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Background: Regional citrate anticoagulation (RCA) is a recommended anticoagulation alternative for patients at high risk
of bleeding while undergoing intermittent hemodialysis. Previous reports implied the risk of citrate application
on bone metabolism. It is unclear whether long-term use of RCA is safe for maintenance hemodialysis patients
in terms of bone metabolism.

Material/Methods: Seven patients with cerebral hemorrhage were included in the study. Blood samples were collected at base-
line and 4 and 8 weeks after treatment. Spent dialysate samples were collected during each mid-week dialysis
session, using the partial dialysate collection method. All patients were treated with RCA for 4 to 8 weeks, ac-
cording to their clinical condition. We assessed bone metabolism-associated parameters, bone turnover mark-
ers, and magnesium loss at each dialysis session.

Results: Serum magnesium levels were 1.24+0.13 mmol/L at baseline and significantly decreased to 1.16+0.14 mmol/L
after 4 weeks of RCA treatment (P=0.025). Most patients had negative magnesium balance during citrate hemo-
dialysis. Serum total calcium levels did not change significantly after treatment. One bone marker, N-terminal
propeptide of type | procollagen (PINP), significantly decreased from 146.07+130.12 mmol/L to 92.42+79.01
mmol/L after citrate treatment (P=0.018). No significant changes were detected in other bone turnover markers.

Conclusions: Relatively long-term RCA treatment may decrease serum magnesium levels due to negative magnesium bal-
ance. Bone formation marker PINP seemed to decrease after treatment, while other bone turnover markers did
not change significantly. Further investigation is needed to verify the effect of RCA on bone remodeling.
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Background

Patient undergoing hemodialysis have an increased risk of
bleeding, such as intracranial and extradural hemorrhage,
which is reported to be 10 to 20 times greater than that of
the general population [1]. For the patients who have recently
had intracranial hemorrhage, systemic anticoagulants should
be avoided [2]. As such, regional citrate anticoagulation (RCA)
is a preferred treatment because its anticoagulation effect is
limited to the extracorporeal circuit. Citrate is a very effec-
tive regional anticoagulant. It decreases serum ionized cal-
cium levels by forming a citrate-calcium complex. Therefore,
calcium, which is essential for the coagulation process, is no
longer available [3]. During RCA treatment, citrate is dripped
into the arterial line to maintain the ionized calcium concen-
tration of the extracorporeal circuit, within the range of 0.2
to 0.4 mmol/L. A calcium substitution is administered in the
venous line to keep the normal systematic ionized calcium
level [4]. Currently, RCA treatment is considered as an alter-
native anticoagulation treatment for patients who are active-
ly bleeding, at increased risk of bleeding, or have heparin-in-
duced thrombocytopenia [5].

Although many reports have reported the advantages of RCA,
it is still unclear whether the long-term exposure to citrate
would do harm to patients. This requires further investigation
because some reports showed that plasma and thrombocyte
donors exposed to citrate anticoagulation exhibited changes in
mineral and bone metabolism [6,7]. Previous case reports also
showed that bone loss and fracture occurred in 2 patients who
received long-term RCA treatment [8,9]. Considering the impor-
tance of bone loss and fracture, which are associated with the
prognostic maintenance of hemodialysis patients [10,11], it is
of concern whether treatment with RCA for a period of time
will affect the bone metabolism of these patients.

There are currently no reports about the effects of relatively
long-term use of RCA on bone remodeling in patients under-
going intermittent hemodialysis. The objective of this study is
to evaluate the impact of RCA on bone metabolism-associat-
ed parameters and bone turnover markers and to investigate
whether the use of RCA for a longer period of time is safe for
patients undergoing maintenance hemodialysis, in terms of
bone metabolism.

Material and Methods

Statement of Ethics

This study was approved by the Ethics Committee of Shanghai
Ninth People’s Hospital, School of Medicine, Shanghai Jiao tong
University (approval No. SH9H-2018-T78-2). Informed consent
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was signed by all participants or their close relatives before
they were enrolled in the study.

Patients

A total of 7 patients undergoing intermittent hemodialysis
at the Kidney Intensive Care Unit of Shanghai Ninth People’s
Hospital from May 2019 to March 2020 were included in this
study. The patients began the treatment with RCA because of
experiencing cerebral hemorrhage. The patients were includ-
ed after returning to the dialysis center. All patients had ure-
mia and anuria. Exclusion criteria were patients with known
osteoporosis, severely impaired liver function, or malignant tu-
mors; fracture/orthopedic surgery in the last 6 months; chang-
es of the dose of phosphate binders, vitamin D, or calcimimet-
ics within 4 weeks of study entry; and treatment with citrate
anticoagulation, blood, blood products, or plasma exchange
in the last 3 months.

Hemodialysis

Dialysis was performed using the Fresenius 4008 dialysis ma-
chine or Aquarius DBB27 dialysis machine. The dialysate flow
rate was set at 500 mL/min. Dialysate was calcium-free, con-
taining 140 mmol/L sodium, 108.5 mmol/L chlorine, 2.0 mmol/L
potassium, 31 mmol/L bicarbonate, and 0.5 mmol/L magne-
sium. The blood flow rate and ultrafiltration rate were set and
adjusted according to the patients’ therapeutic needs. Blood
flow rates ranged from 200 mL/min to 250 mL/min. Dialysis
access was via an arteriovenous fistula.

RCA Protocol

We created the RCA protocol for intermittent hemodialysis
based on our previous research [12,13]. This protocol has been
performed as the standard protocol for RCA since 2016. The
citrate anticoagulant (2.2%, 113 mmol/L) was dripped into the
arterial line prior to the blood pump at a dose of 4 mmol/L
per plasma flow, while the calcium chloride solution (5%, 340
mmol/L) was infused into the venous return as supplemen-
tation. The level of ionized calcium in the extracorporeal cir-
cuit was maintained within the range of 0.2 to 0.4 mmol/L to
ensure sufficient anticoagulation, while the systematic ion-
ized calcium level was kept within the standard range (1.0-1.2
mmol/L). Blood gas analyses were done to measure the ion-
ized calcium concentration during the treatment.

Monitoring and Laboratory Tests

Blood samples were drawn at baseline, after 4 weeks of treat-
ment, and after 8 weeks of treatment. Effluent samples were
collected during each mid-week dialysis session using the par-
tial dialysate collection method, based on a previous report [14].
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Accordingly, a small pump was installed on the spent dialysate
line to draw a small flow at about 8 to 10 mL/min for collec-
tion in a small vessel. A sample of the collected dialysate was
well mixed and sent for calcium concentration measurement.
Intact fibroblast growth factor (FGF)-23, bioactive parathyroid
hormone (PTH) 1-84, N-terminal propeptide of type | procol-
lagen (PINP), beta carboxy-terminal cross-linking telopeptide
of type | collagen (CTX), osteocalcin, and bone alkaline phos-
phatase (b-ALP) were measured using commercially available
ELISA kits, according to the manufacturer’s instructions (ELISA
kits were from Immunodiagnostic Systems, Tyne and Wear,
UK and Quidel Corporation, San Diego, CA, USA). The calcium,
phosphate, and magnesium concentrations of the blood and
effluent sample were measured according to the routine lab-
oratory procedures of our hospital.

Calculations of Magnesium Fluxes from Extracorporeal
Circuit to the Effluent

The amount of magnesium removed by the filters was deduct-
ed from the amount of magnesium delivered in the dialysate.
Effluent loss of magnesium was calculated from the effluent
flow multiplied by the magnesium concentration in the efflu-
ent. Magnesium input was calculated as dialysate flow multi-
plied by the magnesium concentration in dialysate.

Statistical Analysis

All continuous variables were normally distributed (assessed
by the Shapiro-Wilk test) and expressed as mean#standard
deviation. A paired t test was employed for comparing differ-
ences between variables. All analysis were performed using
SPSS 20.0 (SPSS Inc, Chicago, IL, USA), and a value of P<0.05
was considered statistically significant.

Results

Baseline Characteristics

All patients were treated with hemodialysis RCA 3 times per
week for 4 weeks. After 4 weeks, 3 patients continued treat-
ment with RCA because of recurrent cerebral hemorrhage; 3
patients were anticoagulated by heparin during hemodialysis;
and 1 patient died from intracranial hemorrhage. The patients’
baseline characteristics are shown in Table 1. Accordingly, the
mean levels of serum blood urea nitrogen (BUN), creatine, phos-
phate, and total calcium were 25.2+7.6 mmol/L, 657.6+274.1
umol/L, 1.7+0.4 mmol/L, and 2.2+0.1 mmol/L, respectively.
We evaluated the KT/V values of all patients before the study
and every month during the study to ensure the dialysis ade-
quacy. The KT/V values of the patients included in this study
were all above 1.2.

CLINICAL RESEARCH

Table 1. Baseline characteristics of patients included in the

cohort.
Parameter Normal range Mean (SD)
Age (years) / 65+17
Gender Male, %) /. 57%
| White blood cell (<10) 3595  51xl4
Hemoglobin (@) 130175 90112
Hematocrit () w050 2814
wtony 1049 1082
Castom) 034 w2
Biliubin mmol) s21 613
Mbumin @) 3350 s7ia
CBUN (mmol) 2564 252476
Csrmolt) 5596 6574274
(S:]rmuz /FL’;‘“phate 0.78-1.65 1.740.4
Serum total calcium 2.08-2.65 2.4+0.4

(mmol/L) T

SD - standard deviation; ALT — alanine aminotransferase;
AST — aspartate aminotransferase; BUN — blood urea nitrogen;
Scr — serum creatine.

Changes of Bone Metabolism-Associated Biochemical
Parameters

Serum calcium, serum phosphate, serum magnesium, PTH,
and FGF-23 are associated with mineral and bone metabolism.
Changes in these parameters are shown in Figure 1. Serum
magnesium levels were 1.24+0.13 mmol/L at baseline, and
they were significantly decreased to 1.16+0.14 mmol/L after 4
weeks of RCA treatment (P=0.025). Serum calcium and phos-
phate levels were 2.42+0.38 mmol/L and 1.72+0.39 mmol/L,
respectively, at baseline. These levels were not significantly
different after 4 weeks of RCA treatment. On the other hand,
FGF-23 levels were significantly elevated after 4 weeks of RCA
treatment compared with the levels at baseline (P=0.018), and
bioactive intact PTH levels of the patients did not change sig-
nificantly after exposure to 4 weeks of RCA treatment (P=0.59).
Furthermore, 3 patients had an additional 4 weeks of RCA
treatment. The trend of these relevant parameters is shown
in Figure 2. During RCA treatment, 2 of the 3 patients showed
continuously decreased levels of serum magnesium, and 1 of
the 3 patients exhibited continuously increased levels of FGF-
23. In addition, another 3 patients were treated with heparin
anticoagulation in the 4 weeks following the 4 weeks of RCA
treatment. Variations in the serum magnesium and FGF-23
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Figure 1. The changes in bone metabolism-associated biochemical parameters before and after 4 weeks of regional citrate
anticoagulation (RCA) treatment: (A) total calcium; (B) total magnesium; (C) phosphate; (D) bioactive intact parathyroid

hormone (PTH); (E) fibroblast growth factor (FGF)-23.

concentrations of these patients are shown in Figure 3A-3C.
Serum magnesium of the 3 patients seemed to increase slight-
ly after stopping RCA treatment.

Changes of Bone Turnover Markers

We measured bone formation markers including PINP, osteo-
calcin, b-ALP, as well as bone absorption markers, such as CTX.
As shown in Figure 4, the serum PINP concentration was sig-
nificantly decreased after 4 weeks of RCA treatment (P=0.018).
Other bone turnover markers, including osteocalcin, b-ALP,
and CTX, did not differ significantly from their baseline lev-
els. Moreover, serum PINP concentrations seemed to decrease
continuously in 2 of the 3 patients after receiving an addition-
al 4 weeks of RCA treatment (Figure 5).

Magnesium Balance During RCA Treatment

Since serum magnesium levels were significantly decreased
after 4 weeks of citrate treatment, we assessed the amount
of magnesium input and the amount of magnesium lost in
the extracorporeal circuit. The magnesium input was about
60 mmol for every 4-hour hemodialysis session. The amounts
magnesium lost in every session of week 1, week 2, week 3,
and week 4 were 63.7+3.9 mmol, 62.2+2.9 mmol, 64.2+3.5
mmol, and 63.242.1 mmol, respectively (Figure 6). For most
patients, the amount of magnesium lost was more than the

magnesium delivered in the dialysate, and negative magne-
sium balance was likely inevitable.

Discussion

Compared with the general population, patients undergoing
maintenance hemodialysis are at a higher risk of cerebral hem-
orrhage [15], which is associated with the high prevalence of
hypertension, vascular comorbidities linked to kidney impair-
ment, and complications resulting from uremia, such as vas-
cular calcification and malnutrition-inflammation-atheroscle-
rosis syndrome [16]. The use of heparin is essential for dialysis
therapy, but is hazardous in the case of cerebral hemorrhage.

The anticoagulation effect of RCA treatment is limited in the
extracorporeal circuit. To date, it has been recognized that RCA
has some advantages compared with heparin, including pro-
longed filter life, reduction of bleeding risk, and better mem-
brane biocompatibility [17]. The removal of calcium in the
extracorporeal circuit during RCA has also been shown to at-
tenuate neutrophil degranulation, and thus reduce oxidative
stress [18]. For patients undergoing maintenance hemodialy-
sis and who have cerebral hemorrhage, RCA may be used for
long-term treatment to reduce the bleeding risk. However, it is
still unclear whether long-term exposure to RCA is safe for pa-
tients undergoing maintenance hemodialysis. Previous reports
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Figure 2. The trend of total calcium, total magnesium, bioactive intact parathyroid hormone (PTH), and FGF-23 in patients receiving 8
weeks of continuous regional citrate anticoagulation (RCA) treatment: (A) total calcium; (B) total magnesium; (C) bioactive

PTH; (D) fibroblast growth factor (FGF)-23.
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Figure 3. The trend of total magnesium, fibroblast growth factor (FGF)-23 in patients treated with 4 weeks of regional citrate
anticoagulation (RCA) treatment and subsequent 4 weeks of heparin anticoagulation: (A) total magnesium; (B) FGF-23; (C) PINP.

demonstrated that blood donors who were exposed to citrate
during apheresis exhibited compromised bone mass density
at the lumbar spine [7]. Moreover, some cases showed that
marked bone loss and spontaneous fracture occurred in sev-
eral patients who were sustained with prolonged continuous
renal replacement therapy using RCA. Therefore, the long-term
application of RCA may induce harmful effects on patients un-
dergoing hemodialysis, and this deserves further investigation.

In this study, we found that, after citrate treatment, there
were no significant changes in serum total calcium and serum

phosphate levels; however, serum magnesium levels were sig-
nificantly decreased after 4 weeks of RCA treatment, which may
be associated with the negative balance of magnesium in each
hemodialysis session. Magnesium is essential for bone health.
During RCA, magnesium is chelated by citrate, similarly to cal-
cium. The magnesium concentration of 0.5 mmol/L is common
in commercially available dialysate. Kozik et al found a slight
decrease of serum magnesium in patients treated with high-
flux hemodialysis using 0.5 mmol/L dialysate magnesium [19].
Brain et al also found a significantly negative magnesium bal-
ance using dialysate containing 0.5 mmol/L of magnesium [20].
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Figure 4. The changes in bone formation and resorption markers before and after 4 weeks of regional citrate anticoagulation (RCA)
treatment: (A) N-terminal propeptide of type | procollagen (PINP); (B) osteocalcin; (C) bone alkaline phosphatase (b-ALP);
(D) beta carboxy-terminal cross-linking telopeptide of type I collagen (CTX).

Our results were consistent with previous reports and suggest
that the spontaneous decrease of serum magnesium may oc-
cur during the long-term use of RCA treatment. Moreover, se-
rum magnesium levels were reported to be related with both
cardiovascular and non-cardiovascular mortality, as well as the
risk of hip fracture [21,22]. Therefore, more attention needs to
be given to the magnesium concentration of dialysis/substitu-
tion fluids or additional magnesium supplementation. In this
study, we did not strictly restrict magnesium intake from the
patients’ diet. Our patients took an oral phosphate binder that
was free of magnesium. Further studies taking daily magne-
sium intake into consideration should be performed to confirm
the effect of RCA treatment on the serum magnesium level.

In addition, serum FGF-23 levels were increased in the pa-
tients treated with 4 weeks of citrate anticoagulation in this
study. FGF-23 is an endocrine hormone, which is secreted by
osteocytes and osteoblasts. Increased levels of serum FGF-23
is a risk factor for cardiovascular events and mortality in pa-
tients undergoing hemodialysis [23]. There are several reports
on the correlation between serum magnesium and FGF-23, al-
though the precise mechanism remains unknown. The magne-
sium-deficiency diet was reported to increase serum FGF-23

levels in rats with normal renal function [24]. Another report
demonstrated that serum magnesium concentration was in-
versely associated with FGF-23 in patients undergoing hemo-
dialysis [25]. This agrees with the results of our present study.
Some researchers have suggested that magnesium may sup-
press FGF-23 secretion through a calcium-sensing receptor
expressed in osteoblasts [26,27]. Other researchers suggest-
ed that magnesium may suppress FGF-23 production via the
L-type voltage-sensitive calcium channel or transient recep-
tor potential melastatin 7 channel [28,29]. These speculations
need further experimental validation. Also, serum FGF-23 lev-
els are related with serum calcium, phosphate, and PTH levels.
Elevated PTH levels were detected in patients using RCA with
a relatively low target of serum ionized calcium [30]. Although
serum calcium and PTH levels did not change significantly in
our present study, possibly due to the relative high target of
serum ionized calcium in the study, the potential effect of RCA
on the metabolism of calcium, PTH, and FGF-23 increases our
concern of the use of long-term RCA treatment.

Bone formation and resorption markers are proteins produced
by active bone cells or fragments of collagen released into
the circulation during bone remodeling. Some studies have
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Figure 5. The trend of N-terminal propeptide of type | procollagen (PINP), osteocalcin, bone alkaline phosphatase (b-ALP), and beta
carboxy-terminal cross-linking telopeptide of type | collagen (CTX) in patients treated with 8 weeks of continuous regional
citrate anticoagulation (RCA): (A) PINP; (B) osteocalcin; (C) b-ALP; (D) CTX.
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Figure 6. Magnesium loss of each hemodialysis session in the
dialysate during week 1, week 2, week 3, and week
4. The dialysate was sampled during each mid-week
dialysis session. The dotted line means the amount
of magnesium delivered in the dialysate, which was
approximately 60 mmol in each session.

indicated that high levels of bone remodeling markers were
correlated with abnormal cortical and trabecular density and
microarchitecture [31,32]. In the present study, we found that
serum PINP levels were decreased after 4 weeks of RCA treat-
ment, and other markers including osteocalcin, b-ALP, and CTX

did not change significantly. PINP is a sensitive marker of bone
formation, which is cleared by the kidneys. We think its de-
cline may be related to magnesium deficiency because magne-
sium has been regarded as promoting bone formation. A recent
study that was focused on the dialysate magnesium concen-
tration showed that increasing dialysate magnesium levels re-
sulted in higher levels of b-ALP, another marker of bone forma-
tion [33]. Although there were no significant changes in b-ALP
in our study, the potential effect of citrate treatment on bone
formation needs further research. Therefore, it was difficult to
draw any conclusions on the effect of RCA on bone remodeling,
but we need to stay focused on this issue. We did not perform
bone density scans because changes of bone density reflect
3 to 6 months of bone remodeling. Larger and longer cohort
studies evaluating bone loss by imaging examination need to
be conducted to verify the effect of RCA on bone remodeling.

There were several limitations in this study. First, the num-
ber of the patients included in the study was relatively small.
Second, we did not strictly restrict the regular diet and consider
patients’ magnesium intake. The effect of RCA on serum mag-
nesium levels needs to be further validated. Third, no signifi-
cant changes were detected in most of the bone markers mea-
sured in this study. It was uncertain whether prolonged RCA
treatment would affect bone mass density or other prognostic
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markers. Fourth, we sampled only once at every time point.
Multiple sampling at every time point would increase the val-
ue of the study.

Conclusions

Our study demonstrated that long-term RCA treatment may
decrease serum magnesium levels, possibly due to negative
magnesium balance. PINP levels were also decreased after the
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treatment, while other bone turnover markers did not change
significantly. Further investigations are needed to determine
whether dialysate magnesium concentration needs to be ele-
vated during the long-term use of RCA. In the future, we will
perform larger and longer cohort studies to verify the effect
of RCA on patients undergoing hemodialysis.
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