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lead to calcium loading which enhances the risk of vascular and 
extravascular calcification. A safer option to counteract IDH could 
be a higher dialysate magnesium concentration (DMg) as suggested 
by experimental and clinical data [8].

Mg, which is the fourth most abundant cation in the human 
body, has direct effects on many physiological variables, e.g. 
blood pressure, myocardial contractility, bone mineralization and 
parathyroid function [9]. Mg stabilizes enzymes in ATP generating 
reactions; it is important for cell adhesion and membrane transport 
and modulates insulin signaling [9]. About 99% of total Mg is 
located in bone, muscles and non-muscular soft tissue. In the 
general population, several studies have indicated an association 
between low serum Mg and ischemic heart disease, diabetes mellitus, 
metabolic syndrome, coronary artery disease and atherosclerosis 
[10,11]. Mg homeostasis is determined by dietary Mg intake, 
intestinal absorption and renal excretion. In hemodialysis patients 
this normal balance is lost and Mg homeostasis becomes majorly 
dependent on Mg removal during hemodialysis. As current 
hemodialysis guidelines do not recommend specific dialysate 
Mg concentrations, common standard compositions vary from 
0.25 to 1.00 mmol/L Mg [12]. Correlative studies in hemodialysis 
cohorts suggest that higher dialysate Mg concentrations might be 
advantageous for cardiovascular disease and for preventing IDH 
[13,14]. The goal of our retrospective study was to examine the 
effects of increased DMg on the occurrence of IDH in an outpatient 
hemodialysis center in which standard treatment had been changed 
from 0.5 mmol/L to 1.0 mmol/L DMg.

Materials and Methods
Patient characteristics

The study was performed as a retrospective, longitudinal single-

Introduction
Worldwide, hemodialysis is the most commonly used treatment 

modality for patients with end-stage renal disease. Despite 
technological advances in the delivery of hemodialysis, the mortality 
rate of patients on long-term hemodialysis remains alarmingly high, 
with cardiovascular disease being the leading cause of death [1]. One 
of the most common complications of hemodialysis and an important 
contributor to cardiovascular mortality is intradialytic hypotension 
(IDH). While there is no generally accepted definition of IDH, Kidney 
Disease Outcomes Quality Initiative (K/DOQI) and European Best 
Practice guidelines define IDH as a decrease in systolic blood pressure 
of more than 20 mmHg in association with symptoms and/or the 
need for nursing interventions [2,3]. IDH may occur in up to 25% of 
treatments and it is assumed that the incidence will continue to increase 
as a growing number of elderly patients will be developing end-stage 
renal disease [4,5]. By causing repetitive tissue hypoperfusion, IDH 
has detrimental effects on several organ systems: IDH leads to a critical 
shortage of blood supply to the gut and subsequently to increased 
intestinal permeability, endotoxemia and microinflammation [6]; 
furthermore, IDH causes cerebral hypoperfusion and cognitive 
impairment [7]; due to recurrent myocardial ischemia IDH aggravates 
preexisting cardiac disease and promotes heart fibrosis and arrhythmia 
[6]. The most important trigger for IDH is a rapid decrease in 
effective blood volume caused by high ultrafiltration rates. However, 
slowing ultrafiltration as recommended by the European Best Practice 
guidelines is often difficult to achieve [2]. Cooler dialysate temperature 
is another strategy against IDH which is currently tested in clinical 
trials [7]. An additional option to improve intradialytic blood pressure 
stability is to increase sodium or calcium concentration in the dialysate 
[3]. A higher sodium level, however, may expand total body water and 
thereby aggravate ultrafiltration requirements. Higher calcium may 
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Abstract

Numerous beneficial effects on cardiovascular health have been described for magnesium (Mg). 
Intradialytic hypotension (IDH) is a common complication in hemodialysis patients which contributes 
to cardiovascular mortality. It has been suggested that higher dialysate Mg (DMg) might reduce the 
risk of IDH. In this 24-month retrospective observational analysis we studied the incidence of IDH in 
45 stable hemodialysis patients who underwent conversion from 0.5 mmol/L  DMg to 1.0 mmol/L. 
Mean serum Mg was 1.12 ± 0.03 mmol/L pre-conversion and changed to 1.35 ± 0.04 mmol/L post-
conversion. In parallel, incidence of IDH showed a significant decrease from 1.59 ± 0.34 to 1.08 ± 
0.27 % comparing 12 months before and 12 months after DMg conversion. The incidence of muscle 
cramps and serum calcium showed a trend for reduction while other parameters were unchanged. In 
conclusion, switching patients from 0.5 mmol/L DMg to 1.0 mmol/L was associated with a significant 
improvement of IDH incidence without significant changes in other parameters that were analyzed in 
this study. Further studies are warranted to test the association between DMg and IDH in a prospective 
randomized fashion.
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center study at Kuratorium für Dialyse und Nierentransplantation, 
a non-profit dialysis provider associated with Hannover Medical 
School. For evaluating the impact of doubling DMg from 0.5 to 1.0 
mmol/L, a period of 12 months before and 12 months after dialysate 
conversion was analyzed. 45 patients met the inclusion criteria (age 
above 18 years, chronic hemodialysis for at least 3 months before 
study period, completion of 24 months study period, hemodialysis 
using the central dialysate supply system, no episodes longer than 
3 weeks outside the center due to hospitalization or vacation). 
Patient baseline characteristics are shown in Table 1. All patients 
underwent three standard weekly hemodialysis treatments of 4-5 
hours. According to the local standard maximum ultrafiltration rates 
were ≤ 13ml/kg/hour in all patients throughout the study period. 
Blood and dialysate flow was standardized to 300 mL/min (Qb) and 
500 mL/min (Qd), respectively. Hemodialysis was performed with 
high-flux polysulfone filters using individualized bicarbonate levels 
ranging from 30-36 mmol/L. Dialysate calcium was standardized to 
1.25 mmol/L. The study had been approved by the institutional ethics 
board of Hannover Medical School and by Kuratorium für Dialyse 
und Nierentransplantation. 

Data evaluation
The frequency of IDH and muscle cramps was analyzed by 

evaluating routine patient records. IDH was defined as a drop in 
systolic blood pressure of more than 20 mmHg and concurrent 
requirement of volume expansion by nurse intervention. Muscle 
cramps were defined as localized, painful contractions requiring nurse 
intervention (generally injection of hypertonic saline). Archived 
treatment and laboratory data were analyzed for intradialytic weight 
loss by ultrafiltration, changes in calcium (Ca), phosphate (PO4) and 
intact parathyroid hormone (iPTH). 

Statistical analysis
For comparison of paired dichotomous data, McNemar test was 

applied and for comparison of paired continuous variables statistical 
analyses comprised two-tailed paired t-tests. Analyses were performed 
using a web-based McNemar test and IBM SPSS Statistics 22. Results 
are given as means with standard error of the mean (SEM), unless 
otherwise stated. Changes were considered statistically significant for 
p < 0.05 (two-sided).

Results
Patient characteristics and impact of DMg 
conversion on serum Mg

Baseline characteristics of the 45 study patients are summarized 
in Table 1. Their mean age was 57.9 ± 17.6 years, and a total of 31 
patients were male. The median duration of dialysis was 10.5 ± 8.0 
years. Mean serum Mg at baseline was 1.12 ± 0.03 mmol/L, which was 
at the upper limit of normal (0.70-1.10 mmol/L). Conversion from 
standard (0.5 mmol/L) to high (1.0 mmol/L) DMg caused a significant 
increase in mean pre-dialysis serum Mg levels to 1.35 ± 0.04 mmol/L 
(p < 0.0001). Dialysate composition differed only by Mg content 
while all other components were not altered. The number of patients 
that took oral magnesium supplements were lower under high DMg 
compared to lower DMg (Table 2). Mg containing phosphate binders 
were not used during the time of the study (p < 0.0001). (Figure 1).

Impact of DMg conversion on IDH and muscle 
cramps

The occurrence of IDH during the defined 24-month study period 
was analyzed in a total of 13480 hemodialysis sessions (150.4 ± 2.1 per 
patient before vs. 151.4 ± 1.8 per patient after DMg conversion, p = 
0.6679). IDH as defined by a drop in systolic blood pressure of more 
than 20 mmHg and concurrent requirement of volume expansion 
occurred at least once in 75% of patients over the course of the total 
study period. Frequency of IDH decreased from 1.59 ± 0.34% to 1.08 
± 0.27% (p = 0.0395) after increasing dialysate Mg. In parallel, the 
incidence of muscle cramps with requirement for nurse intervention 
showed a strong trend for reduction from 9.77 ± 2.50% to 6.82 ± 
2.14% but this difference did not reach statistical significance (p = 
0.0942). The mean weight loss during ultrafiltration was 2.35 ± 0.78 
kg per dialysis treatment vs. 2.49 ± 0.78 kg which was not significantly 
different between the study periods (p = 0.4363).

Table 1: Patient characteristics and hemodialysis modality parameters.

n = 45

Age (years) 57.9 ± 17.6

Sex (male/female) 31/14

Time on HD (years) 10.5 ± 8.0

Diabetes mellitus (%) 8.8

CV disease (%) 77.8

HD sessions analyzed in total 13480

HD sessions per patient analyzed 301.8 ± 21.1

HD treatment duration (hrs/week) 4-5

Qb (mL/min) 300

Qd (mL/min) 500

Dialysate HCO3 (mmol/L) 30-36

Dialysate Ca (mmol/L) 1.25

Data are presented as mean ± SEM. Abbreviations: HD, hemodialysis; CV, 
cardiovascular; Qb, blood flow; Qd, dialysate flow; HCO3, bicarbonate; Ca, 
calcium. Cardiovascular disease was defined as coronary artery disease, 
myocardial infarction, peripheral arterial occlusive disease and stroke.

Table 2: Clinical and routine laboratory parameters prior to and after change of 
Mg dialysate.

low dialysate Mg high dialysate Mg p value

HD sessions 150.4 ± 2.09 151.4 ± 1.81 0.6679

Serum Mg (mmol/L) 1.12 ± 0.03 1.35 ± 0.04 < 0.0001

Oral Mg supplements 8.75 ± 5.93 3.75 ± 1.92 0.21

IDH (%) 1.59 ± 0.34 1.08 ± 0.27 0.0395

Leg cramps (%) 9.77 ± 2.50 6.82 ± 2.14 0.0942

Weight loss by UF (kg) 2.35 ± 0.78 2.49 ± 0.78 0.4363

Ca (mmol/L) 2.22 ± 0.02 2.18 ± 0.02 0.0638

PO4 (mmol/L) 1.69 ± 0.05 1.67 ± 0.03 0.7399

iPTH (pg/mL) 199.0 ± 23.5 168.6 ± 20.1 0.1183

Data are presented as mean ± SEM. Abbreviations: IDH, intradialytic 
hypotension; 
UF, ultrafiltration; Ca, calcium; PO4, phosphate; iPTH, intact parathyroid 
hormone.
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Impact of DMg conversion on bone metabolism 
parameters

With conversion to higher DMg there was a small but almost 
significant decrease in serum calcium from 2.22 ± 0.02 mmol/l to 2.18 
± 0.02 mmol/l (p = 0.0638), no change in serum phosphate PO4 (1.69 
± 0.05 mmol/L vs. 1.67 ± 0.03; p = 0.7399) and no change in iPTH 
(199.0 ± 23.5 pg/ml vs. 168.6 ± 20.1 pg/ml; p = 0.1183; Table 2). 

Discussion
Given the association of IDH and cardiovascular disease related 

mortality in hemodialysis patients [5], targeting IDH by modulating 
DMg is of great potential importance. In this study, we found that 
increasing DMg from 0.5 to 1.0 mmol/L was associated with a 
reduction in IDH comparing 12 months before to 12 months after 
the conversion. These findings argue for a therapeutic benefit and 
support the concept that the blood pressure stabilizing role of Mg is 
also valid in hemodialysis [8].

It is important to note however, that we observed a relatively low 
IDH prevalence in our patients when compared to other published 
studies [4,5]. Apart from our stringent definition of IDH there are 
several reasons that might account for the lower prevalence: Despite 
their long average dialysis vintage (10.5 years) the comorbidity 
burden in our patients was moderate (e.g. diabetes mellitus below 
10%) and average age was below 60 years. Additionally, ultrafiltration 
rates, the main risk factor for IDH, were restricted to a maximum of 
13ml/kg/hour as per our center’s policy. It will be important to test 

whether the present findings are transferable to patient populations 
with higher comorbidity, higher ultrafiltration rates and higher 
incidences of IDH. 

A large cross-sectional study investigated the correlation between 
serum Mg and cardiovascular mortality in a cohort of more than 
140,000 hemodialysis patients [15]. The majority of patients used 
DMg of 0.5 mmol/L and their mean serum Mg concentration was 
1.07 mmol/L, which is similar to the pre-conversion Mg in our 
patients (1.12 mmol/L). The study found that cardiovascular mortality 
significantly worsened with serum Mg levels being below 1.15 mmol/L 
[15]. The same threshold of 1.15 mmol/L was independently found 
in a study of hemodialysis patients treated with a 1.0 mmol/L DMg 
[16]. It was concluded that increasing serum Mg >1.15 mmol/L might 
have beneficial effects on cardiovascular disease related mortality. 
From the published data it is not clear whether IDH is involved in 
this mortality reduction; our data, however, suggest that this might 
be the case. The main limitations of our study are the single-center 
retrospective character and the relatively small number of patients. 
Mean dialysis vintage in our cohort was long and relatively few 
patients had diabetes mellitus, which may limit the comparability to 
other hemodialysis populations. Moreover, there might have been 
confounders such as changes in residual renal function that were not 
evaluated. However, despite these shortcomings our study has several 
strengths: In contrast to previously published cross-sectional reports 
our study allowed for a longitudinal patient follow-up before and 
after DMg conversion. This is not possible in cross-sectional cohort 
data in which individual serum Mg levels are influenced by a plethora 
of covariates (e.g. differences in nutritional status) which might 
have independent effects on the investigated endpoints. The relative 
increase of serum Mg in our patients was a direct result of the timed 
dialysate conversion. Independent covariates are therefore less likely 
to be causally involved. 

So far, there are only two published studies that have analyzed 
the impact of increased dialysate Mg on intradialytic blood pressure 
stability in an interventional manner. In the first study, dialysate 
calcium and Mg concentrations were changed sequentially in 4-week 
intervals in a group of 14 hemodialysis patients [17]. The study 
revealed superiority of a dialysate containing 1.25 mmol/L calcium 
and 0.75 mmol/L Mg over a combination of 1.25 mmol/L calcium 
with 0.25 mmol/L or 0.5 mmol/L Mg [17]. The second study, which 
has only been presented in abstract form, found no benefit for 
intradialytic blood pressure stability after an increase in dialysate Mg 
from 0.5 mmol/L to 1.0 mmol/L [18]. Results of the latter study seem 
to differ from our own findings, though follow-up was only 2 weeks as 
compared to 12 months after DMg conversion in our study. Mg has 
well-known long-term effects in hemodialysis patients, e.g. reduced 
intima media thickness and lower arterial calcification burden 
[19,20]. It is possible that associated changes in vasomotor activity 
and hemodynamic stability are missed in a short observation period.

Filiopoulos and colleagues have recently reported on changes of 
parameters of bone metabolism during a 4 month observation in 29 
hemodialysis patients after DMg conversion from 1mEq/L. to 1.5 
mEq/L [21]. They found that the resulting hypermagnesemia was 
paralleled by a significant decrease in serum calcium with no change 

Figure 1: Scatter plots of selected parameters from table 2 to illustrate the 
impact of dialysate conversion from dialysate with a Mg concentration of 
0.5 mmol/L to 1.0 mmol/L on (A) predialytic serum Mg and (B) intradialytic 
hypotension (IDH). Apart from dialysate Mg, all other components of the 
dialysate remained unchanged..
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in iPTH or serum phosphate. In line with their findings our patients 
showed no changes in these parameters except a nearly statistically 
significant drop in calcium. However, the magnitude of this change 
was too small to draw any conclusions about its clinical significance.

Mechanistically, hypocalcemia could be well explained by the 
reciprocal interplay between Mg and calcium. For example, it has 
been shown that Mg supplementation reduces apparent calcium 
absorption but promotes bone formation and prevents bone 
resorption [22]. Moreover, Mg is a potent inhibitor of the calcification 
process [23]. Thus, the drop in serum calcium seen after increasing 
DMg from 0.5 to 1.0 mmol/L might have a long-term impact on bone 
structure. However, follow-up of the patients was not designed to 
evaluate for this.

In conclusion, increasing DMg led to a reduction in IDH 
incidence without overt side effects. Higher DMg could thus serve 
as an effective strategy to reduce IDH and associated cardiovascular 
events. However, it needs to be tested whether our retrospective single 
center experience can be transferred to other patient populations. 
Ideally, a randomized controlled trial should be performed that 
allows not only monitoring of DMg dependent changes in IDH but 
also the secondary impact on cardiovascular outcome.
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