pulse pressure; IDWG = inter-dialytic weight gain 

*Statistical test: One-way repeated measures ANOVA conducted through General Linear 

Model. 
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Table 3:  Correlations of blood pressure indices with percent inter-dialytic weight gain 

(%IDWG) for long and short inter-dialytic periods (IDP) among the combined retrospective 

cohort 

 

 

Long IDP† 

r        p* 

     Short IDP1 

       r            p 

Short IDP2 

       r             p  

Pre-dialysis SBP                                          0.08     0.4       0.1        0.2      0.05        0.5 

Pre-dialysis DBP                                 0.1        0.1       0.2        0.01     0.2         0.02 

Pre-dialysis MAP                                 0.1        0.1       0.1        0.02     0.2          0.05 

Pre-dialysis PP                                 -0.007     0.9     -0.04       0.6    -0.08        0.3 

 

† Abbreviations: IDP = Inter-dialytic Period; SBP = systolic blood pressure; DBP = diastolic blood 

pressure; MAP = mean arterial pressure; PP = pulse pressure; IDWG = inter-dialytic weight gain 

*Statistical test:  Pearson correlation coefficients 
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Table 4:  Analysis of clinical, blood pressure and interdialytic weight gain indices among the 

combined retrospective cohort comparing three subgroups with high, medium and low 

%IDWG following the Long IDP. 

 High 

N= 48 

Medium 

N= 52 

Low 

N=35 

p‡ 

% Weight gain (mean ± SD, % post-

dialysis weight) 
4.5  0.8 2.7  0.4 1.1  0.7 <0.0001 

Absolute IDWG (mean ± SD, kg) 3.4  0.7 2.0  0.5 1.5  1.0 <0.0001 

Age (mean ± SD, years) 5915 7115 6915 0.0002 

Gender (n/%, male) 37/77% 23/44% 22/62% 0.001 

Time on dialysis (mean ± SD, years)   4.0 ± 2.6 5.0 ± 4.2     4.0±3.0     0.3 

Dialysis Schedule (n/%, Schedule 1) 28/58% 25/48%     22/62%     0.3 

Dialysis Access via AVF† (n/%) 37/77% 26/50%     19/54%    0.001 

Treated Hypertension (n/%) 38/79% 39/75%     29/83%     0.1 

 

Calcium Channel Blocker (n/% treated) 

 

19/39% 

      

24/46% 

 

14/40% 

 

Beta Blocker (n/% treated) 24/50% 29/49% 21/60%  

RAAS Blocker (n/% treated) 14/29% 10/14%      7/20  

Diuretic (n/% treated) 7/14% 12/25% 12/34%  

Alpha Blocker (n/% treated) 12/25% 8/15% 5/14%  

Vasodilator (n/% treated) 6/12% 3/6% 10/28%  

No. anti-hypertensive meds (mean ± SD)    1.6 ± 1.3 1.5 ± 1.2 1.3±0.9 0.3 

Diabetes Mellitus (n/%) 17/35% 22/42% 18/51% 0.3 

Type 2 DM (n/% of total DM) 13/76%      17/33% 10/28%  

Ischemic Heart Disease (n/%) 19/39% 22/42% 17/48% 0.4 

Cerebrovascular Disease (n/%) 7/14% 12/19%      8/23%      0.2 

Pre-dialysis SBP (mean ± SD, mm Hg)       143  17 142  24     141  16 0.8 

Pre-dialysis DBP (mean ± SD, mm Hg) 77  15 74  14   72  14      0.3 

Pre-dialysis MAP (mean ± SD, mm Hg) 99  13 97  15 95  13 0.9 

Pre-dialysis PP (mean ± SD, mm Hg) 66  20 68  20 68  15 0.8 

 
† Abbreviations: IDWG = inter-dialytic weight gain,  

Group 1 = Patients with % interdialytic weight gain > 3.5%. Group 2 = Patients with % interdialytic 

weight gain between 2- 3.5%, Group 3 = Patients with % interdialytic weight gain between less than 

2%. SBP = systolic blood pressure; DBP = diastolic blood pressure; MAP = mean arterial pressure; PP 

= pulse pressure; IDWG = inter-dialytic weight gain 

‡ Statistical test: One way ANOVA with Tukey’s multiple comparison.  
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Table 5. Summary of total, daytime and night-time blood pressure indices and inter-dialytic 

weight gains for long and short inter-dialytic periods of the ambulatory cohort. 

 
No. of 

Measurements 
LIDP† SIDP 

Mean 

Difference, 

LIDP-SIDP 

(95% CI)‡ 

p* 

24-hour      

SBP 781 149  25 147  26 2.1 (-0.04 – 4.2) 0.055 

DBP 782 81  18 81  18 0.2 (-1.4 – 1.8) 0.80 

MAP 782 104  18 103  18 1.0 (-0.6 – 2.6) 0.21 

PP 782 68  21 66  20 2.7 (0.6 – 4.7) 0.01 

Daytime      

SBP 570 151  24 148  24 3.2 (0.85 – 5.5) 0.01 

DBP 571 82  18 81  17 1.3 (-0.5 – 3.1) 0.16 

MAP 571 106  18 104  17 2.2 (0.4 – 4.0) 0.015 

PP 571 68  21 66  20 2.4 (0.7 – 4.2) 0.01 

Night-time      

SBP 208 145  28 146  29 -0.5 (-4.9 – 3.95) 0.82 

DBP 208 77  16 79  19 -2.4 (-5.4 – 0.6) 0.115 

MAP 208 100  19 102  21 -1.9 (-5.2 – 1.4) 0.25 

PP 208 69  20 67  20 1.9 (-1.3 – 5.1) 0.24 

IDWG‖ (kg) - 2.7 ± 1.4 1.8 ± 0.8 0.8 (0.3-1.3) 0.002 

 

† Abbreviations: IDP = Inter-dialytic Period; SBP = systolic blood pressure; DBP = diastolic blood 

pressure; MAP = mean arterial pressure; PP = pulse pressure; IDWG = inter-dialytic weight gain 

‡95% CIs adjusted for Bonferroni correction. 

‖ IDWG represents the means ± SD of the single calculated inter-dialytic weight gains per 

subject for the two periods of ambulatory BP monitoring.  

*Statistical test: One-way repeated measures ANOVA conducted through General Linear 

Model with the exception of IDWG which was analyzed by paired Student’s t-test. 
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Table S1. Pre-dialysis blood pressure parameters and inter-dialytic weight gain measured after 

the long inter-dialytic period and each of the two short inter-dialytic periods for Cohort 1 

(GUH/MGH). 

 
No. of 

Measurements 

Long 

IDP 

Short 

IDP1 

Short 

IDP2 
p* 

Pre-dialysis SBP 

(mean  SD, mm Hg) 
308 144  22 143  21 142  22 0.194 

Pre-dialysis DBP 

(mean  SD, mm Hg) 
308 81  13 80  13 80  13 0.188 

Pre-dialysis MAP 

(mean  SD, mm Hg) 
308 102  14 101  14 101  14 0.095 

Pre-dialysis PP  

(mean  SD, mm Hg) 
308 63  19 62  19 62  19 0.799 

Absolute IDWG 

(mean  SD, kg) 
278 2.6  1.3 2.0  1.1 2.0  1.1 <0.001 

Percentage IDWG 

(mean  SD, %) 
255 3.4  1.6 2.6  1.4 2.65  1.3 <0.001 

 
† Abbreviations: IDP = Inter-dialytic Period; SBP = systolic blood pressure; DBP = diastolic blood 

pressure; MAP = mean arterial pressure; PP = pulse pressure; IDWG = inter-dialytic weight gain 

*Statistical test: One-way repeated measures ANOVA conducted through General Linear 
Model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
Table S2. Pre-dialysis blood pressure parameters and inter-dialytic weight gain measured after 

the long inter-dialytic period and each of the two short inter-dialytic periods for Cohort 2 

(MUH). 

 

 
No. of 

Measurements 

Long 

IDP 

Short 

IDP1 

Short 

IDP2 
p* 

Pre-dialysis SBP 

(mean  SD, mm Hg) 
214 141  29 138  27 140  27 0.227 

Pre-dialysis DBP 

(mean  SD, mm Hg) 
214 65  18 64  19 65  19 0.693 

Pre-dialysis MAP 

(mean  SD, mm Hg) 
213 91  17 89  18 90  19 0.294 

Pre-dialysis PP  

(mean  SD, mm Hg) 
213 76  25 74  25 75  26 0.438 

Absolute IDWG 

(mean  SD, kg) 
194 2.3  1.1 1.5  0.8 1.6  0.75 <0.001 

Percentage IDWG 

(mean  SD, %) 
192 3.2  1.6 2.1  1.2 2.2  1.1 <0.001 

 
 
† Abbreviations: IDP = Inter-dialytic Period; SBP = systolic blood pressure; DBP = diastolic blood 

pressure; MAP = mean arterial pressure; PP = pulse pressure; IDWG = inter-dialytic weight gain 

*Statistical test: One-way repeated measures ANOVA conducted through General Linear 
Model. 
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