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Vancomycin removal during low-flux and high-flux extended daily hemodialysis 
in critically ill septic patients

Nadezda Petejovaa, Arnost Martineka, Jana Zahalkovab,c, Jana Duricovad, Hana Brozmanovad, Karel Urbaneke,  
Milan Grundmannd, Ivana Kacirovad

Aims. To determine the extent of vancomycin removal and vancomycin pharmacokinetics in septic patients with AKI 
using daily hemodialysis with polysulphone high-flux and low-flux membrane. 
Methods. Five patients received 6 h daily dialysis with low-flux polysulphone membrane, four patients with high-flux 
polysulphone membrane. Vancomycin was administered over the last hour of dialysis. The maintenance dose was 
adjusted based on pre-hemodialysis serum concentrations. Patients were followed up for two days.
Results. Median percentage of vancomycin removal by low-flux membrane dialysis was 17% (8-38%) and by high-flux 
membrane dialysis was 31% (13-43%). Vancomycin clearance was only moderately higher in high-flux membrane di-
alysis (median 3.01 L/h, range 2.34-3.5 L/h) compared to low-flux dialysis (median 2.48 L/h, range 0.53-5.68 L/h) in the 
first day of the study. About two-fold higher vancomycin clearance in high-flux dialysis (median 3.62 L/h, range 1.37-
5.07 L/h) was observed on the second day of the study than low-flux dialysis (median 1.74 L/h, range 0.75-30.94 L/h).
Conclusions. Both high-flux and low-flux membrane dialysis remove considerable amounts of vancomycin in criti-
cally ill septic patients with AKI. Application of vancomycin after each dialysis was required to maintain therapeutic 
concentrations.
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INTRODUCTION

Sepsis and septic shock are frequent causes of pa-
tients’ admission to intensive care units: They often lead 
to multiple organ dysfunction syndrome with acute kid-
ney injury (AKI) (ref.1).The incidence of AKI in septic 
patients is up to 51% and severe AKI requiring RRT (renal 
replacement therapy) occurs in 5% (ref.2). Indications for 
commencing RRT in sepsis – induced AKI are similar 
to other forms of AKI. Other indications for RRT are 
worsening azotemia, refractory volume overload, severe 
metabolic acidosis, uremic encephalopathy and severe 
electrolyte disarray3. In patients with sepsis, sustained oli-
guria or severe metabolic acidosis may be reason enough 
to start RRT as these patients often do not manifest signs 
of azotemia4. Two modalities of RRT are possible in the 
treatment of septic patients with AKI: either intermittent 
hemodialysis (IHD) or continual renal replacement thera-
py (CRRT). Recently, new RRT modalities like the hybrid 
method SLEDD (slow efficiency daily dialysis) and EDD 
(extended daily dialysis) have been used in the treatment 
of critically ill patients. Continual methods are preferred 
in haemodynamically unstable patients. However no dif-

ference in patient survival has been found between CRRT 
or IHD modality in published studies5. Serious infections 
are common in critically ill patients and require rapid 
treatment to limit mortality and morbidity. The Surviving 
Sepsis Campaign recommends that intravenous antibiot-
ics are begun within the first hour after diagnosis of severe 
sepsis and septic shock6. 

Vancomycin is a part of empirical treatment in pa-
tients with the risk of infection caused by resistant 
gram-positive groups such as MRSA, coagulase-negative 
Staphylococci, Enterococcus faecium, or a therapy targeted 
at these pathogens. An AUC/MIC ratio of ≥ 400, has 
been advocated as a target to achieve clinical effectiveness 
with vancomycin. Through serum vancomycin concentra-
tion >10 mg/L is the more practical method for moni-
toring of vancomycin effectiveness7. Using this drug in 
patients with AKI is a necessary evil as it is nephrotoxic. 
Vancomycin is predominantly cleared by renal excretion, 
making dosage adjustment during renal failure obligatory. 
The half-life of vancomycin is only 5-8 h in patients with 
normal renal function. It is extended up to about 180 h 
in patients with end-stage renal disease8. Volume of dis-
tribution of vancomycin is 0.4 - 1 L/kg, molecular weight 
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∼1450 Da and protein binding from 10% to 50% (ref.9). 
Vancomycin is not removed to a significant extent dur-
ing hemodialysis with conventional low-flux hemodialysis 
membranes, such as those made of cuprophane and cel-
lulose acetate10-12. However, recent studies have demon-
strated enhanced removal of vancomycin during a single 
hemodialysis session with high-flux dialysis membranes, 
including high-flux polysulphone membrane13,14. Low-flux 
polysulphone membranes have smaller pore size resulting 
in lower clearance of middle molecular weight substanc-
es15. Several strategies have been proposed to appropriate-
ly dose vancomycin in high-flux hemodialysis. However, 
most studies have been performed in patients with chronic 
hemodialysis16-19. Critically ill patients are often haemo-
dynamically unstable. They demonstrate alterations in 
drug pharmacokinetics due to multiorgan dysfunction and 
acute changes in volume state20. A substantial number of 
hemodialysis patients have residual renal function which 
may influence vancomycin clearance. Clearance of van-
comycin during hemodialysis may be further affected by 
membrane specific and dialysis specific factors including 
surface area, permeability and clearance and adherence to 
the membrane. Blood flow and dialysate flow might also 
influence drug removal21. These conditions may lead to 
variability in vancomycin clearance during hemodialysis 
dosage regimens in a critical care setting. 

Our aim was to determine the extent of vancomycin 
removal and vancomycin pharmacokinetics in septic pa-
tients with AKI using daily hemodialysis with polysul-
phone high-flux and low-flux membrane. 

MATERIAL AND METHODS

This is an open, prospective cohort clinical study 
performed at two University Hospitals in the Czech 
Republic. The study protocol was approved by the Ethics 
Committees of both hospitals. Written informed consent 
was obtained from patients and two unrelated physicians. 

Subjects
Nine critically ill adult patients with sepsis and AKI 

requiring extended daily dialysis on vancomycin therapy 
were included. Classification of acute kidney injury was 
made according to RIFLE criteria for AKI. All patients 
were in stage F of RIFLE criteria. They were followed up 
for two days after introduction to the study and all also 
concomitantly received fluoroquinolone and metronida-
zol.

Study procedure	
Extended daily hemodialysis was performed in 

all patients with the batch dialysis system (AK 200 S, 
GAMBRO, Sweden). Five patients received dialysis with 
low-flux polysulphone membrane PES-150 DL (Surface 
area 1.5 m2, NIPRO Corporation, Osaka, Japan), and four 
patients with high-flux polysulphone membrane F60S 
(Surface area 1.3 m2, Fresenius Medical Care, Germany). 
Blood flow rate (Qb) was 200 mL/min and dialysate flow 

rate (Qd) was 500 mL/min. Patients underwent 6-h dialy-
sis and the membrane was changed each dialysis session. 
Low-molecular heparin (nadroparine) was used as antico-
agulation. EDD was performed through a double – lumen 
14 F catheter inserted into the jugular or femoral vein. 

Vancomycin was administered over the last hour 
of dialysis (Edicin, Sandoz, Lek Pharmaceuticals d.d., 
Ljubljana, Slovenia). Vancomycin was reconstituted with 
100 mL 0.9% sodium chloride and was administered us-
ing a controlled infusion pump into peripheral venous 
input for 1 h. Vancomycin dose was adjusted according 
to vancomycin levels simulation using a pharmacokinet-
ic programme MWPharm, version 3.60 (MEDIWARE, 
Groningen, the Netherlands). A vancomycin pre-hemodi-
alysis concentration of 10-20 mg/L was chosen as a target 
concentration for vancomycin dosage adjustment. Blood 
samples were obtained before vancomycin administra-
tion, immediately after infusion, 1, 2 h after vancomycin 
administration and before each dialysis. Blood was col-
lected into a 4.9 mL neutral tube (Sarstedt-Monovette) 
and blood samples were centrifuged. Serum vancomycin 
concentrations were determined using a fluorescence 
polarisation immunoassay method (ABBoTT AxSYMTM, 
Abbott Laboratories, Diagnostics Division, Abbott Park, 
IL 60064 USA).

Vancomycin concentrations were analysed using 
the pharmacokinetic programme KINFIT (MWPharm, 
MEDIWARE version 3.60, Groningen, the Netherlands). 
The following pharmacokinetic parameters were calcu-
lated for each patient: volume of distribution (Vd), in-
tradialytic and off dialysis total drug clearance (Cl) and 
elimination half-life (t1/2). Data are expressed as median 
and range. The elimination of vancomycin from blood 
during hemodialysis session was calculated from the fol-
lowing formula and expressed as % concentration reduc-
tion:
% Vancomycin reduction = [(CpreHD – C5hHD)/CpreHD]x100
where CpreHD = The concentration of vancomycin before 
hemodialysis, C5hHD = the concentration of vancomycin 
before administration (last hour of hemodialysis)

RESULTS

The patients‘ and clinical characteristics are sum-
marized in (Table 1). All patients suffered from severe 
sepsis. Bacterial agents were aerobic Gram – positive: 
Staphylococcus species, Staphylococcus haemolyticus, meth-
icilin-resistant Staphylococcus aureus (MRSA, Enterococcus 
faecalis, Enterococcus faecium. Median Sequential Organ 
Failure Assessment (SOFA) score at inclusion was 15 (10 
–16). All patients were in stage F according to RIFLE 
criteria of acute kidney injury. Median eGFR according to 
Cockroft-Gault was 0.4 mL/s (0.18 to 0.5 mL/s). However, 
the eGFR values are overestimated because the calcula-
tion of eGFR is based on creatinine serum values which 
reflect muscle mass. Four patients were anuric. In five pa-
tients the urine output ranged between 19.0 – 166.7 mL/h. 
Due to fluid overload (more than 10% of patient’s body 
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Table 1. Patients’ demographic and clinical characteristics.

Patient Sex Age
(years)

Weight
(kg)

SOFA 
score Pathogen/MIC Diagnosis

Low-flux membrane

1 M 71 88 11 Ent. faecium/0,5 Peritonitis, MODS

2 M 56 80 16 Staph. species/1.0 Pneumonia

3 M 71 77 15 Staph. species/1,0 Endocarditis

4 M 63 94 10 Ent. faecalis 1,0 Urosepsis, Enterocolitis

5 M 38 80 12 Staph. haemolyticus/0,25 Meningitis

High-flux membrane

6 M 72 97 13 Staph. species/1,0 Endocarditis

7 M 69 91 15 Ent. faecalis/1,0 Peritonitis

8 M 70 67 15 MRSA/0,5 Meningitis

9 M 64 65 15 Ent. faecalis/2,0 Mediastinitis

SOFA = Sequential Organ Failure Assessment, M = male, MRSA = methicilin-resistant Staphylococcus aureus, MIC – minimum inhibitory con-
centration

weight) the loop diuretic agent furosemide was admin-
istered at a dose of 500-1000 mg/24 h in patients with 
preserved diuresis according to clinical practice carried 
out in ICUs. Median percentage of vancomycin removal 
by low-flux membrane dialysis was 17% (8-38%). In one 
patient, 68% of vancomycin was removed by low-flux 
membrane dialysis on the second day of the study and 
intradialytic clearance was 30.94 L/h. We attribute these 
outlier values to the measurement error of vancomycin 
concentration 5th hour of dialysis. Median percentage of 
vancomycin removal by high-flux membrane dialysis was 
31% (13-43%). When compared with low-flux membrane 
dialysis vancomycin clearance was only moderately higher 
in high-flux membrane dialysis in the first day of the study 
and about two-fold higher in the second day of the study 
(Table 2). An AUC0-24/MIC ratio ≥ 400 was achieved in 
only 3 out of 9 patients on both study days. In patient 
number one, AUC0-24 on the second study day was not ob-
tained due to measurement error of through vancomycin 
concentration (Table 3). Vancomycin serum concentra-
tions above 10 mg/L before the second study dialysis were 
obtained in 7 out of 9 patients. The median vancomycin 
dose was 10.64 mg/kg (3.13-15.38 mg/kg) in the first day 
and 10.99 mg/kg (3.13-15.38 mg/kg) in the second study 
day. In eight of nine patients vancomycin had already 
been administered before inclusion in the study. 

DISCUSSION

Vancomycin removal by high-flux polysulphone mem-
brane dialysis was about two-fold higher than dialysis with 
low-flux polysulphone membrane. The daily vancomycin 
dosage was required in patients undergoing both high-flux 

and low-flux dialysis to achieve optimal through vancomy-
cin concentrations.

Hemodialysis membranes, which are typically classi-
fied as low- or high-flux, vary in composition, surface area, 
water permeability, and the efficiency with which they re-
move urea and higher-molecular weight solutes. Low-flux 
membranes have smaller pores and lower ultrafiltration 
coefficients than high-flux membranes15. Vancomycin re-
moval was about one half less during low-flux membrane 
hemodialysis compared with high-flux membrane dialysis 
in our study. Removal of vancomycin by high-flux dialysis 
membranes is significantly greater than by conventional 
membranes. A total vancomycin removal of 31% was ob-
served in our study during high-flux membrane dialysis, 
compared with 25–50% of vancomycin removal found in 
other studies13,22. Variability in vancomycin removal in 
both high-flux and low-flux membrane dialysis was found 
in our study as described in other studies23. Despite differ-
ent vancomycin removal in low- and high-flux dialysis, dai-
ly vancomycin dosing in both type of dialysis was required 
to keep optimal vancomycin through levels. However due 
to limited number of patients studied and changing van-
comycin dosing regimen it was impossible to discriminate 
between vancomycin dosing requirements in both dialysis 
procedures. Contemporary high-flux membranes elimi-
nate vancomycin with an estimated vancomycin clearance 
of 43.3-120 mL/min (ref.24). Intradialytic clearance of van-
comycin varied between the two study days. We observed 
about 2-fold higher vancomycin intradialytic clearance 
with high-flux membrane compared to low-flux membrane 
on the second day. However the difference between the 
dialysis was only moderate on the first day. 

Vancomycin dose was administered over the last hour 
of dialysis in our patients. Although the use of vancomy-
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Table 2. Pharmacokinetic parameters of vancomycin. 

Vancomycin Day 1 Day 1 Day 2 Day 2

Membrane Low-flux membrane High-flux membrane Low-flux membrane High-flux membrane

Vd (l/kg) 0.38 (0.21-0.97) 0.43 (0.38-0.81) 0.35 (0.28-0.55) 0.50 (0.19-0.56)

Cloff (l/h) 1.54 (0.40-1.69) 0.82 (054-5.91) 0.51 (0.41-1.95) 0.50 (0.31-1.64)

ClHD (l/h) 2.48 (0.53-5.68) 3.01 (2.34-3.5) 1.74 (0.75-30.94) 3.62 (1.37-5.07)

T1/2 (h) 18.82 (16.24-51.01) 28.41 (9.19-32.04) 35.35 (14.92-49.7) 39.08 (22.87-59.35)

T1/2HD (h) 18.08 (8.49-42.55) 11.18 (9.39-12.49) 16.59 (3.07-38.08) 7.47 (6.19-24.03)

Vd – volume of distribution, Cloff – vancomycin clearance off dialysis, ClHD – vancomycin clearance during dialysis, T1/2 – vancomycin half-life off 
dialysis, T1/2HD - vancomycin half-life during dialysis

Table 3. PK/PD vancomycin parameters of individual patients. 
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Low-flux membrane dialysis

1 7.19 4.78 33 7.29 2.36 68 181.9 363.8 – –

2 13.28 9.75 27 11.99 9.73 19 338.4 338.4 305.2 305.2

3 8.21 7.17 13 11.69 7.25 38 338.8 338.8 345.1 345.1

4 13.7 11.31 17 12.07 11.02 9 387.9 387.9 �343.1 343.1

5 7.67 7.07 8 8.1 6.87 15 242.9 969.8 208.5 834

High-flux membrane dialysis

6 0.0 0.0 – 12.58 8.27 34 258.6 258.6 318.1 318.1

7 18.35 13.98 24 21.0 18.18 13 589.2 589.2 596.4 596.4

8 15.81 10.93 31 22.11 12.63 43 406.3 812.6 514.9 1029.8

9 26.52 19.45 27 26.64 15.85 41 746.9 373.5 623.7 311.9

PK – pharmacokinetics, PD-pharmacodynamics, CvanpreHD  -  vancomycin serum concentration before dialysis, Cvan5hHD - vancomycin serum 
concentration 5th hour of dialysis (before vancomycin administration)

cin during the last hour of dialysis may lead to a certain 
loss of drug, this strategy is more practical and the loss 
of vancomycin may be compensated for by administra-
tion of higher vancomycin doses based on therapeutic 
drug monitoring22. The rebound of vancomycin serum 
concentrations occurs following dialysis with highly per-
meable membranes. The post-redistribution phase aver-
aged six hours, but ranged between 1 to 12 h (ref.24). Thus, 
the absolute vancomycin removal during dialysis may be 
overestimated and estimation of vancomycin serum con-
centrations should be based upon concentrations drawn 
before dialysis session. 

The existing dosing for patients with chronic renal fail-
ure undergoing intermittent dialysis may not be applicable 
to septic patients with AKI treated with EDD (ref.25,19). 

Septic patients are usually highly catabolic and often need 
a larger dose of renal replacement therapy25. Patients with 
AKI appear to eliminate vancomycin differently from pa-
tients with chronic renal failure. In patients with acute 
oliguric renal failure, substantial nonrenal clearance of 
vancomycin appears to occur initially26. A number of he-
modialysis patients have residual renal function, which 
may influence vancomycin clearance. Thus vancomycin 
concentrations may be lower in patients with intrinsic 
clearance if one uses dosing guidelines for anuric patients. 
Clinicians need to be aware of patients´ residual renal 
function and appropriately adjust vancomycin doses. 
This especially concerns septic patients with AKI and 
variable renal function. Further, sepsis can lead to the 
development of endothelial damage and increase capillary 
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permeability, which cause displacement of fluids from the 
vasculatury into the interstitium. The volume of distribu-
tion of hydrophilic drugs in critically ill patients with AKI 
can differ substantially from that reported in pharmaco-
kinetic studies on healthy individuals6. However, we and 
other studies have observed a similar volume of distribu-
tion in vancomycin compared with healthy volunteers8,23. 

Due to high pharmacokinetic variability in acute sep-
tic patients with AKI, we recommend daily monitoring 
of vancomycin concentrations before the next dialysis. 
During the 3-6 h following high-flux dialysis, blood con-
centrations of vancomycin rebound by 16-36%, reflecting 
a redistribution phase. During high-flux dialysis, vanco-
mycin elimination from the central compartment exceeds 
the rate of redistribution from tissue and blood levels fall. 
Following cessation of dialysis, blood levels rise as van-
comycin equilibrates from tissue to blood. Consequently, 
estimates of vancomycin removal based on an immedi-
ate post-dialysis serum levels will overestimate its dialytic 
clearance27,28. Thus, it might also be appropriate to moni-
tor vancomycin serum concentration 6-12 h after dialysis.

An AUC/MIC ratio ≥ 400 has been advocated as a 
target to achieve clinical effectiveness with vancomycin 
therapy7. However, because it can be difficult in the clini-
cal setting to obtain multiple serum vancomycin concen-
trations to determine AUC and subsequently calculate 
AUC/MIC, through serum concentration monitoring, 
which can be used as a surrogate marker for AUC, is rec-
ommended as the most accurate and practical method for 
vancomycin monitoring. Through vancomycin serum con-
centrations maintained above 10 mg/L are recommended 
(ref.7). Despite 78% of our patients (7 out of 9) having 
vancomycin pre-dialysis serum concentrations above 10 
mg/L only 33% patients (3 out of 9) achieved vancomy-
cin AUC/MIC ≥ 400 in contrast to previously published 
study29. The desired AUC/MIC ratio was achieved almost 
only in patients with vancomycin MIC < 1.0 mg/L. In pa-
tients with MIC ≥ 1.0 mg/L higher dosing will be required. 
Vancomycin-induced nephrotoxicity has been related to 
drug plasma concentrations9. Nephrotoxicity is a concern 
for those hemodialysis patients who have some residual 
renal function and mainly for those patients with AKI. 
A target AUC/MIC of ≥ 400 is not achievable with con-
ventional dosing methods if the pathogen vancomycin 
MIC is ≥ 2 mg/L. Achievement of this ratio would lead 
to undesirable vancomycin toxicity. 

CONCLUSION

Both high-flux and low-flux membrane dialysis remove 
considerable amounts of vancomycin in critically ill sep-
tic patients with AKI. The extent of vancomycin removal 
varies in both types of dialysis. Despite differences in van-
comycin removal between low-flux and high-flux dialysis, 
application of vancomycin after each dialysis is required 
to maintain therapeutic concentrations. Antibiotic under-
dosing is undesirable in these patients. Daily vancomycin 
serum concentration monitoring before dialysis is recom-

mended with dosage adjustment based on measured van-
comycin concentrations. 
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