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ABSTRACT
Background: Hypophosphatemia is common during continuous renal replacement therapy
(CRRT) in critically ill patients and can cause generalized muscle weakness, prolonged respiratory
failure, and myocardial dysfunction. This study aimed to investigate the efficacy and safety of
adding phosphate to the dialysate and replacement solutions to treat hypophosphatemia occur-
ring in intensive CRRT in critically ill patients.
Methods: We retrospectively analyzed 73 patients treated with intensive CRRT (effluent flow
�35ml/kg/hr) in the intensive care unit. The control group (group 1, n¼ 22) received no phos-
phate supplementation. The treatment groups received dialysate and replacement solution phos-
phate supplementation at 2.0mmol/L (group 2, n¼ 26) or 3.0mmol/L (group 3, n¼ 25).
Results: The CRRT-induced hypophosphatemia incidence was 59.0%. Correction of hypophospha-
temia with phosphate supplementation changed the mean serum phosphorus levels to
1.24 ±0.37 and 1.44±0.31mmol/L in groups 2 and 3, respectively (p¼ .02). The time required for
correction was 1.65±0.80 and 1.39 ±1.43days for groups 2 and 3, respectively and was signifi-
cantly longer in group 2 (p¼ .02). After supplementation, hypophosphatemia, and hyperphos-
phatemia both occurred in 7% of group 2. Group 3 developed no hypophosphatemia, but 20%
developed hyperphosphatemia. The serum phosphate levels in hyperphosphatemia cases
returned to normal within 2.0 days (group 2) and 1.0 day (group 3) after stopping phosphate
supplementation.
Conclusion: Phosphate supplementation effectively corrected CRRT-induced hypophosphatemia
in critically ill patients with an acute kidney injury. The use of 2mmol/L phosphate is appropriate
in patients with CRRT-induced hypophosphatemia, but a different concentration could be
required to prevent hypophosphatemia at the start of CRRT.
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Introduction

In the intensive care unit (ICU), continuous renal replace-
ment therapy (CRRT) plays a crucial role in treating acute
kidney injury (AKI) accompanying severe electrolyte
imbalance or acid-base disorder. However, complications
may occur during CRRT, including hypophosphatemia,
various types of electrolyte imbalances, acid-base imbal-
ances, hypotension, infection, bleeding, and hypother-
mia [1,2]. The incidence of hypophosphatemia during
CRRT is wide-ranging across studies, from 27 to 78%
[3–6]. Hypophosphatemia is relatively tolerable in chron-
ically ill patients but can cause respiratory muscle failure
and prolonged respiratory failure in critically ill patients,
if severe [7]. Moreover, hypophosphatemia is reported to

be an independent predictor of mortality in some

patient groups such as patients with sepsis [8].

Therefore, the prevention and treatment of hypophos-

phatemia in CRRT patients is highly important. Much

research has been conducted on the prevention of hypo-

phosphatemia and adding phosphate to dialysate and

replacement solution has been found to be relatively

effective [9–11]. However, even if commercialized phos-

phate-containing dialysis solutions (e.g., PhoxilliumVR ) are

used, CRRT-induced hypophosphatemia cannot be com-

pletely prevented [12,13].
The likelihood of hypophosphatemia occurrence is

greater in intensive CRRT, as the CRRT duration is
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longer and the CRRT dose is higher [14–16]. According
to two high-quality multi-center randomized controlled
trials (RCTs) conducted to compare intensive CRRT (pre-
scribed dose over 35mL/kg/hr) and less intensive CRRT
(conventional dose), an increase of CRRT dose to
35–40mL/kg/hr induced a higher frequency of hypo-
phosphatemia, but did not increase survival [17,18].
Based on such study results, recent clinical practice
guideline (CPG) has recommended an adequate CRRT
delivered a dose of 20–25mL/kg/hr [19]. However, in
some patients like postsurgical AKI patients, intensive
CRRT may reduce the risk of mortality [20]. A higher
dose CRRT may also help some patients in a hypercata-
bolic state [21]. For instance, severe metabolic acidosis
patients (pH <7.1) may temporarily require an effluent
flow rate >40mL/kg/hr for effective correction of acid-
osis. However, it is not known how best to correct
hypophosphatemia occurring in such intensive CRRT.

The purpose of the present study was to evaluate
the efficacy and safety of phosphate supplementation
used to treat hypophosphatemia occurring during
intensive CRRT in critically ill patients.

Materials and method

We conducted a retrospective analysis of 73 AKI
patients who underwent CRRT at the Konkuk University
Medical Center ICU between 2009 and 2013. Only
patients over 18 years of age were included. The exclu-
sion criteria were as follows: a prescribed dose of CRRT
<35mL/kg/hr, a duration of CRRT <72 h, the presence
of hypophosphatemia before CRRT, the presence of
end-stage renal disease (ESRD) requiring dialysis before
the ICU stay, and a treatment history of intravenous
supplementation of phosphate during the ICU stay. The
patients were divided into three groups based on phos-
phate supplementation, comprising the control group
(group 1) and two treatment groups (group 2 and 3).
The control group (n¼ 22) included patients with no
phosphate supplementation. Treatment groups included
patients in whom 2.0mmol/L phosphate was supple-
mented to dialysate and replacement solution (group 2,
n¼ 26), and patients in whom 3.0mmol/L phosphate
was supplemented (group 3, n¼ 25). All clinical and
laboratory data were collected from the electrical med-
ical record (EMR) database of the research hospital.

Hypophosphatemia treatment protocols changed
during the course of the study. During the first year of
the study period, phosphate supplementation was pro-
vided via intravenous route for severe hypophosphate-
mia only. Mild and moderate hypophosphatemia were
closely observed without providing phosphate

supplementation (Period 1). From the second year on, if
patients presented with mild hypophosphatemia, phos-
phate was added to dialysate and replacement solu-
tions (Period 2). For phosphate supplementation,
PhostenVR (JW Pharmaceutical, Seoul, Korea) was used, a
monobasic potassium phosphate product containing
619.09mg (20mmol) of phosphate and 780mg
(20mmol) of potassium (Kþ) per 20mL vial. The phos-
phorus level of the dialysate and replacement solution
was 2mmol/L or 3mmol/L. If the serum phosphorus
level measured in the morning was 1.78mmol/L or
higher, phosphate supplementation was not provided.
Hypophosphatemia was defined as mild (<0.81mmol/L,
<2.50mg/dL), moderate (<0.61mmol/L, <1.90mg/dL),
or severe (<0.32mmol/L, <1.00mg/dL), and hyperphos-
phatemia was defined as serum phosphorus levels
>1.78mmol/L.

CRRT was administered using PRISMA CRRT equip-
ment (Gambro, Lundia AB, Lund, Sweden) and ST 100
filter (Gambro, 1.0 m2, AN69 membrane). Hemosol B0
solution (Gambro) was used as a dialysate and replace-
ment fluid solution (Supplementary Table 1). The pre-
scribed effluent flows ranged from 30–35mL/kg/hr
based on the patients’ weight before the onset of AKI.
In cases of hypercatabolic state and severe hyperkale-
mia or metabolic acidosis, the prescribed dose was
35mL/kg/hr. The blood flow rate was maintained at
150mL/min or higher. Heparin or Nafamostat mesilate
was used as an anticoagulant depending on the pre-
scription from the physician. In all patients, serum ana-
lytes (P, Ca, Na, K, albumin, lactate, etc.) were regularly
measured during CRRT. Serum levels of P, Ca, and K
were checked daily at 5 AM and before CRRT.
Additional blood testing was performed, if necessary.
The biochemistry tests were performed by the
Diagnostic Testing Department of Konkuk University
Medical Center, using TBA 200FR-neo (TOSHIBA,
Otawara-shi, Japan) and reagents manufactured by
SEKISU (Tokyo, Japan). The reference ranges used for
serum P, Ca, and K levels were 0.81–1.78, 2.0–2.7, and 3.
5–5.5mmol/L, respectively.

The study was approved by the Human Research
Ethics Committee at Konkuk University Medical Center
(No. KUH1010350) and registered online with the Clinical
Research Information Service (CRIS) (N. KCT0001341).

Variables

The endpoint was the incidence of hypophosphatemia
or hyperphosphatemia following phosphate supplemen-
tation. Additionally, the incidence of CRRT-induced hypo-
phosphatemia, the time for hypophosphatemia to occur
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during CRRT, serum phosphorus level after it returned to
normal following phosphate supplementation, and
CRRT-induced changes in serum K and Ca
were examined.

Statistical analysis

Data are reported as mean± SD. Statistical analysis was
performed using IBM SPSS version 22 (IBM Inc.,
Armonk, NY). Comparison of categorical variables was
performed by chi-square test or Fisher’s exact test.
Continuous variables were analyzed by Student t-test or
Mann–Whitney U-test. The means of the three groups
were compared using analysis of variance (ANOVA). All
analyses were 2-tailed. p values <.05 were considered
statistically significant.

Results

A total of 73 patients with AKI requiring CRRT were
included in the final analysis. The baseline demograph-
ics and characteristics of the patients are summarized
in Table 1. The mean age for patients of the study
cohort was 65.05 ± 12.22 years, and 40 patients (54.8%)
were male. The effluent flow prescribed was 35mL/kg/
hr. The total CRRT running time for all patients was
12877.5 h and the downtime period was 3303.0 h,
accounting for 25.6% of the total treatment period. The
patients were divided into 3 groups for analysis. Group
1 (control group, n¼ 22) included patients with no
phosphate supplementation during Period 1. Group 2
(treatment group with 2.0mmol/L phosphate, n¼ 26)
included patients in whom 2.0mmol/L phosphate was
supplemented to dialysate and replacement solution

during Period 2, and group 3 (treatment group with
3.0mmol/L phosphate, n¼ 25) included patients in
whom 3.0mmol/L phosphate was supplemented during
Period 2. The patients were divided into three groups
for analysis. Group 1 (control group, n¼ 22) included
patients with no phosphate supplementation during
Period 1. Group 2 (treatment group with 2.0mmol/L
phosphate, n¼ 26) included patients in whom
2.0mmol/L phosphate was supplemented to dialysate
and replacement solution during Period 2, and group 3
(treatment group with 3.0mmol/L phosphate, n¼ 25)
included patients in whom 3.0mmol/L phosphate was
supplemented during Period 2.

The three groups did not show significant differen-
ces in sex, age, incidence of ventilator use, length of
ICU stay, Acute Physiology and Chronic Health
Evaluation (APACHE II) score, total treatment time of
CRRT, downtime of CRRT and underlying disease
(Table 1).

The indications of intensive CRRT are shown in
Table 2.

The three groups also did not show a significant dif-
ference in laboratory variables prior to CRRT.
Specifically, the mean serum P levels prior to CRRT
were 1.64 ± 0.58, 1.56 ± 0.54, and 1.39 ± 0.75mmol/L in

Table 1. Clinical characteristics of the patients at the time of initiation of continuous renal replacement
therapy (CRRT).

Group 1
(n¼ 22)

Group 2
(n¼ 26)

Group 3
(n¼ 25)

X2/F pN (%) / mean ± standard deviation

Sex
Male 13 (59.1) 11 (42.3) 16 (64.0) 0.91 .89
Female 9 (40.9) 15 (57.7) 9 (36.0)

Age (years) 65.85 ± 11.20 66.65 ± 12.34 62.65 ± 13.12 0.48 .63
Number of patients on ventilators 16 (72.7) 12 (46.1) 16 (64.0) 2.46 .12
ICU duration (days) 31.55 ± 20.41 45.65 ± 50.23 33.45 ± 22.65 1.30 .29
APACHE II score 21.83 ± 4.49 24.80 ± 6.53 27.71 ± 6.55 1.59 .24
Duration of CRRT (days) 6.12 ± 3.15 7.73 ± 3.46 6.76 ± 3.24 1.45 .26
Down time of CRRT (hrs) 43.32 ± 54.20 46.5 ± 55.25 45.76 ± 55.57 0.02 .97
Risk for refeeding syndrome 5 (22.7) 3 (11.5) 4 (16.0) 0.53 .59
Severe sepsis 9 (40.9) 15 (57.6) 11 (44.0) 0.02 .97
Underlying disease
Cardiovascular disease 6 (27.3) 9 (34.6) 2 (8.0) 0.65 .88

Renal disease 5 (22.7) 5 (19.2) 9 (36.0)
Liver disease 2 (9.1) 2 (7.7) 2 (8.0)
Gastrointestinal disease 1 (4.5) 0 (0.0) 2 (8.0)
Others 8 (33.4) 10 (38.5) 10 (40.0)

Table 2. Indications of continuous renal replacement ther-
apy (CRRT).

Indications

Group 1
(n¼ 22)

Group 2
(n¼ 26)

Group 3
(n¼ 25)

N (%)

Acute kidney injury (AKI) with hyperkalemia 6 (27.3) 3 (11.5) 6 (20.0)
AKI with metabolic acidosis 11 (50.0) 14 (53.8) 13 (52.0)
AKI with hyperkalemia and metabolic acidosis 3 (13.6) 4 (15.4) 4 (16.0)
AKI with hypercatabolic state 2 (9.1) 2 (7.7) 1 (4.0)
AKI with others 0 (0.0) 3 (11.5) 1 (4.0)
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groups 1, 2, and 3, with no significant difference
between groups (Table 3).

In all groups, serum phosphorus levels decreased
after initiation of CRRT. Thirteen (59.0%) of 22 patients
in group 1 had hypophosphatemia episodes during
CRRT therapy. The incidence of mild and moderate
hypophosphatemia was 54.5% and 45.5%, respectively.
The onset of hypophosphatemia from the initiation of
CRRT was, on average, 2.63 ± 2.44 days in group 1,
2.04 ± 2.16 days in group 2, and 2.24 ± 2.45 days in
group 3; no significant difference was observed among
the groups. At the onset of hypophosphatemia, the
mean serum P level was 0.72 ± 0.11, 0.69 ± 0.12, and
0.72 ± 0.12mmol/L in groups 1, 2, and 3. The serum P
levels at the point of first occurrence of hypophospha-
temia were approximately 0.82 ± 0.66mmol/L lower
than the baseline levels prior to CRRT in all groups.

The serum P level after correction of hypophospha-
temia was 1.24 ± 0.37mmol/L and 1.44 ± 0.31mmol/L in
group 2 and group 3, respectively, and was significantly
lower in group 2 (p¼ .02). The time required for correct-
ing hypophosphatemia with phosphate supplementa-
tion was 1.65 ± 0.80 days for group 2 and
1.39 ± 1.43 days for group 3 and was significantly longer
in group 2 than group 3 (p¼ .02) (Table 4).

After phosphate supplementation, hypophosphate-
mia developed in 2/26 (7%) and hyperphosphatemia
occurred in 2/26 (7%) in group 2. No hypophosphate-
mia was seen in group 3, but hyperphosphatemia
developed in 5/25 (20%). When hyperphosphatemia
occurred following phosphate supplementation, the
serum P level was not statistically different between

groups 2 and 3 (2.00 ± 0.08 vs. 2.06 ± 0.06mmol/L,
p¼ .54). When phosphate supplementation was
stopped due to hyperphosphatemia, the level returned
to normal within 2.0 days in group 2 and 1.0 day in
group 3 (p¼ .17), and there was no statistically signifi-
cant difference in serum P levels between the groups
(group 2 vs. 3; 1.53 ± 0.28 vs. 1.20 ± 0.14mmol/L,
p¼ .23). The overall mean serum P level during the total
duration of CRRT was significantly different across the
three groups at 0.88 ± 0.34, 1.22 ± 0.16, and
1.36 ± 0.17mmol/L in groups 1, 2, and 3, (p< .0001)
(Figure 1).

The mean serum Ca level before initiation of CRRT
was 1.99 ± 0.29, 2.04 ± 0.29, and 1.92 ± 0.29mmol/L in
groups 1, 2, and 3, and these were not statistically dif-
ferent (p¼ .77). However, the overall mean serum Ca
level during CRRT was statistically different among the
three groups (2.78 ± 0.13, 2.17 ± 0.05, and
2.18 ± 0.12mmol/L in groups 1, 2, and 3, p¼ .01)
(Figure 2).

Serum K level was not statistically different among
the groups either before initiation of CRRT (p¼ .40) or
during CRRT (p¼ .07). The mean serum K level prior to
CRRT was 4.88 ± 1.17, 4.49 ± 0.61, and 4.52 ± 0.75mmol/
L in groups 1, 2, and 3, and the overall mean serum K
level during CRRT was 3.86 ± 0.43, 3.99 ± 0.23, and
4.14 ± 0.30mmol/L in groups 1, 2, and 3 (Figure 3).

Discussion

The results of this study demonstrated that hypophos-
phatemia frequently occurred during intensive CRRT

Table 3. Biochemistry profiles prior to continuous renal replacement therapy (CRRT).

Parameter
Group 1
(n¼ 22)

Group 2
(n¼ 26)

Group 3
(n¼ 25) F p

P (mmol/L) 1.64 ± 0.58 1.56 ± 0.54 1.39 ± 0.75 1.96 .16
Ca (mmol/L) 1.99 ± 0.28 2.04 ± 0.52 1.93 ± 0.31 0.26 .76
K (mmol/L) 4.87 ± 1.13 4.50 ± 0.92 4.58 ± 0.84 1.50 .23
Na (mmol/L) 134.45 ± 7.23 134.11 ± 7.45 136.33 ± 5.96 1.44 .24
Blood urea nitrogen (mg/dL) 64.52 ± 32.62 63.94 ± 27.22 52.56 ± 24.53 1.46 .24
Cr (mg/dL) 4.20 ± 2.12 3.70 ± 1.91 3.91 ± 2.14 0.59 .62
Hb (g/dL) 10.57 ± 1.90 10.15 ± 1.72 9.94 ± 2.09 0.91 .43
Hct (%) 31.10 ± 5.40 29.83 ± 5.04 29.11 ± 5.54 0.70 .40
PLT (�103/mL) 111.70 ± 71.76 90.25 ± 71.33 120.11 ± 63.84 1.21 .29

Table 4. Patterns of hypophosphatemia during continuous renal replacement therapy (CRRT).
Group 1 (n¼ 22) Group 2 (n¼ 26) Group 3 (n¼ 25)

X2/F pN (%)/mean ± standard deviation

Serum P levels before CRRT (mmol/L) 1.64 ± 0.58 1.56 ± 0.54 1.39 ± 0.75 1.96 .16
Serum P levels at onset of hypophosphatemia (mmol/L) 0.72 ± 0.11 0.69 ± 0.12 0.72 ± 0.12 0.39 .66
DP� 0.92 ± 0.47 0.87 ± 0.42 0.67 ± 0.63 0.48 .78
Onset time of hypophosphatemia during CRRT (days) 2.63 ± 2.44 2.04 ± 2.16 2.24 ± 2.45 0.62 .54
Serum P levels after correction of hypophosphatemia (mmol/L) N/A 1.24 ± 0.37 1.44 ± 0.31 4.86 .02
The time required for correcting hypophosphatemia (days) N/A 1.65 ± 0.80 1.39 ± 1.43 6.22 .02
�DP: Serum P levels before CRRT – Serum P levels at onset of hypophosphatemia.
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and could be effectively corrected by the addition of
phosphate supplementation to the dialysate and
replacement solutions at a concentration of 2.0mmol/L
or 3.0mmol/L. CRRT is highly effective in urea clearance
but commonly causes hypophosphatemia because it
clears phosphate simultaneously. In particular, a higher
effluent flow rate and a prolonged period of CRRT
increase the incidence of CRRT-induced hypophospha-
temia [14–16]. In the present study, hypophosphatemia
occurred approximately 2.30 days after CRRT was

initiated. The mean serum phosphorus level at the time
when hypophosphatemia first occurred was approxi-
mately 0.71mmol/L, which was an average decrease of
0.82mmol/L from the pre-CRRT level. The incidence of
hypophosphatemia was approximately 59.0%, showing
a discrepancy from existing studies. A multi-center RCT
conducted with 1508 patients (the RENAL Replacement
Therapy Study) reported an incidence of hypophospha-
temia of 65% in the higher-intensity CRRT group (an
effluent flow of 40mL/kg/hr) [17], an incidence higher
than the current study finding. However, in another
large-scale multi-center study (the ATN study) the inci-
dence of hypophosphatemia was 17.6% in the intensive
therapy group, which is lower than the result of the
present study [18]. It is speculated that the incidence of
hypophosphatemia in the present study was different
from the findings of the large-scale RCTs due to varia-
tions in the patient populations and prescribed doses
of CRRT. The RENAL study, in contrast to the present
study, included patients with post-dilution continuous
venovenous hemodiafiltration (CVVHDF) only. In add-
ition, the dose prescribed for the high-intensity group
in the RENAL study was 40mL/kg/hr, higher than in the
present study. In the ATN study, the prescribed dose for
the high-intensity group was 35mL/kg/hr, the same as
in the present study, however, the group included not
only patients with pre-dilution CVVHDF but also those
undergoing intermittent hemodialysis or sustained low-
efficiency dialysis. These differences are believed to
have caused the incidence of hypophosphatemia in the
present study to be lower, compared to the RENAL
study, and higher compared to the ATN study.

Despite the difference in incidence across the studies,
a common conclusion is that hypophosphatemia is more
likely to occur at a high CRRT dose. In the RENAL study,
the incidence of hypophosphatemia was significantly
higher in the higher-intensity CRRT group (with an efflu-
ent flow of 40mL/kg/hr) than in the lower-intensity CRRT
group (25mL/kg/hr) (65% vs. 54%, p< .001). In the ATN
study too, the incidence was significantly higher in the
intensive therapy group compared to the less-intensive
therapy group (17.6% vs. 10.9%, p¼ .001). Accordingly,
the occurrence of hypophosphatemia during intensive
CRRT should receive more attention.

On the other hand, it is common for critically ill
patients to receive intensive CRRT. Earlier studies
reported that 35mL/kg/hr of ultrafiltration (in post-dilu-
tion) had a positive impact on survival compared with
20mL/kg/hr of ultrafiltration [22]. However, several
RCTs that compared intensive and less intensive CRRT
failed to observe a clear beneficial effect of a higher
dose on mortality or kidney function recovery [17,18].

Figure 1. Changes in serum P level during CRRT.

Figure 2. Changes in serum Ca level during CRRT.

Figure 3. Changes in serum K level during CRRT.
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The ATN study compared standard-intensity predilution
CRRT (a prescribed effluent flow of 20mL/kg/hr) and a
high-intensity CRRT (35mL/kg/hr) and did not find a
between-group difference in the outcome. The RENAL
Study compared a conventional dose post-dilution
CRRT (25mL/kg/hr) and a high-intensity CRRT (40mL/
kg/hr), and there was no difference between the two
groups. These findings are the evidence suggesting
that increasing CRRT dose to effluent flow higher than
25mL/kg/hr does not provide additional benefits like
reduced mortality. Hence, The Kidney Disease:
Improving Global Outcome (KDIGO) Clinical Practice
Guideline for AKI has recommended a delivered efflu-
ent flow of 20–25mL/kg/hr [19] . A treatment down-
time, however, is inevitable in clinical practice whether
it is due to a scheduled or unscheduled interruption.
Thus, the delivered dose is always lower than the pre-
scribed dose. Indeed, in the RENAL study, the delivered
dose was decreased by 12–16% compared to the pre-
scribed dose [17]. Therefore, to ensure a delivered dose
of 20–25mL/kg/hr, it may be necessary to prescribe
approximately 25–30mL/kg/hr, and it is also necessary
to minimize CRRT downtime to 4 h per day or less.

In the above-mentioned several clinical trials, it has
been demonstrated that increasing CRRT dose does not
improve the survival rate of a critically ill patient with
AKI. However, this finding does not necessarily imply
that CRRT dose is not important. Some patients may
require a higher CRRT dose than generally recom-
mended. They include critically ill hypercatabolic patients
(e.g., burn injury or tumor lysis syndrome), patients who
need an urgent correction of severe hyperkalemia or
metabolic acidemia, and rhabdomyolysis patients in
whom myoglobin should be rapidly removed [21].
Particularly in postsurgery AKI patients, high-intensity
CRRT reduces the risk of death [20]. In other words, CRRT
should not be administered uniformly at a fixed dose of
20–25mL/kg/hr in all patients. Rather, the dose should
be determined dynamically according to patient status.
In 2016, the Acute Disease Quality Initiative (ADQI)
Consensus Group proposed that CRRT doses should be
dynamic, in recognition of between- and within-patient
variation in targeted solute control or unintended solute
clearance [21]. Regardless of the reason for administering
high-intensity CRRT, hypophosphatemia is more likely to
occur in comparison to less intensive CRRT, and it is
associated with poor outcome, including prolonged
respiratory failure. Therefore, appropriate approaches to
prevent and treat CRRT-induced hypophosphatemia
are necessary.

In general, hypophosphatemia is corrected by phos-
phate supplementation in patients who complain of

symptoms or show severe hypophosphatemia [23].
Recently, however, it has been reported that even mild
hypophosphatemia is associated with poor outcome.
Suzuki et al. reported that hypophosphatemia
<0.6mmol/L increased the incidence and duration of
mechanical ventilation [24]. Demirjian et al. found that
serum phosphorus <2mg/dL (0.67mmol/L) during
CRRT was associated with an increased need for trache-
ostomy [3]. Lim et al. reported that the risk of pro-
longed mechanical ventilation (�7 days) was increased
even in patients whose serum phosphorus was
<2.9mg/dL (0.94mmol/L) during CRRT [adjusted OR
14.0, 95% CI (1.37, 143.90), p¼ .03] [7]. Therefore,
aggressive prevention and treatment is required even
in mild hypophosphatemia during CRRT. The present
study examined patients undergoing high-intensity
CRRT with the prescribed dose of 35mL/kg/hr for vari-
ous reasons. Accordingly, the study is of significance in
that it proposed an approach of CRRT-induced hypo-
phosphatemia treatment in patients undergoing inten-
sive CRRT for reasons including postsurgery AKI.

There are several approaches for phosphate repletion
to prevent hypophosphatemia in CRRT patients.
Phosphate may be administered via the oral, enteric, or
intravenous route. During CRRT, through intravenous sup-
plementation, it is not easy to maintain serum phos-
phorus at a stable level or to predict the change in serum
phosphorus level. Recently, phosphate is mainly added to
dialysate and replacement fluids [9–11]. Santiago et al.
found that the addition of 0.8mmol/L phosphate to
replacement and dialysate solutions reduces the inci-
dence of hypophosphatemia and the need for intraven-
ous phosphate treatment in pediatric patients [10].
Troyanov et al. reported that the addition of 1.2mmol/L
of phosphate to the dialysis fluid and the replacement
fluid could eliminate the episodes of hypophosphatemia
in adult CRRT patients [11]. Recently, it was reported that
commercially prepared phosphate-containing solutions
such as PhoxiliumVR are effective in the prevention of
hypophosphatemia in CRRT patients [12,25,26].

Even with such phosphate repletion regimens, hypo-
phosphatemia during CRRT cannot be completely pre-
vented. Especially in the case of intensive CRRT with a
high effluent flow rate, it is difficult to avoid CRRT-
induced hypophosphatemia. Broman et al. reported
that a hypophosphatemic episode did not occur when
CRRT was administered with PhoxiliumVR (phosphate
1.2mmol/L) as dialysate and replacement fluid.
However, the effluent flow rate was only 18mL/kg/hr in
their study [4]. Pistolesi et al. observed that when CRRT
was administered at a prescribed dialysis dose of
27.0mL/kg/hr, prolonged use of PhoxiliumVR was able to
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induce and/or maintain normophosphatemia in 88% of
the patients after 72 h of CRRT treatment, and in the
whole treatment period, only 4.6% of serum phos-
phorus determinations met the criteria for mild or mod-
erate hypophosphatemia [27]. In contrast, Lim et al.
found that hypophosphatemia occurred in 29.5% of
patients undergoing CRRT with an effluent fluid rate of
33mL/kg/hr, even if 1.0mmol/L phosphate was added
to dialysate and replacement fluids [7]. Accordingly,
during intensive CRRT, phosphate should be supple-
mented at a level much higher than commercialized
phosphate-containing solutions to prevent and treat
hypophosphatemia. In the present study, we added
2mmol/L (group 2) or 3mmol/L (group 3) of phosphate
instead of 1.2mmol/L either to the dialysate or replace-
ment solutions in critically ill patients receiving CRRT
with 35mL/kg/hr of effluent flow rate. Following the
supplementation of 2mmol/L or 3mmol/L of phos-
phate, hypophosphatemia was effectively corrected in
both the groups, with low rates of subsequent hyper-
phosphatemia and hypophosphatemia in either group.
In the present study, hyperphosphatemia was neither
severe nor associated with poor outcome. However, like
hypophosphatemia, hyperphosphatemia can negatively
affect the prognosis of CRRT patients [28], and hence,
the level of phosphate added during CRRT should differ
depending on the serum phosphorus level.

The present study demonstrates the safety and effi-
cacy of phosphate supplementation added to dialysate
and replacement fluids to treat hypophosphatemia in
patients requiring intensive CRRT. However, this was a
relatively small, retrospective study. As such, the con-
clusions of statistical significance testing are limited. In
addition, it was not possible to obtain information on
the delivered dose from the EMR, and this would have
been useful in comparison to the prescribed dose.
Although the study demonstrated that phosphate sup-
plementation may effectively treat hypophosphatemia
once it occurs, phosphate containing solution was not
administered from the initiation of CRRT, and preven-
tion of hypophosphatemia was not demonstrated.
Further, nutritional supplementation which could
impact the occurrences of hypophosphatemia and
hyperphosphatemia were not analyzed. To overcome
these limitations, a large randomized prospective study
should be conducted. In addition, this treatment
approach should be applied with caution in practice.

Conclusion

The addition of 2 mmol/L phosphate to dialysate
and replacement solution effectively corrected

hypophosphatemia during intensive CRRT adminis-
tered with an effluent flow rate of 35mL/kg/h and sta-
bilized serum phosphorus levels. The present study
suggests considerations for determining the optimized
level of phosphate supplementation in the dialysate
and replacement fluids. The use of 2mmol/L phos-
phate is a valid method in hypophosphatemic
patients, but a different concentration of phosphate
could be more appropriate if the aim is to prevent
hypophosphatemia at the start of CRRT.

Acknowledgments

We thank the dialysis unit and ICU nurses of Konkuk
University Medical Center, who contributed greatly to data
collection. This research did not receive any specific grant
from funding agencies in the public, commercial, or not-for-
profit sectors.

Disclosure statement

No potential conflict of interest was reported by the authors.

Data availability statement

The authors confirm that the data supporting the findings of
this study are available within the article.

Geolocation information

Seoul, Korea.

References

[1] Finkel KW, Podoll AS. Complications of continuous
renal replacement therapy. Semin Dial. 2009;22:
155–159.

[2] Akhoundi A, Singh B, Vela M, et al. Incidence of
adverse events during continuous renal replacement
therapy. Blood Purif. 2015;39:333–339.

[3] Demirjian S, Teo BW, Guzman JA, et al.
Hypophosphatemia during continuous hemodialysis is
associated with prolonged respiratory failure in
patients with acute kidney injury. Nephrol Dial
Transplant. 2011;26:3508–3514.

[4] Broman M, Carlsson O, Friberg H, et al. Phosphate-
containing dialysis solution prevents hypophosphate-
mia during continuous renal replacement therapy.
Acta Anaesthesiol Scand. 2011;55:39–45.

[5] Yang Y, Zhang P, Cui Y, et al. Hypophosphatemia dur-
ing continuous veno-venous hemofiltration is associ-
ated with mortality in critically ill patients with acute
kidney injury. Crit Care. 2013;17:R205.

[6] Bellomo R, Cass A, Cole L, et al. The relationship
between hypophosphataemia and outcomes during
low-intensity and high-intensity continuous renal
replacement therapy. Crit Care Resusc. 2014;16:34–41.

RENAL FAILURE 7



[7] Lim C, Tan HK, Kaushik M. Hypophosphatemia in crit-
ically ill patients with acute kidney injury treated with
hemodialysis is associated with adverse events. Clin
Kidney J. 2017;10:341–347.

[8] Shor R, Halabe A, Rishver S, et al. Severe hypophos-
phatemia in sepsis as a mortality predictor. Ann Clin
Lab Sci. 2006;36:67–72.

[9] Santiago MJ, Lopez-Herce J, Munoz R, et al. Stability
of continuous renal replacement therapy solutions
after phosphate addition: an experimental study. Ther
Apher Dial. 2011;15:75–80.

[10] Santiago MJ, Lopez-Herce J, Urbano J, et al.
Hypophosphatemia and phosphate supplementation
during continuous renal replacement therapy in chil-
dren. Kidney Int. 2009;75:312–316.

[11] Troyanov S, Geadah D, Ghannoum M, et al. Phosphate
addition to hemodiafiltration solutions during con-
tinuous renal replacement therapy. Intensive Care
Med. 2004;30:1662–1665.

[12] Godaly G, Carlsson O, Broman M. Broman,
Phoxilium((R)) reduces hypophosphataemia and mag-
nesium supplementation during continuous renal
replacement therapy. Clin Kidney J. 2016;9:205–210.

[13] Morabito S, Pistolesi V, Tritapepe L, et al. Continuous
veno-venous hemofiltration using a phosphate-con-
taining replacement fluid in the setting of regional cit-
rate anticoagulation. Int J Artif Organs. 2013;36:
845–852.

[14] Ratanarat R, Brendolan A, Volker G, et al. Phosphate
kinetics during different dialysis modalities. Blood
Purif. 2005;23:83–90.

[15] Fall P, Szerlip HM. Continuous renal replacement ther-
apy: cause and treatment of electrolyte complications.
Semin Dial. 2010;23:581–585.

[16] Troyanov S, Cardinal J, Geadah D, et al. Solute clear-
ances during continuous venovenous haemofiltration
at various ultrafiltration flow rates using Multiflow-100
and HF1000 filters. Nephrol Dial Transplant. 2003;18:
961–966.

[17] Investigators RRTS, Bellomo R, Cass A, et al. Intensity
of continuous renal-replacement therapy in critically
ill patients. N Engl J Med. 2009;361:1627–1638.

[18] V.N.A.R.F.T N, PM, Palevsky JH, Zhang TZ, et al.
Intensity of renal support in critically ill patients with
acute kidney injury. N Engl J Med. 2008;359:7–20.

[19] Khwaja A. KDIGO clinical practice guidelines for acute
kidney injury. Nephron Clin Pract. 2012;120:c179–c184.

[20] Fayad AI, Buamscha DG, Ciapponi A. Intensity of con-
tinuous renal replacement therapy for acute kidney
injury. Cochrane Database Syst Rev. 2016;10:
CD010613.

[21] Bagshaw SM, Chakravarthi MR, Ricci Z, et al. Precision
continuous renal replacement therapy and solute con-
trol. Blood Purif. 2016;42:238–247.

[22] Ronco C, Bellomo R, Homel P, et al. Effects of different
doses in continuous veno-venous haemofiltration on
outcomes of acute renal failure: a prospective rando-
mised trial. Lancet. 2000;356:26–30.

[23] Geerse DA, Bindels AJ, Kuiper MA, et al. Treatment of
hypophosphatemia in the intensive care unit: a
review. Crit Care. 2010;14:R147.

[24] Suzuki S, Egi M, Schneider AG, et al.
Hypophosphatemia in critically ill patients. J Crit Care.
2013;28:536.e9–19.

[25] Chua HR, Schneider AG, Baldwin I, et al. Phoxilium vs
Hemosol-B0 for continuous renal replacement therapy
in acute kidney injury. J Crit Care. 2013;28:884.e7–14.

[26] Morabito S, Pistolesi V, Tritapepe L, et al. Continuous
venovenous hemodiafiltration with a low citrate dose
regional anticoagulation protocol and a phosphate-
containing solution: effects on acid-base status and
phosphate supplementation needs. BMC Nephrol.
2013;14:232.

[27] Pistolesi V, Zeppilli L, Polistena F, et al. Preventing
continuous renal replacement therapy-induced hypo-
phosphatemia: an extended clinical experience with a
phosphate-containing solution in the setting of
regional citrate anticoagulation. Blood Purif. 2017;44:
8–15.

[28] Jung SY, Kim H, Park S, et al. Electrolyte and mineral
disturbances in septic acute kidney injury patients
undergoing continuous renal replacement therapy.
Medicine (Baltimore). 2016;95:e4542.

8 Y.-H. SONG ET AL.


	Abstract
	Introduction
	Materials and method
	Variables
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	Disclosure statement
	Data availability statement
	Geolocation information
	References 



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects true
	/DownsampleMonoImages true
	/PassThroughJPEGImages false
	/ColorSettingsFile (None)
	/AutoRotatePages /All
	/Optimize true
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Bicubic
	/EmitDSCWarnings false
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/DetectCurves 0.1
	/PDFXTrapped /False
	/ColorImageFilter /DCTEncode
	/TransferFunctionInfo /Preserve
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage true
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


