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Background: Phosphorus-containing dialysis solution is used to prevent hypophosphatemia in patients undergoing continuous 
venovenous hemodiafiltration (CVVHDF). This study evaluated the effect of phosphorus-containing dialysis solution on mortality in pa-
tients undergoing CVVHDF based on changes in phosphorus and red cell distribution width-coefficient of variation (RDW-CV) levels. 
Methods: We included 272 patients with acute kidney injury (AKI) who underwent CVVHDF at the medical intensive care unit from 
2017 to 2019 and classified them according to Phoxilium (Baxter Healthcare Ltd.), as a phosphorus-containing dialysis solution, use 
within 48 hours after CVVHDF initiation. Clinical data were collected at baseline and 48 hours after CVVHDF initiation. The primary 
outcome was all-cause mortality during the follow-up period. 
Results: The non-Phoxilium (NP) group had higher phosphorus and lower RDW-CV levels than the Phoxilium (P) group (phosphorus, 
7.3 ± 4.3 vs. 5.0 ± 2.8 mg/dL; RDW-CV, 14.6 ± 1.9 vs. 15.7 ± 2.6%; all p < 0.001). In the multivariable Cox proportional hazard re-
gression of the NP group, an increase in phosphorus and RDW-CV at 48 hours of CVVHDF was associated with mortality (delta phos-
phorus: median, >0 mg/dL vs. <–2.0 mg/dL; hazard ratio [HR], 8.62; 95% confidence interval [CI], 2.10–35.32; p = 0.003/delta 
RDW-CV: median, >0% vs. <–0.2%; HR, 4.34; 95% CI, 1.49–13.18; p = 0.008). Meanwhile, in the P group, an increase in delta RDW-
CV was associated with mortality (delta RDW-CV: >0% vs. >–0.2% and <0%; HR, 2.65; 95% CI, 1.12–6.24; p = 0.03), while an in-
crease in delta phosphorus was not. 
Conclusion: In patients with AKI undergoing CVVHDF, the risk factors for all-cause mortality differed according to the initial phospho-
rus levels and use of Phoxilium. 

Keywords: Continuous renal replacement therapy, Continuous venovenous hemodiafiltration, Phoxilium, Phosphorus, Red cell distri-
bution width

Original Article
Kidney Res Clin Pract 2021;40(3):457-471
pISSN: 2211-9132 • eISSN: 2211-9140
https://doi.org/10.23876/j.krcp.20.217

Received: November 12, 2020; Revised: April 21, 2021; Accepted: May 11, 2021 
Editor: So-Young Lee, CHA University, Seongnam, Republic of Korea
Correspondence: Sang Heon Song 
Department of Internal Medicine, Pusan National University Hospital, 179 Gudeok-ro, Seo-gu, Busan 49241, Republic of Korea. 
E-mail: shsong0209@gmail.com 
ORCID: https://orcid.org/0000-0002-9471-5976

Da Woon Kim and Hyo Jin Kim contributed equally to this article as co-first authors. 



Introduction 

Electrolyte imbalances, including that of phosphorus, fre-

quently occur during continuous renal replacement therapy 

(CRRT) in critically ill patients with acute kidney injury (AKI) 

[1]. Hypophosphatemia is reported in 11% to 65% of patients 

undergoing CRRT [2]. Severe hypophosphatemia can cause 

respiratory muscle weakness and decreased cardiac output 

[2–4]. Hypophosphatemia occurs when phosphorus is re-

moved via CRRT and the intake of phosphorus is reduced. 

The removal of 57 mmol of phosphorus was observed during 

a single session of continuous venovenous hemodialysis [5]. 

Several studies have been conducted to treat hypophospha-

temia by replacing phosphorus with dialysate and replace-

ment solutions [6–8]. Thus, Phoxilium (Baxter Healthcare 

Ltd., Norfolk, UK), a commercially available phospho-

rus-containing dialysis solution, is now used in patients who 

require phosphorus supplementation during CRRT. 

At present, several prognostic markers for patients on 

CRRT have been described based on cross-sectional and 

retrospective studies [4,9,10]. Among these, hyperphospha-

temia and high red cell distribution width-coefficient of vari-

ation (RDW-CV) are predictors of all-cause mortality [4,9]. 

RDW-CV, expressed as the standard deviation of erythrocyte 

size divided by the mean corpuscular volume, is a measure 

of the variation in the red blood cell volumes. In elderly 

patients with septic shock and an RDW-CV level >15%, the 

continuous increase in RDW-CV is a more useful marker for 

predicting hospital death than the level of RDW-CV itself [11]. 

In previous studies assessing red cell properties and phos-

phorus homeostasis, a correlation was observed between 

CRRT-induced phosphorus depletion and the reduction of 

RBC 2,3-diphosphoglycerate concentration [2,12–14]. 

Phoxilium contains phosphorus but less bicarbonate than 

Hemosol-B0 (Baxter Healthcare Ltd.). In a previous study, 

after 36 to 42 hours of CRRT, Phoxilium increased serum 

phosphorus level, while Hemosol-B0 decreased phosphorus 

level. Additionally, Phoxilium decreased serum bicarbonate 

level further than Hemosol-B0 [15]. Thus, dialysates and re-

placement fluids with phosphorus may affect the prognosis 

of CRRT patients. However, the effect of Phoxilium on prog-

nostic predictors in AKI patients undergoing CRRT has rarely 

been addressed. Therefore, we aimed to evaluate the effect of 

Phoxilium use on prognostic predictors for all-cause mortality 

in AKI patients undergoing CRRT in an intensive care unit 

(ICU) in Korea. 

Methods 

Study design and subjects 

This was a retrospective single-center study. Data from the 

medical records of 1,213 patients who underwent CRRT from 

January 2017 to December 2019 in the ICU of a single-cen-

ter, university-affiliated hospital were reviewed (Fig. 1).  

All patients were older than 18 years. The exclusion criteria 

were as follows: non-internal medicine ICU, history of end-

stage kidney disease requiring maintenance dialysis, active 

malignancies, use of Phoxilium 48 hours after CRRT initia-

tion, and insufficient data. Among the 1,213 patients, only 

272 were included in the analysis after applying the exclu-

sion criteria. Patients were categorized into two groups ac-

cording to the use of Phoxilium within 48 hours after CRRT 

initiation: the non-Phoxilium group (NP group, n = 96) and 

the Phoxilium group using Phoxilium as a dialysate or re-

placement solution or both (P group, n = 176). The compo-

sition of the CRRT fluid is described in Supplementary Table 

1 (available online). Phoxilium is the only phosphorus-con-

taining solution among all dialysates and contains 4 mmol/L 

potassium. Hemosol-B0 contained neither phosphorus nor 

potassium. PrismaSol 2 and PrismaSol 4 (Baxter Healthcare 

Ltd.) contained 2 and 4 mmol/L potassium, respectively. 

Phoxilium contains less bicarbonate and calcium than He-

mosol-B0 or PrismaSol 2 and PrismaSol 4. The dialysate 

and replacement solutions were selected based on serum 

phosphorus and potassium levels according to our hospital 

protocol (Supplementary Table 2, available online).  

The study was approved by the Institutional Review Board 

of Pusan National University Hospital (No. 2005-005-090), 

which waived the requirement for informed patient consent 

because of the retrospective design of the study. All clinical 

investigations were conducted in accordance with the prin-

ciples of the Declaration of Helsinki. 

Clinical data collection and laboratory measurements 

The demographic and clinical data including age, sex, body 

mass index (BMI), causes of AKI, and comorbidities at the 

time of CRRT initiation were reviewed. Laboratory tests were 

performed in all patients at the time of CRRT initiation and 
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48 hours after CRRT initiation. The levels of white blood 

cells, hemoglobin, RDW-CV, albumin, potassium, bicar-

bonate, serum blood urea nitrogen, creatinine, phosphorus, 

calcium, and C-reactive protein (CRP) were measured. The 

Sequential Organ Failure Assessment (SOFA) score and 

Acute Physiology and Chronic Health Evaluation II (APACHE 

II) scores were calculated to assess the severity of the disease 

[16]. Hyperphosphatemia was defined as a phosphorus level 

higher than 4.5 mg/dL and hypophosphatemia as a phos-

phorus level lower than 2.0 mg/dL. 

CRRT protocol 

Among critically ill patients with AKI, patients who had sus-

tained oliguria, uncontrolled volume overload, intractable 

hyperkalemia, severe metabolic acidosis, or other condi-

tions, including uremic encephalopathy, were subjected 

to CRRT according to the discretion of their physicians. All 

patients received continuous venovenous hemodiafiltration 

(CVVHDF) through the internal jugular or femoral vein. 

The Prismaflex (Gambro Lundia AB, Lund, Sweden) CRRT 

machine and AN 69 ST 100 filter set (1.0 m2, Gambro Lundia 

AB) were used. The initial effluent flow rates were 30 to 35 

mL/kg/hr, and additional adjustments were made according 

to the catabolic state or the presence of hyperkalemia and 

metabolic acidosis. The actual delivered dose was calculat-

ed as the mean value of the effluent volume divided by the 

weight of the patient during the entire CRRT period. Down 

time was calculated by adding all the time (hours) for which 

the CRRT was interrupted during the entire CRRT period. 

The patients’ body weights were measured consecutively 

during the CRRT period. The blood flow rate was started at 

150 mL/min and adjusted according to patients’ metabolic 

demands and hemodynamic instabilities. Heparin-free, 

heparin, or nafamostat mesylate were selected to maintain 

patency of the extracorporeal circuit while minimizing pa-

tient complications according to the bleeding risks of the 

patients. 

1,213 Patients undergoing CRRT
January, 2017–December, 2019

Final eligible patients (n = 272)

Non-Phoxilium group (n = 96) Phoxilium group (n = 176)

Excluded (n = 941)
Non-internal medicine intensive care unit department (n = 422)

ESKD on dialysis (n = 133)
Active malignancies (n = 135)

Insufficient data (n = 195)
Phoxilium use after 48 hr of CRRT start (n = 56)

Delta 
phosphorus 

group
Decreased

(n = 54)
Stable

(n = 27)
Increased
(n = 11)

Insufficient 
data

(n = 4)

Delta
RDW-CV 

group
Decreased

(n = 23)
Stable

(n = 27)
Increased
(n = 46)

Delta 
phosphorus 

group
Decreased

(n = 64)
Stable

(n = 71)
Increased
(n = 35)

Insufficient 
data

(n = 6)

Delta
RDW-CV 

group
Decreased

(n = 41)
Stable

(n = 37)
Increased
(n = 98)

Figure 1. Flow chart of patient selection.
CRRT, continuous renal replacement therapy; ESKD, end-stage kidney disease; RDW-CV, red cell distribution width-coefficient of 
variation.

Kim, et al. Phoxilium’s effects on patients undergoing CVVHDF

459www.krcp-ksn.org



Outcomes 

Patients were followed until February 2020. The primary 

outcome of the study was all-cause mortality during the fol-

low-up period. 

Statistical analysis 

Continuous variables were expressed as the mean ± stan-

dard deviation or median (interquartile range), while cate-

gorical variables were expressed as number (percentage). 

Comparisons between the two groups were performed using 

Student t test or the Mann-Whitney U test for continuous 

variables and the chi-square test for categorical variables. 

Cumulative patient survival curves were derived using the 

Kaplan-Meier method, and the differences between the 

curves were analyzed using the log-rank test. The Cox pro-

portional hazards model was used to determine the hazard 

ratio (HR) of variables related to mortality in the univariable 

and multivariable analyses. Variables were selected for 

multivariate analysis according to the study’s interest and 

were serially adjusted. The results are reported as HR and 

95% confidence interval (CI). We applied the same univari-

able and multivariable Cox proportional hazard regression 

analyses to variables at 0 and 48 hours of CRRT in the NP 

and P groups. Variables in the multivariable Cox regression 

analysis were sequentially entered into three models. Model 

1 was unadjusted. Model 2 was adjusted for age, sex, BMI, 

phosphorus level, and RDW-CV. In model 3, the SOFA score 

as well as bicarbonate and albumin levels were added to 

the covariates in model 2. We also categorized patients into 

three groups according to the changes in phosphorus and 

RDW-CV levels over a 48-hour period after CRRT initiation: 

delta phosphorus = phosphorus measured at 48 hours (re-

ferred to as phosphorus_48hr) – 0 phosphorus measured at 

0 hr (referred to as phosphorus_0hr) and delta RDW-CV = 

RDW-CV at 48 hours (referred to as RDW-CV_48hr) – RDW-

CV at 0 hr (referred to as RDW-CV_0hr). Delta phosphorus 

groups were categorized as increased (delta phosphorus > 

0), stable (delta phosphorus between median and 0), and 

decreased (delta phosphorus < median). Similarly, delta 

RDW-CV groups were categorized as increased (delta RDW-

CV > 0), stable (delta RDW-CV between median and 0), and 

decreased (delta RDW-CV < median). We divided the stable 

and decreased phosphorus and RDW-CV groups using the 

median values of the changes at –2.0 mg/dL and −0.2%, 

respectively. Then, we performed univariable and multivari-

able Cox proportional hazard regression analysis adjusting 

for the age, sex, BMI, SOFA score, bicarbonate level, and al-

bumin level at 0 hour. All probabilities were two-tailed, and 

the level of statistical significance was defined as p < 0.05. All 

statistical analyses were performed using IBM SPSS version 

20.0 (IBM Corp., Armonk, NY, USA). 

Results 

Baseline clinical characteristics of patients 

The baseline clinical characteristics according to Phoxilium 

use are presented in Table 1. The mean age of patients was 

Table 1. Baseline clinical characteristics according to Phoxilium use
Characteristic All Phoxilium (–) Phoxilium (+) p-value

No. of patients 272 96 176

Age (yr) 67.0 ± 13.6 67.4 ± 12.2 66.7 ± 14.3 0.67

Male sex 161 (59.2) 62 (64.6) 99 (56.3) 0.18

Underlying comorbidity

 Hypertension 157 (57.7) 62 (64.6) 95 (54.0) 0.09

 Diabetes mellitus 141 (51.8) 53 (55.2) 88 (50.0) 0.41

 Cardiovascular disease 138 (50.7) 54 (56.3) 84 (47.7) 0.18

 Liver disease 39 (14.3) 11 (11.5) 28 (15.9) 0.32

Body mass index (kg/m2) 23.3 ± 4.3 23.0 ± 4.2 23.5 ± 4.4 0.36

Systolic blood pressure (mmHg) 113.4 ± 24.5 111.9 ± 18.9 114.2 ± 27.1 0.42

Diastolic blood pressure (mmHg) 65.5 ± 15.1 66.7 ± 12.9 64.9 ± 16.2 0.33

(Continued to the next page)

460 www.krcp-ksn.org

Kidney Res Clin Pract 2021;40(3):457-471



Characteristic All Phoxilium (–) Phoxilium (+) p-value

Mean arterial pressure (mmHg) 81.6 ± 16.1 81.8 ±13.3 81.6 ± 17.5 0.92

Heart rate (beats/min) 97.1 ± 25.5 93.4 ± 24.9 99.2 ± 25.7 0.08

ICU risk factor

 Ventilator use 122 (44.9) 43 (44.8) 79 (44.9) 0.99

 Vasopressor use 166 (61.0) 62 (64.6) 104 (59.1) 0.34

 SOFA_0hr 9.2 ± 3.2 8.7 ± 3.4 9.4 ± 3.1 0.08

 APACHE II score 22.6 ± 6.3 22.9 ± 7.0 22.4 ± 6.0 0.54

 6-Hr urine output before CRRT (mL) 125.0 (37.5–310.0) 110.0 (20.0–300.0) 130.0 (50.0–342.5) 0.24

 CRRT indication (overlapped)

  Sustained oliguria 187 (68.8) 58 (60.4) 129 (73.3) 0.03

  Uncontrolled volume overload 76 (27.9) 22 (22.9) 54 (30.7) 0.17

  Intractable hyperkalemia 38 (14.0) 26 (27.1) 12 (6.8) <0.001

  Severe metabolic acidosis 124 (45.6) 41 (42.7) 83 (47.2) 0.48

  Others 10 (3.7) 7 (7.3) 3 (1.7) 0.02

 Causes of AKI

  Septic 103 (37.9) 24 (25.0) 79 (44.9) 0.001

  Cardiogenic 76 (27.9) 30 (31.3) 46 (26.1) 0.40

  Nephrotoxic 10 (3.7) 6 (6.3) 4 (2.3) 0.10

  Postoperative 5 (1.8) 2 (2.1) 3 (1.7) 0.82

  Others 78 (28.7) 34 (35.4) 44 (25.0) 0.07

CRRT duration (hr) 51.0 (23.8-94.0) 22.0 (14.0–42.8) 70.0 (36.0–122.0) <0.001

Down time (hr) 2.0 (0.0-4.0) 0.0 (0.0–2.0) 3.0 (1.0–7.0) <0.001

Prescribed dose (mL/kg/hr) 38.9 ± 5.6 40.2 ± 6.6 38.1 ± 4.8 0.007

Delivered CRRT dose (mL/kg/hr) 34.9 ± 6.1 35.5 ± 7.8 34.5 ±5.0 0.29

White blood cell (103/µL) 15.0 ± 11.1 14.7 ± 9.0 15.2 ±12.0 0.72

Hemoglobin (g/dL) 10.6 ± 2.9 11.1 ± 3.6 10.3 ± 2.4 0.07

RDW-CV (%) 15.3 ± 2.4 14.6 ±1.9 15.7 ± 2.6 <0.001

Hemoglobin/RDW-CV 0.7 ± 0.2 0.8 ± 0.3 0.7 ± 0.2 0.005

Albumin (g/dL) 3.2 ± 0.8 3.5 ±0.9 3.1 ± 0.6 <0.001

Potassium (mmol/L) 4.7 ± 1.2 5.0 ± 1.5 4.5 ± 1.0 0.001

Arterial pH 7.31 ± 0.13 7.29 ± 0.13 7.32 ± 0.12 0.08

Bicarbonate_(mEq/L) 16.5 ± 6.3 16.2 ± 6.6 16.7 ± 6.1 0.57

BUN (mg/dL) 60.8 ± 37.9 63.2 ± 39.6 59.5 ± 37.0 0.44

Creatinine (mg/dL) 3.6 ± 3.1 4.3 ± 4.3 3.3 ±2.0 0.03

Phosphorus (mg/dL) 5.8 ± 3.6 7.3 ± 4.3 5.0 ± 2.8 <0.001

Calcium (mg/dL)a 8.7 ± 0.8 8.6 ± 0.9 8.8 ± 0.8 0.07

CRP (mg/L) 5.8 (1.9-13.3) 3.3 (0.9–8.1) 7.3 (2.8–16.1) <0.001

Data are expressed as number only, mean ± standard deviation, number (%), or median (interquartile range).
Phoxilium (–): The group of patients who did not receive Phoxilium (Baxter Healthcare Ltd., Norfolk, UK) within 48 hours after CRRT initiation. Phoxilium (+): 
The group of patients who received Phoxilium within 48 hours after CRRT initiation. Down time: duration of unplanned interruption of CRRT therapy during 
which patients could not receive dialysis.
AKI, acute kidney injury; APACHE II, Acute Physiology And Chronic Health Evaluation II; BUN, blood urea nitrogen; CRP, C-reactive protein; CRRT: continuous 
renal replacement therapy; ICU, intensive care unit; RDW-CV, red cell distribution width-coefficient of variation; SOFA, Sequential Organ Failure Assessment.
aCorrected calcium (mg/dL) = measured total calcium (mg/dL) + 0.8 × [4 - measured serum albumin (g/dL)].

Table 1. Continued

67.0 ± 13.6 years, and 161 patients (59.2%) were males. The 

mean arterial pressure was 81.6 ± 16.1 mmHg. A total of 122 

patients (44.9%) received mechanical ventilation. The mean 

SOFA score and APACHE II score were 9.2 ± 3.2 and 22.6 
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± 6.3, respectively. Urine output for 6 hours before CRRT 

initiation was 125.0 mL (37.5–310.0 mL). The delivered 

CRRT dose was 34.9 ± 6.1 mL/kg/hr. Comparing the NP and 

P groups, no significant differences were observed in the 

baseline characteristics of age, sex, BMI, SOFA_0hr score, or 

bicarbonate_0hr (all p > 0.05). In the P group, CRRT duration 

and down time were longer, RDW-CV_0hr and CRP_0hr 

were higher, and albumin_0hr and phosphorus_0hr were 

lower than in the NP group (all p < 0.001). Sepsis was the 

most common cause of AKI in P group, whereas other 

causes, including hypovolemic shock and hepatorenal syn-

drome, were most common in the NP group. 

Clinical characteristics at 48 hours after continuous renal 
replacement therapy initiation according to Phoxilium use 

Clinical characteristics at 48 hours after CRRT initiation ac-

cording to Phoxilium use are presented in Supplementary 

Table 3 (available online). The SOFA_48hr score was higher 

(p = 0.001) and bicarbonate_48hr was lower (p = 0.03) in the 

P group than in the NP group. RDW-CV_48hr was higher in 

the P group (p = 0.005). Phosphorus_48hr decreased to 3.6 

± 2.0 mg/dL in the NP group and to 3.1 ± 1.1 mg/dL in the P 

group. Hyperphosphatemia was found in 10 patients in the 

NP group (10.4%) and 21 patients in the P group (11.9%) at 

48 hours after CRRT initiation. 

All-cause mortality according to baseline clinical pa-
rameters 

The mean follow-up duration was 15.0 days (7.0–25.8 days) 

in the NP group vs. 24.0 days (14.0–38.0 days) in the P group. 

During the follow-up period, 94 patients (34.1%) died, in-

cluding 26 (27.1%) from the NP group and 68 (38.6%) from 

the P group (Supplementary Table 4, available online). The 

Cox regression analysis results for all-cause mortality ac-

cording to the baseline clinical parameters are presented in 

Table 2. The use of Phoxilium within 48 hours after CRRT 

initiation was not a risk factor for all-cause mortality (p = 

0.76). In addition, the additional analysis of Kaplan-Meier 

curves between the groups of patients using Phoxilium as 

dialysate solutions (n = 45), replacement solutions (n = 91), 

and both (n = 40) showed that time to death was not differ-

ent (log-rank p = 0.73). In the NP group, SOFA_0hr (HR, 1.38; 

95% CI, 1.20–1.59; p < 0.001), bicarbonate_0hr (HR, 1.08; 95% 

CI, 1.02–1.15; p = 0.007), and albumin_0hr (HR, 0.50; 95% CI, 

0.29–0.86; p = 0.01) were associated with increased all-cause 

mortality in model 1. RDW-CV_0hr was not a significant risk 

factor for all-cause mortality. In the fully adjusted model 

3, higher SOFA_0hr (HR, 1.38; 95% CI, 1.16–1.64; p < 0.001) 

and higher bicarbonate_0hr (HR, 1.08; 95% CI, 1.00–1.17; p 

= 0.05) were still significantly associated with increased all-

cause mortality. 

In the P group, RDW-CV_0hr (HR, 1.16; 95% CI, 1.06–1.26; 

p = 0.001), SOFA_0hr (HR, 1.13; 95% CI, 1.05–1.22; p = 0.001), 

bicarbonate_0hr (HR, 1.04; 95% CI, 1.00–1.08; p = 0.05), and 

albumin_0hr (HR, 0.52; 95% CI, 0.33–0.81; p = 0.004) were 

associated with increased all-cause mortality in model 1. 

Phosphorus_0hr was not a significant risk factor for all-cause 

mortality. In the fully adjusted model 3, higher SOFA_0hr 

(HR, 1.14; 95% CI, 1.04–1.26; p = 0.005), higher bicarbon-

ate_0hr (HR, 1.05; 95% CI, 1.01–1.09; p = 0.03), and lower 

albumin_0hr (HR, 0.51; 95% CI, 0.29–0.89; p = 0.02) were sig-

nificant risk factors for all-cause mortality, but RDW-CV_0hr 

was not. 

All-cause mortality according to clinical parameters at 
48 hours after continuous renal replacement therapy 
initiation 

The Cox regression analysis results for all-cause mortality 

according to the clinical parameters at 48 hours are present-

ed in Table 3. In the NP group, SOFA_48hr (HR, 1.31; 95% 

CI, 1.12–1.53; p = 0.001) was the only risk factor for all-cause 

mortality in the fully adjusted model 3. In the P group, high-

er RDW-CV_48hr (HR, 1.15; 95% CI, 1.04–1.28; p = 0.008), 

phosphorus_48hr (HR, 1.41; 95% CI, 1.09–1.82; p = 0.009), 

and SOFA_48hr (HR, 1.11; 95% CI, 1.03–1.20; p = 0.009) and 

lower bicarbonate_48hr (HR, 0.92; 95% CI, 0.85–1.00; p = 

0.05) were associated with increased all-cause mortality in 

the fully adjusted model 3. 

All-cause mortality according to changes in clinical pa-
rameters during 48 hours of continuous renal replace-
ment therapy 

Changes in phosphorus and RDW-CV levels during 48 

hours of CRRT were evaluated as risk factors for all-cause 

mortality. As mentioned above, we divided the patients into 

three groups according to the changes in phosphorus and 

462 www.krcp-ksn.org

Kidney Res Clin Pract 2021;40(3):457-471

https://www.krcp-ksn.org/upload/media/j-krcp-20-217suppl3.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-20-217suppl3.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-20-217suppl4.pdf


RDW-CV levels and eventually chose the lowest mortality 

group as a reference group. In the NP group composed of 

96 patients, the numbers of patients in the delta phospho-

rus groups were 54 (decreased group), 27 (stable group), 

and 11 (increased group), while those in the delta RDW-CV 

groups were 23 (decreased group), 27 (stable group), and 46 

(increased group) (Fig. 1). The Kaplan-Meier curve showed 

that the time to death was significantly different in patients 

with changes in phosphorus (Fig. 2A, p < 0.001) and RDW-

CV levels (Fig. 2B, p = 0.009). In the Cox regression model 

after full adjustment, the patients in the increased phos-

phorus group showed an 8.62-fold (95% CI, 2.10–35.32; p = 

0.003) increased risk of all-cause mortality compared with 

the decreased phosphorus group (Table 4). Additionally, 

patients in the increased RDW-CV group (HR, 4.34; 95% CI, 

1.49–13.18; p = 0.008) showed increased all-cause mortality 

compared with the decreased RDW-CV group. 

In the P group composed of 176 patients, the numbers of 

patients in the delta phosphorus groups were 64 (decreased 

group), 71 (stable group), and 35 (increased group), while 

those in the delta RDW-CV groups were 41 (decreased 

group), 37 (stable group), and 98 (increased group) (Fig. 1). 

Table 2. All-cause mortality according to Phoxilium use (initial clinical characteristics)

Variable
Model 1 Model 2 Model 3

HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value

All

 Age 1.00 0.99–1.03 0.25 1.01 0.99–1.03 0.26 1.02 1.00–1.04 0.06

 Male sex 1.13 0.75–1.70 0.57 1.02 0.65–1.59 0.94 1.35 0.85–2.14 0.20

 BMI 0.96 0.91–1.01 0.13 0.96 0.91–1.01 0.14 0.96 0.90–1.01 0.13

 Phoxilium use 1.07 0.68–1.69 0.76

 RDW-CV 1.15 1.06–1.24 <0.001 1.14 1.06–1.23 0.001 1.06 0.97–1.16 0.22

 Phosphorus 0.95 0.88–1.02 0.14 0.95 0.88–1.03 0.19 1.04 0.95–1.13 0.43

 SOFA 1.19 1.12–1.27 <0.001 - - - 1.17 1.09–1.27 <0.001

 Bicarbonate 1.05 1.02–1.09 0.003 - - - 1.05 1.02–1.09 0.005

 Albumin 0.53 0.74–0.98 <0.001 - - - 0.56 0.67–0.87 0.009

Phoxilium (–)

 Age 1.02 0.98–1.06 0.35 1.00 0.96–1.04 0.93 1.00 0.95–1.04 0.86

 Male sex 0.80 0.35–1.84 0.60 0.78 0.33–1.86 0.57 1.28 0.48–3.39 0.63

 BMI 0.97 0.88–1.07 0.54 0.97 0.87–1.07 0.49 0.99 0.89–1.09 0.79

 RDW-CV 1.11 0.92–1.35 0.26 1.08 0.88–1.32 0.46 0.96 0.75–1.24 0.77

 Phosphorus 0.81 0.69–0.96 0.02 0.82 0.70–0.97 0.02 0.90 0.73–1.10 0.29

 SOFA 1.38 1.20–1.59 <0.001 - - - 1.38 1.16–1.64 <0.001

 Bicarbonate 1.08 1.02–1.15 0.007 - - - 1.08 1.00–1.17 0.05

 Albumin 0.50 0.29–0.86 0.01 - - - 0.74 0.36–1.56 0.43

Phoxilium (+)

 Age 1.01 0.99–1.03 0.44 1.01 0.99–1.03 0.50 1.02 0.99–1.04 0.15

 Male sex 1.28 0.79–2.06 0.32 1.18 0.69–2.00 0.55 1.50 0.86–2.60 0.15

 BMI 0.96 0.90–1.02 0.15 0.96 0.90–1.02 0.20 0.95 0.89–1.02 0.18

 RDW-CV 1.16 1.06–1.26 0.00 1.15 1.05–1.26 0.002 1.08 0.97–1.19 0.18

 Phosphorus 1.02 0.93–1.11 0.71 1.01 0.91–1.10 0.91 1.11 1.00–1.23 0.05

 SOFA 1.13 1.05–1.22 0.001 - - - 1.14 1.04–1.26 0.005

 Bicarbonate 1.04 1.00–1.08 0.05 - - - 1.05 1.01–1.09 0.03

 Albumin 0.52 0.33–0.81 0.004 - - - 0.51 0.29–0.89 0.02

Model 1: unadjusted; model 2: age, sex, BMI at intensive care unit admission, and RDW-CV and phosphorus at CRRT initiation; model 3: model 2 + SOFA 
score, bicarbonate, and albumin at CRRT initiation. Phoxilium (–): the group of patients who did not receive Phoxilium (Baxter Healthcare Ltd., Norfolk, UK) 
within 48 hours after CRRT initiation. Phoxilium (+): the group of patients who received Phoxilium within 48 hours after CRRT initiation.
BMI, body mass index; CI, confidence interval; CRRT, continuous renal replacement therapy; HR, hazard ratio; RDW-CV, red cell distribution width-coeffi-
cient of variation; SOFA, Sequential Organ Failure Assessment.
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The Kaplan-Meier curve showed that time to death was 

insignificant with respect to changes in phosphorus levels 

(Fig. 3A, p = 0.56) but was significantly affected by changes 

in RDW-CV levels (Fig. 3B, p = 0.02). In the Cox regression 

model after full adjustment, all-cause mortality did not dif-

fer according to changes in phosphorus levels (Table 4, all 

p > 0.05). Additionally, the increased RDW-CV group (HR, 

2.65; 95% CI, 1.12–6.24; p = 0.03) and the decreased RDW-

CV group (HR, 2.83; 95% CI, 1.16–6.91; p = 0.02) showed in-

creased all-cause mortality compared with the stable RDW-

CV group.  

Discussion 

CRRT is an important treatment modality for AKI in critically 

ill patients. The overall use of CRRT has increased over time, 

and the proportion of CRRT patients among all acute renal 

replacement therapy patients reached 80% after 2014 in 

Korea, which is relatively higher than that seen in other na-

tions [17–19]. In recent studies, the all-cause mortality and 

renal survival rates greatly improved after CRRT initiation 

[17,18]. CRRT contributes to the correction of imbalances in 

electrolytes and mineral parameters as well as acid-base im-

balances. However, significant problems of overcorrection 

Table 3. All-cause mortality according to Phoxilium use (48-hr clinical characteristics)

Variable
Model 1 Model 2 Model 3

HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value

All

 Age 1.00 0.99–1.03 0.25 1.01 0.99–1.03 0.20 1.01 0.99–1.03 0.20

 Male sex 1.13 0.75–1.70 0.57 1.26 0.79–2.02 0.34 1.20 0.71–2.01 0.49

 BMI 0.96 0.91–1.01 0.13 0.95 0.89–1.00 0.047 0.93 0.88–0.98 0.01

 RDW-CV 1.19 1.11–1.29 <0.001 1.22 1.13–1.32 <0.001 1.13 1.03–1.24 0.009

 Phosphorus 1.41 1.25–1.60 <0.001 1.51 1.32–1.72 <0.001 1.36 1.17–1.59 <0.001

 SOFA 1.21 1.14–1.27 <0.001 - - - 1.13 1.03–1.21 <0.001

 Bicarbonate 0.90 0.85–0.95 <0.001 - - - 0.96 0.90–1.01 0.13

 Albumin 0.65 0.41–1.01 0.06 - - - 0.86 0.52–1.42 0.55

Phoxilium (–)

 Age 1.02 0.98–1.06 0.35 1.02 0.98–1.06 0.46 1.03 0.99–1.08 0.19

 Male sex 0.80 0.35–1.84 0.60 1.12 0.45–2.78 0.80 1.59 0.53–4.81 0.41

 BMI 0.97 0.88–1.07 0.54 0.92 0.83–1.03 0.14 0.89 0.79–1.01 0.07

 RDW-CV 1.21 1.04–1.40 0.01 1.25 1.07–1.46 0.006 1.06 0.85–1.33 0.60

 Phosphorus 1.37 1.17–1.61 <0.001 1.47 1.22–1.76 <0.001 1.20 0.94–1.54 0.15

 SOFA 1.33 1.20–1.47 <0.001 - - - 1.31 1.12–1.53 0.001

 Bicarbonate 0.90 0.83–0.97 0.007 - - - 0.98 0.91–1.06 0.63

 Albumin 0.31 0.13–0.73 0.007 - - - 0.73 0.25–2.08 0.55

Phoxilium (+)

 Age 1.01 0.99–1.03 0.44 1.01 0.99–1.03 0.31 1.01 0.98–1.03 0.53

 Male sex 1.28 0.79–2.06 0.32 1.34 0.76–2.34 0.31 1.27 0.69–2.36 0.44

 BMI 0.96 0.90–1.02 0.15 0.95 0.89–1.02 0.14 0.94 0.88–1.01 0.10

 RDW-CV 1.19 1.11–1.29 <0.001 1.20 1.10–1.32 <0.001 1.15 1.04–1.28 0.008

 Phosphorus 1.43 1.14–1.79 0.002 1.48 1.19–1.85 0.001 1.41 1.09–1.82 0.009

 SOFA 1.17 1.09–1.25 <0.001 - - - 1.11 1.03–1.20 0.009

 Bicarbonate 0.89 0.83–0.96 0.002 - - - 0.92 0.85–1.00 0.05

 Albumin 0.89 0.52–1.53 0.68 - - - 1.11 0.59–2.09 0.74

Model 1: unadjusted; model 2: age, sex, BMI at intensive care unit admission, and RDW-CV and phosphorus at CRRT initiation; model 3: model 2 + SOFA 
score, bicarbonate, and albumin at CRRT initiation. Phoxilium (–): the group of patients who did not receive Phoxilium (Baxter Healthcare Ltd., Norfolk, UK)  
within 48 hours after CRRT initiation. Phoxilium (+): the group of patients who received Phoxilium within 48 hours after CRRT initiation.
BMI, body mass index; CI, confidence interval; CRRT, continuous renal replacement therapy; HR, hazard ratio; RDW-CV, red cell distribution width-coeffi-
cient of variation; SOFA, Sequential Organ Failure Assessment.
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or suboptimal parameter correction are still observed [20]. 

Phoxilium, developed to prevent hypophosphatemia during 

CRRT, has been proven effective and is used contemporar-

ily [15]. The present study retrospectively analyzed the risk 

factors for all-cause mortality in groups divided according to 

Phoxilium use and showed that the baseline characteristics 

and risk factors of all-cause mortality differed by the initial 

phosphorus levels and the use of Phoxilium. 

In patients with AKI treated with CRRT, higher RDW-CV 

and CRP levels and lower albumin levels are generally as-

sociated with all-cause mortality, presenting with severe in-

flammation and malnutrition [9,10]. However, in our study, 

Kaplan-Meier analysis results for all-cause mortality showed 

that CRP_0hr was not a risk factor for all-cause mortality in 

all groups combined (p = 0.99), the NP group (p = 0.995), or 

the P group (p = 0.24). This result might be due to AKI stem-

ming from variable causes other than sepsis. In the P group, 

RDW-CV_0hr and CRP_0hr were higher, CRRT duration was 

longer, and albumin_0hr was lower than those in the NP 

group (all p < 0.001). Although the mean SOFA_0hr score 

Figure 2. Kaplan-Meier plots for all-cause mortality according to changes in phosphorus and RDW-CV levels during 48 hours of 
CRRT in the non-Phoxilium group. We categorized patients into three groups according to the changes in phosphorus and RDW-CV lev-
els between 0 hour and 48 hours: increased, stable, and decreased phosphorus and RDW-CV levels. We divided stable and decreased 
phosphorus and RDW-CV groups using the median value of the changes, –2.0 mg/dL and –0.2%, respectively. In the non-Phoxilium 
group, the Kaplan-Meier curve for all-cause mortality showed that time to death was significantly different in patients with changes in 
phosphorus (Fig. 2A, p < 0.001) and RDW-CV levels (Fig. 2B, p = 0.009).
CRRT, continuous renal replacement therapy; delta phosphorus, changes in phosphorus during 48 hours of CRRT; delta RDW-CV, 
changes in RDW-CV during 48 hours of CRRT; RDW-CV, red cell distribution width-coefficient of variation. Phoxilium: Baxter Healthcare 
Ltd., Norfolk, UK.
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was not significantly different between the two groups, the 

mean SOFA_0hr score in the P group was higher than that in 

the NP group (8.7 ± 3.4 in the NP group vs. 9.4 ± 3.1 in the P 

group, p = 0.08). These results indicated that the P group had 

more severe inflammation and malnutrition status, leading 

to a more severe disease course than the NP group. After 48 

hours of CRRT, SOFA_48hr was higher in the P group than in 

the NP group, which indicated a higher disease severity. 

Hyperphosphatemia is commonly observed in patients 

with AKI due to decreased renal excretion. Additionally, it 

is associated with high mortality because it indicates dis-

ease severity and direct phosphorus toxicity. Within 2 to 3 

days of CRRT, serum phosphorus levels mostly return to the 

normal range via extracorporeal clearance [21]. Thus, if hy-

Table 4. All-cause mortality according to delta phosphorus and delta RDW-CV

Variable
Unadjusted Adjusted

HR 95% CI p-value HR 95% CI p-value

Phoxilium (–)

 Delta P group <0.001 0.01

  Decreased Reference Reference

  Stable 2.93 1.09 –7.90 0.03 2.68 0.86–9.33 0.09

  Increased 10.55 3.95–28.00 <0.001 8.62 2.10–35.32 0.003

 Delta RDW-CV group 0.02 0.13

  Decreased Reference Reference

  Stable 1.17 0.26–5.23 0.84 1.66 0.31–9.04 0.56

  Increased 3.78 1.12–12.79 0.03 4.34 1.49–13.18 0.008

 Age 1.02 0.98–1.06 0.35 0.99 0.95–1.04 0.71

 Male sex 0.80 0.35–1.84 0.60 2.97 0.94–9.44 0.07

 BMI 0.97 0.88–1.07 0.54 0.94 0.84–1.05 0.26

 SOFA 1.11 1.03–1.21 0.007 1.24 1.05–1.47 0.01

 Bicarbonate_0hr 0.96 0.92–1.00 0.05 1.05 0.97–1.13 0.24

 Albumin_0hr 1.70 1.04–2.78 0.04 0.78 0.39–1.55 0.48

Phoxilium (+)

 Delta P group 0.57 0.41

  Decreased Reference Reference

  Stable 0.77 0.44–1.34 0.36 0.68 0.39–1.20 0.18

  Increased 1.03 0.53–1.98 0.94 0.81 0.41–1.61 0.55

 Delta RDW-CV group 0.03 0.06

  Decreased 3.09 1.31–7.33 0.01 2.83 1.16–6.91 0.02

  Stable Reference Reference

  Increased 2.75 1.22–6.20 0.02 2.65 1.12–6.24 0.03

 Age 1.01 0.99–1.03 0.44 1.01 0.99–1.03 0.26

 Male sex 1.28 0.79–2.06 0.32 1.64 0.95–2.86 0.08

 BMI 0.96 0.90–1.02 0.15 0.93 0.88–0.99 0.03

 SOFA 1.08 0.98–1.20 0.12 1.14 1.05–1.25 0.004

 Bicarbonate_0hr 0.87 0.83–0.91 <0.001 1.03 0.99–1.08 0.13

 Albumin_0hr 2.01 1.01–3.99 0.05 0.66 0.40–1.10 0.11

We categorized patients into three groups according to the changes in phosphorus and RDW-CV levels during 48 hours after CRRT initiation using the me-
dian values of the changes, –2.0 mg/dL and –0.2%, respectively. We chose the lowest mortality group as the reference group. Delta phosphorus groups 
were categorized as increased (delta phosphorus > 0), stable (delta phosphorus between median to 0), and decreased (delta phosphorus < median). Del-
ta RDW-CV groups were categorized as increased (delta RDW-CV > 0), stable (delta RDW-CV between median to 0), and decreased (delta RDW-CV < medi-
an). Phoxilium (–): the group of patients who did not receive Phoxilium (Baxter Healthcare Ltd., Norfolk, UK)  within 48 hours of CRRT initiation. Phoxilium (+): 
the group of patients who received Phoxilium within 48 hours of CRRT initiation.
BMI, body mass index; CI, confidence interval; CRRT, continuous renal replacement therapy; HR, hazard ratio; RDW-CV, red cell distribution width-coeffi-
cient of variation; SOFA, Sequential Organ Failure Assessment.
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perphosphatemia is not corrected even after CRRT, the all-

cause mortality risk is expected to increase. In the NP group, 

the increased phosphorus levels, compared with the stable 

or decreased phosphorus levels after 48 hours of CRRT, 

showed significantly higher all-cause mortality risks. In the 

P group, the increased phosphorus levels after 48 hours of 

CRRT showed increased all-cause mortality. Receiver oper-

ating characteristic curve analyses of phosphorus_0hr, phos-

phorus_48hr, and delta phosphorus in the NP and P group 

showed that the area under the curve (AUC) was largest for 

delta phosphorus of the NP group (AUC, 0.774). 

Phosphorus plays an important role in all body functions, 

especially in nerve and muscle functions. If hypophospha-

temia occurs in various conditions, myocardial contraction 

and granulocyte phagocytic activity decrease, and the de-

velopment of arrhythmia increases [22–24]. It has also been 

associated with prolonged mechanical ventilation in criti-

cally ill patients with AKI [3,25]. In several previous studies, 

most of the harmful effects caused by hypophosphatemia 

occurred in patients with very severe phosphorus deficien-

Figure 3. Kaplan-Meier plots for all-cause mortality according to changes in phosphorus and RDW-CV levels during 48 hours of 
CRRT in the Phoxilium group. We categorized patients into three groups according to the changes in phosphorus and RDW-CV levels 
between 0 hour and 48 hours: increased, stable, and decreased phosphorus and RDW-CV levels. We divided stable and decreased 
phosphorus and RDW-CV groups using the median value of the changes, –2.0 mg/dL and –0.2%, respectively. In the Phoxilium group, 
the Kaplan-Meier curve for all-cause mortality showed that time to death was not different in patients with changes in phosphorus (Fig. 
3A, p = 0.56), but it was significantly different in patients with changes in RDW-CV levels (Fig. 3B, p = 0.02).
CRRT, continuous renal replacement therapy; delta phosphorus, changes in phosphorus during 48 hours of CRRT; delta RDW-CV, 
changes in RDW-CV during 48 hours of CRRT; RDW-CV, red cell distribution width-coefficient of variation.  Phoxilium: Baxter Healthcare 
Ltd., Norfolk, UK.
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cies, defined as a level of <1.0 mg/dL. Although hypophos-

phatemia cases increased in number from 11 cases (4.0%) to 

32 cases (11.7%) after 48 hours of CRRT in the present study, 

severe hypophosphatemia did not occur. Thus, in line with 

the results of previous studies, Phoxilium was effective in 

preventing hypophosphatemia in patients with AKI under-

going CRRT [15,26,27]. 

The RDW-CV level is easy to measure and is recognized 

as a marker of adverse outcomes. Inflammation and oxi-

dative stress are thought to be major factors in the patho-

genesis underlying the association between RDW-CV and 

all-cause mortality [28]. Additionally, high RDW-CV levels 

were associated with declining estimated glomerular fil-

tration levels, irrespective of anemia [28]. In some cases, 

pre-treatment high RDW-CV levels were related to prog-

nosis, but in other studies, the dynamic change was related 

to adverse outcomes in patients with sepsis [11,29]. In this 

study, initial RDW-CV was not a significant risk factor for all-

cause mortality in the NP and P groups. However, a higher 

dynamic change in RDW-CV was associated with a higher 

all-cause mortality rate. In the P group, a decreased level of 

delta RDW-CV was a risk factor for all-cause mortality. In the 

comparison of the mean values of RDW-CV_0hr and RDW-

CV_48hr in each delta RDW-CV group, both values in the 

decreased group were significantly higher than those in the 

stable and increased groups (data not shown). Therefore, in 

agreement with the result that higher RDW-CV_48hr is a risk 

factor for all-cause mortality, the increased and decreased 

delta RDW-CV groups showed increased risks of all-cause 

mortality compared to the stable group. 

In this study, initial bicarbonate levels did not differ be-

tween the NP and P groups (16.2 ± 6.6 mEq/L in the NP group 

vs. 16.7 ± 6.1 mEq/L in the P group, p > 0.05). After 48 hours 

of CRRT, bicarbonate levels were higher in the NP group, 

although the mean values of both groups were within the 

normal range (23.1 ± 5.5 mEq/L in the NP group vs. 21.7 ± 4.0 

mEq/L in the P group, p = 0.03). The lower bicarbonate levels 

in Phoxilium than in the other solutions (30 mmol/L in Phox-

ilium vs. 32 mmol/L in Hemosol, PrismaSol 2, and PrismaSol 

4) might have resulted in relatively reduced serum bicarbon-

ate levels [15]. Higher bicarbonate_0hr was associated with 

increased all-cause mortality in both groups, with lower bi-

carbonate_48hr being associated with mortality only in the P 

group. Patients with AKI commonly have metabolic acidosis, 

which is an independent predictor of unfavorable outcomes 

[30–32]. However, as is well known, the serum bicarbonate 

level itself cannot reflect the exact acid-base balance status, 

and compensatory mechanisms should be considered when 

interpreting blood gas analysis. Thus, we conducted further 

analyses of ventilator use and blood gas analysis results in 

Phoxilium groupNon-Phoxilium group

Delta phosphorus

Albumin_0hr

RDW_48hr
Phosphorus_48hr
Bicarbonate_48hr

SOFA_0hr
Bicarbonate_0hr

SOFA_48hr

Delta RDW-CV

Figure 4. Diagram showing risk factors for all-cause mortality in non-Phoxilium and Phoxilium groups.
CRRT, continuous renal replacement therapy; delta phosphorus, changes in phosphorus during 48 hours of CRRT; delta RDW-CV, 
changes in RDW-CV during 48 hours of CRRT; RDW-CV, red cell distribution width-coefficient of variation; SOFA, Sequential Organ Fail-
ure Assessment.  Phoxilium: Baxter Healthcare Ltd., Norfolk, UK.

468 www.krcp-ksn.org

Kidney Res Clin Pract 2021;40(3):457-471



the survivor and non-survivor groups, as shown in Supple-

mentary Table 5 (available online). The non-survivor group 

showed a higher percentage of ventilator use and pCO2_0hr 

(p < 0.001 and p = 0.002, respectively) with higher bicarbon-

ate_0hr (p < 0.001) than the survivor group. Furthermore, the 

additional univariable analysis of Cox regression showed that 

higher pCO2_0hr (HR, 1.04; 95% CI, 1.01–1.06; p = 0.004) and 

bicarbonate_0hr (HR, 1.08; 95% CI, 1.02–1.15; p = 0.007) were 

risk factors for all-cause mortality. 

When interpreting the results above, the combination of 

metabolic and respiratory acidemia seemed to be the main-

stay of blood gas status in the non-survivor group, whereby 

primary metabolic acidemia was prominent in the survivor 

group. Patients with combined acidemia showed higher 

mortality than those with either metabolic or respiratory 

acidemia alone in a critically ill state [33]. Therefore, patients 

showing a mixed disorder of acid-base balance, also referred 

to as having higher pCO2_0hr and bicarbonate_0hr in this 

study, were associated with adverse outcomes. After 48 

hours of CRRT, more severe metabolic acidosis with lower 

bicarbonate levels in the P group was related to adverse out-

comes. 

Hypoalbuminemia is associated with several pathologi-

cal conditions, such as nutritional deficiency and chronic 

inflammation. It is a predictive marker of short- and long-

term mortality in patients undergoing CRRT [10]. This study 

also showed that low initial albumin levels indicated adverse 

outcomes in the NP and P groups. However, after fully ad-

justing for confounding factors, hypoalbuminemia was sig-

nificant only in the P group. This difference seems to be due 

to the different levels of initial albumin between the groups. 

Initial albumin levels were higher in the NP group than in 

the P group (3.5 ± 0.9 g/dL in the NP group vs. 3.1 ± 0.6 g/dL 

in the P group, p < 0.001). As phosphorus reflects nutritional 

status, basal nutritional status was expected to be poor in the 

P group. 

This study had several limitations. Although the analysis 

was performed with appropriate adjustments, the possibility 

of residual confounders due to the retrospective nature of 

the study cannot be excluded. Additionally, most of the pa-

tients were Korean; thus, there is a limitation in applying the 

findings to other races. Compared with Hemosol-B0, Phox-

ilium contributes to relative hypocalcemia and metabolic 

acidosis [15]. Although there are differences in the compo-

sitions of Phoxilium and other dialysate fluids, the changes 

in corrected calcium and bicarbonate levels were not sig-

nificantly different between the NP and P groups. As this is 

a retrospective analysis, efforts to correct hypocalcemia and 

metabolic acidosis with intravenous or oral calcium and bi-

carbonate supplementation were not controlled. Therefore, 

calcium_48hr and bicarbonate_48hr might not reflect solu-

tion differences.  

In conclusion, this study strongly suggests that in patients 

with AKI undergoing CVVHDF, the difference in disease 

severity and risk factors for all-cause mortality is affected by 

the initial phosphorus levels and the use of Phoxilium. Addi-

tionally, the effects of changes in phosphorus and RDW-CV 

levels by short-term CVVHDF using different compositions 

of dialysate fluids on all-cause mortality differed according 

to the initial phosphorus level.  
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