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Abstract Objective: High volume
hemofiltration (HVHF) has shown
potential benefits in septic animals
and a few reports suggested a
hemodynamic improvement in
humans. However, randomized
studies are still lacking. Our goal was
to evaluate the hemodynamic effects
of HVHF in septic shock patients
with acute renal failure (ARF).
Design and setting: Prospective
randomized study in an intensive care
unit (ICU). Patients: Twenty
patients with septic shock and ARF.
Interventions: Patients were
randomized to either high volume
hemofiltration [HVHF 65 ml/(kg h)]
or low volume hemofiltration [LVHF
35 ml/(kg h). Vasopressor dose was
adjusted to reach a mean arterial
pressure (MAP) [ 65 mmHg.
Measurements and results: We
performed six hourly measurements
of MAP, norepinephrine dose, PaO2/
FiO2 and lactate, and four daily urine
output and logistic organ dysfunction
(LOD) score. Baseline characteristics
of the two groups were comparable

on randomization. Mean
norepinephrine dose decreased more
rapidly after 24 h of HVHF treatment
compared to LVHF treatment
(P = 0.004) whereas lactate and
PaO2/FiO2 did not differ between the
two treatment groups. During the 4-
day follow-up, urine output was
slightly increased in the HVHF group
(P = 0.059) but the LOD score
evolution was not different. Duration
of mechanical ventilation, renal
replacement therapy and ICU length
of stay were also comparable.
Survival on day 28 was not affected.
Conclusion: HVHF decreased
vasopressor requirement and tended
to increase urine output in septic
shock patients with renal failure.
However, a larger trial is required to
confirm our results and perhaps to
show a benefit in survival.
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Introduction

Patients with acute renal failure (ARF) in intensive care
unit (ICU) always have a high mortality rate ranging from
50 to 80% despite recent improvements in the manage-
ment of critically ill patients [1, 2]. ARF has been shown

to be an independent risk factor of mortality, particularly
when patients needed renal replacement therapy (RRT)
[3]. The etiology of ARF is also an important prognosis
factor: septic ARF always carries increased mortality [2].
Moreover, it should be underlined that sepsis accounts for
nearly half of the renal failures in ICU [2].
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Recent studies established that increasing dialysis or
filtration dose decreased mortality in ICU patients with
ARF [4, 5]. In the last decade, several reports focused on
the possible benefit of high volume hemofiltration
(HVHF) in septic shock with ARF [6–11]. However, only
one randomized study compared HVHF with low volume
hemofiltration (LVHF) and included only ten patients [9].
At present, the question remains and recent guidelines did
not recommend HVHF in the treatment of septic patients
[12]. We hypothesized that HVHF could reduce vaso-
pressor dose in patients with septic shock and ARF.

Patients and methods

This prospective randomized study was performed in the
Intensive Care and Infectious Disease Unit of Tourcoing
Hospital from August 2005 to January 2007. Institutional
approval was granted by the regional ethics committee.
Informed consent was obtained from each patient’s next
of kin.

Patients

Patients were eligible for recruitment if they presented
septic shock and ARF with at least one of the following
criteria requiring RRT [1, 13, 14]: urine output \ 200 ml/
12 h or anuria [ 12 h, serum urea [ 30 mmol/l, creati-
nine [ 500 lmol/l or doubling of base creatinine for
patients with chronic renal failure.

Patients were excluded if they suffered from obstruc-
tive or prerenal renal failure (defined by an increase in
urine output and an improvement in creatinine values
with adequate fluid loading), severe chronic renal failure
(creatinine clearance \ 30 ml/min), were included in
another study, had severe immunosuppression (leukocyte
count \ 1,000/mm3, [10 mg/day of prednisone or
equivalent for over 2 weeks, underlying malignancy,
cytotoxic drugs, radiation treatment, asplenia or AIDS) or
were moribund. Exclusion was also performed if a limi-
tation of therapy was decided, if septic shock or renal
failure happened more than 5 days after ICU admission,
and finally, in the absence of written consent. Patients
were secondarily excluded if they died within the first day
after randomization, or if the patient suffered from a
disease other than septic shock.

Study goals

The primary end point was the decrease of vasopressor
dose along with a stable MAP [ 65 mmHg. Patients were
considered to be responders to the treatment if norepi-
nephrine dose was decreased by 75% after 24 h of

hemofiltration. Secondary end points were duration of
mechanical ventilation and RRT, ICU length of stay, and
mortality in ICU and on day 28.

RRT procedures

Patients were randomized to receive either a 35 ml/(kg h)
[4] or 65 ml/(kg h) ultrafiltrate flow. Randomization was
realized by blocks: out of every four patients, two were
allocated to LVHF, and two to HVHF treatment at ran-
dom. Physicians and nurses were not blinded to the
allocated treatment. Our study was not powered before
enrolment because it was monocentric and we wanted to
perform our study in a limited period (\2 years) to limit
the bias related to treatment variations that could have
occurred in a longer duration of time.

All patients were treated with the Prismaflex machine
(Hospal, Lyon, France) using a 1.4 m2 polyethersulfone
filter (HF 1400, Hospal, Lyon, France) with a cut-off point
of 20 kDa. Vascular access was obtained with dual-lumen
catheters (Prismaccess, 13F, 20 cm long) inserted in the
femoral or jugular vein. Blood flow was set between 180
and 250 ml/min in the LVHF group, and between 200 and
300 ml/min in the HVHF group, to reach a filtration
fraction below 20%. Ultrafiltrate flow was delivered pre-
filter in one-third and postfilter in two-thirds of the
patients. Bicarbonate-buffered replacement fluids were
used for all RRT procedures. Net ultrafiltration was based
on individual fluid status of the patient but to avoid sub-
stantial hypovolemia, negative fluid balance was not
performed during the first day of treatment. Anticoagula-
tion with heparin [pulse 10 IU/kg, then continuous 10 IU/
(kg h)] was performed. Anticoagulation was then adjusted
every 6 h according to activated partial thromboplastin
time reaching to 1.59 normal. Patients with bleeding risks
were treated with low-dose heparin [300 IU/(kg h)], or no
anticoagulation in major risks or if they received activated
protein C. At the end of the treatment, effective filtration
volume (i.e., the real delivered filtration volume with
regard to time to filter changes, alarms...) was recorded
from the Prismaflex machine.

The protocol was driven for a maximum of 4 days or
until norepinephrine was discontinued for at least 4 h with
a persistent MAP [ 65 mmHg. The filter was changed
daily or earlier when obstructed. After the end of the
protocol, 35 ml/(kg h) filtration volume was used for all
the patients presenting persistent renal failure.

Septic shock management

Fluid management and vasopressor use were managed
with pulse pressure variation measure [15] and echocar-
diography. Vasopressor dose was adjusted by physicians
as long as the patients were unstable. Thereafter,
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vasopressors were managed by nurses with a protocol to
reach a mean arterial pressure (MAP) [ 65 mmHg [16]:
0.02 c/(kg min) increase or decrease if MAP was \ or
[65 mmHg, respectively. All patients were treated with
intensive insulin therapy and low dose hydrocortisone.
Activated protein C was prescribed in the absence of
contraindication. Patients with acute lung injury/acute
respiratory distress syndrome (ALI/ARDS) were venti-
lated with low tidal volumes.

Data collection and definitions

For all the patients, the following characteristics were
prospectively collected on ICU admission: age, gender,
weight, indication(s) of ICU admission, severity of ill-
ness, and vital sign abnormalities.

Severity of illness was assessed by Simplify Acute
Physiology Score (SAPS II) [17], Acute Physiology and
Chronic Health Evaluation (Apache II) score [18], and
Logistic Organ Dysfunction (LOD) score [19]. Sepsis
syndrome was assessed according to the Bone’s criteria
[20]. Shock was defined as a sustained (C1 h) decrease in
the systolic blood pressure of at least 40 mmHg from
baseline or a resultant systolic blood pressure\90 mmHg
after adequate fluid replacement and in the absence of any
antihypertensive drug. Antimicrobial therapy was con-
sidered appropriate when their prescription was in
accordance with the infected site and adequate when no
causal pathogen was resistant to the prescribed
antibiotic(s).

Body weight was measured on ICU-admission with
our patient-lifter. We prospectively collected, at the
beginning of hemofiltration and then every 6 h during
4 days, the following variables: temperature, MAP, nor-
epinephrine dose [c/(kg min)], PaO2/FiO2, serum urea,
creatinine, potassium, phosphate, lactate, and pH. Leu-
kocyte and platelet counts, hemoglobin, urine output,
LOD score, and norepinephrine daily dose were collected
during the 4 days of the protocol. MAP and norepineph-
rine dose were also recorded during the 6 h before RRT
initiation. We also recorded sepsis and ICU-related
complications, duration of norepinephrine treatment,
mechanical ventilation, RRT, and length of ICU stay.
Mortality was recorded in ICU and on day 28. Mortality
was attributed to septic shock when patients died from
multiorgan failure without any possibility of vasopressor
withdrawal and when no other pathologic origin could
explain death.

Statistical analysis

Categorical variables were expressed in terms of fre-
quencies. Continuous variables were expressed in mean
and standard deviation when their distribution was

normal. When it was not, they were expressed in median
and quartiles. Comparisons between groups were per-
formed using Fisher’s exact test for categorical
parameters. Continuous variables were analyzed using
Wilcoxon’s test. Comparisons between LVHF and HVHF
groups for time-dependant variables were realized with
linear mixed model. Differences between groups were
considered to be significant for variables yielding a P
value \0.05. Analyses were performed using SAS Soft-
ware, V8.2.

Results

During the study period, 43 patients were admitted to our
unit for septic shock complicated by ARF. Twenty
patients were included into the study. The exclusion cri-
teria for the remaining 23 patients were as follows: 13
patients were considered by at least two investigators to
be moribund or with a decision of therapeutic limitation,
four patients were already treated by chronic hemodial-
ysis, two patients died before randomization, two patients
had severe immunosuppression and finally, ARF occurred
more than 5 days after ICU admission for two patients.
One patient in the HVHF group was secondarily excluded
because the final diagnosis was not septic shock but
mesenteric ischemia.

All the patients were mechanically ventilated. Base-
line characteristics of patients on randomization (H0)
were not different between the two groups (Table 1).
Clinical features of each patient are detailed in Table 2.
Septic shock treatment was not different between the two
groups (Table 3). All the patients received appropriate

Table 1 Baseline characteristics of patients on randomization

Variables LVHF (n = 10) HVHF (n = 9) P

Age (years) 72.5 (54–77) 68 (58–74) 1
Male sex (n) 8 7 1
Weight (kg) 78 (71–86) 76 (70–78) 0.54
SAPS II 67 (61–75) 66 (56–69) 0.46
Apache II 33.5 (28–37) 31 (26–33) 0.9
LOD 9.5 (9–13) 9 (7–11) 0.3
Serum urea (mmol/l) 25 (18–37) 26 (17–38) 0.65
Creatinine (lmol/l) 191 (151–267) 205 (205–267) 0.39
PaO2/FiO2 ratio 163 (150–186) 157 (143–210) 0.71
pH 7.27 (7.23–7.35) 7.28 (7.28–7.32) 0.65
Lactate (mEq/l) 3.5 (2.3–6.6) 2.8 (2.7–3.9) 0.63
Platelet count (103/mm3) 120 (77–197) 212 (172–232) 0.12
Temperature (�C) 36.8 (36–37.5) 37.1 (36.8–38.5) 0.16
Bacteremia (n) 3 2 1

Variables are expressed in median and quartiles
LVHF low volume hemofiltration, HVHF high volume hemofil-
tration, LOD logistic organ dysfunction score, Apache acute
physiology and chronic health evaluation score, SAPS simplified
acute physiology score
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antimicrobial therapy during the first 3-h period following
the onset of septic shock. Effective ultrafiltration volume
was 32 ml/(h kg) in LVHF group, and 62 ml/(h kg) in
HVHF group (P \ 0.001). No adverse event associated
with HVHF, like severe hypophosphatemia or hypokala-
emia, was recorded.

There was a trend toward an increased dose of vaso-
pressors in the two groups during the 6-h period prior to
randomization [0.44 (0.15–0.95) c/(kg min) 6 h before
randomization vs. 0.89 (0.37–1.17) c/(kg min) on H0
(P = 0.056)]. At the time of randomization, patients in
the HVHF group required a higher norepinephrine dose to
maintain MAP [ 65 mmHg than in the LVHF group, but
the difference was not significant (Table 3). After RRT
initiation, MAP did not differ between the two groups and
could be maintained above 65 mmHg in all patients
(P = 0.36; Fig. 1a). In contrast, eight of the nine patients
in the HVHF group responded to the treatment (decreased
norepinephrine dose of more than 75% in 24 h) whereas

only four of the ten patients responded in the HVHF
group (P = 0.004; Table 4). This was particularly note-
worthy during the first 6 h after HVHF initiation. Figure 2
represents the evolution of norepinephrine dose for each
patient during the first day after HVHF or LVHF initia-
tion. There was no difference in the volume infused
during the 24 h after randomization. The evolution of
patients treated by activated protein C was not different
than the overall evolution in each group. This effect on
vasopressors’ requirement was, however, isolated and the
other measured parameters such as lactate (Fig. 1b),
PaO2/FiO2, and LOD score did not differ between the two
groups (P = 0.97, 0.95, 0.96, respectively). Four patients
in each group were alive with complete norepinephrine
withdrawal on day 4. We noted a trend toward an
increased urine output for HVHF patients between day 1
and day 4 (P = 0.059; Fig. 1c). Neither body temperature
nor acidosis levels differed between the two groups dur-
ing the study period.

Table 2 Clinical features of studied patients

No. Age Gender Apache II Site of sepsis Causative pathogen HVHF 24 h-Responder
status

28 day-Survival
status

1 69 Male 28 Pneumonia L. pneumophila No No No
2 81 Male 35 Pneumonia None Yes No No
3 57 Male 35 Endocarditis S. aureus No No No
4 68 Male 31 Peritonitis E. coli Yes Yes No
5 23 Male 39 Pneumonia S. pneumoniae No Yes Yes
6 79 Male 21 Pyelonephritis P. mirabilis No Yes Yes
7 50 Male 25 Peritonitis B. fragilis Yes Yes Yes
8 58 Female 25 Peritonitis None Yes Yes Yes
9 77 Male 29 Pneumonia L. pneumophila No Yes Yes
10 44 Female 26 Meningitis N. meningitidis Yes Yes Yes
11 76 Male 25 Peritonitis None No No Yes
12 85 Male 30 Pyelonephritis P. mirabilis Yes Yes No
13 74 Male 33 Peritonitis E. coli Yes Yes Yes
14 54 Female 37 Bacteremia Streptococcus No No No
15 77 Male 38 Osteoarthritis S. epidermidis No Yes Yes
16 67 Male 35 Pneumonia None Yes Yes Yes
17 85 Female 32 Bacteremia Streptococcus No No No
18 74 Male 33 Pneumonia None Yes Yes Yes
19 41 Male 36 Pneumonia None No No No

HVHF high volume hemofiltration, Responder status patients are considered to be responders if norepinephrine is decreased by 75% after
24 h of hemofiltration, Apache acute physiology and chronic health evaluation score

Table 3 Septic shock
management

Variables are expressed in
median and quartiles
LVHF low volume
hemofiltration, HVHF high
volume hemofiltration, H6s
first 6 h after the onset of
septic shock, H0r time of
randomization
H24r 24 h after randomization

Variables LVHF (n = 10) HVHF (n = 9) P

Crystalloids infusion H6s (ml/kg) 12 (5–13) 21 (11–39) 0.27
Colloids infusion H6s (ml/kg) 14 (9–20) 14 (13–21) 0.93
Volume infusion H24r (ml/kg) 19 (13–32) 13 (7–33) 0.34
Time from shock to HF (h) 15.5 (9–19) 21 (19–27) 0.77
Norepinephrine requirement on H0r [c/(kg min)] 0.5 (0.37–1.09) 1.07 (0.43–1.75) 0.35
Use of dobutamine (n) 4 3 1
Use of activated protein C (n) 2 3 0.62
Adequate antimicrobial therapy (n) 8/8 4/5 0.38
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Sepsis and ICU-related complications were not dif-
ferent between LVHF and HVHF groups. Duration of
mechanical ventilation [13 (6–22) days in LVHF group,
15 (7–19) days in HVHF group], of RRT [7 (2–17) vs. 6
(2–14) days], of norepinephrine requirement [2.25 (2–7)
vs. 3 (2–6) days], and length of ICU stay [14.5 (7–29) vs.
18 (15–23) days] were also not different. All survivor
patients had a full recovery of renal function at ICU

discharge. Survival on day 28 was also not statistically
different (P = 0.65). Six patients in the LVHF group
died, five from multiorgan failure related to septic shock,
and one from an anaphylactic reaction to antibiotics. In
the HVHF group, only three patients died, one from
the initial septic shock, the other two recovered from
their sepsis and died later from tertiary peritonitis
(P = 0.11).

Discussion

Acute renal failure is a critical event in patients with
septic shock. Our study was designed to evaluate the
hemodynamic effect of HVHF in these patients. The
hemodynamic status was assessed through the dynamic
evolution of norepinephrine dosage necessary to maintain
MAP [ 65 mmHg. We showed that HVHF allowed a
quicker decrease in norepinephrine dose requirement and
a trend to an increased urine output. In contrast, we
detected no difference between the other studied
parameters.

In animal studies, improvement of hemodynamic
parameters with high filtration volume has been largely
described for the last 15 years [21–24]. Some authors
have already used HVHF as a salvage therapy in very
critically ill patients. They found an increased survival in
patients who showed a hemodynamic improvement with
HVHF [6, 7, 10]. However, these studies included a
limited number of patients and were not randomized. To
date, only one randomized study was performed in cross-
over and included only ten patients. The results showed a
significant decrease in norepinephrine requirement dur-
ing the HVHF period compared to the LVHF period [9].

Beside the observation of hemodynamic improvement
with HVHF, our results bring new questions. First, we
waited for RRT criteria for inclusion. The mean time
elapsed between the onset of septic shock and the
beginning of hemofiltration was 22 h. In all the patients
we recorded a trend (P = 0.056) toward an increase in
vasopressor requirement during the 6-h period before
hemofiltration. Considering the major hemodynamic
improvement, particularly during the first 6 h after
HVHF initiation, it might be suggested that performing
HVHF earlier in the course of septic shock could be
associated with a greater benefit. In fact, experimental
and human studies showed that uremic toxins have an
important role in immune functions [25, 26]. Only one
randomized study evaluated hemofiltration in sepsis
without ARF [27]. Results were negative but a very low
filtration volume was used. Moreover, Honore et al. [6], in
their non-randomized study performed in refractory septic
shock patients independently of renal failure, found that
time to HVHF initiation was associated with survival.
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Patients on HVHF increased their urine output during
the 4 days of the study period, but this difference was not
statistically significant (P = 0.059), probably because of
our small sample size. We can not establish a link
between the rapid decrease in mean norepinephrine dose
and the increase in urine output, since norepinephrine
infusion have been reported to decrease renal blood flow
under normal conditions [28], but had inverse effects in
the case of septic shock [29]. We think that the increased
urine output is probably secondary to the removal of
inflammatory mediators that cause renal insult in high
concentrations [14]. This result seems particularly
important, since persistent oliguria is a well-known
prognostic factor in the ICU.

We must underline that our study has important lim-
itations. The major one is the small number of patients.
Moreover, our study was not powered before enrolment.
Then, our study was randomized, but not blinded, and was
monocentric. Our method of randomization (by block)
could also introduce a bias because we knew, before

enrolment, the group for the last patient of each block.
However, as we maintained in all patients a
MAP [ 65 mmHg, norepinephrine dosage was managed
equally in the two groups. With regard to our inclusion
criteria, RRT requirement was not defined according to
the RIFLE criteria [30], but all our patients were in the
renal failure class. We excluded patients who exhibited
septic shock or ARF during ICU-hospitalization because
of a much higher mortality rate. More than half of the
patients presenting with study inclusion criteria were not
included, essentially because physicians classified them as
moribund or with therapeutic limitations. However, con-
sidering the particularly high severity scores of the
included patients (80% predicted mortality), we think that
this was not a selection bias. Another limitation of our
study could be the protocol we used for vasopressors’
management, which only included MAP, without any
systematic measurement of other hemodynamic variables
like cardiac index, systemic vascular resistance or venous
oxygen saturation. Moreover, we did not measure cyto-
kine kinetics, which might have potentially explained the
hemodynamic improvement. However, our goal was to
perform a clinical study with a reliable target (MAP) that
can be applied in every ICU. The last limitation is the
HVHF procedure. Beside the critical question about when
to start hemofiltration in septic shock, other interrogations
remain concerning the optimal filtration volume and the
adequate duration of hemofiltration with high volume. In
our study, we used 65 ml/(kg h) for logistic reasons.
However, experimental and clinical studies suggest that a
much higher filtration volume during limited time could
offer significant hemodynamic improvement [6, 24].
Moreover, we noticed major hemodynamic improvement
during the first 6 h of HVHF. It could probably be safe,
time- and cost-effective to perform high volume during
this short period, and continue RRT with smaller vol-
umes, as demonstrated in the study by Ratanarat et al.
[31].

In conclusion, our study shows that HVHF decreased
vasopressor requirement and tended to increase urine
output in septic shock patients with renal failure. We must
underline that important limitations, principally our small

Table 4 Evolution of norepinephrine dose [c/(kg min)] with regard to the 24 h-responder status

Time (h) LVHF HVHF

Non-responders n = 6 Responders n = 4 Non-responder n = 1 Responders n = 8

0 0.99 (0.54–1.17) 0.38 (0.26–0.44) 2.38 1.01 (0.3–1.3)
6 0.94 (0.78–1.5) 0.28 (0.17–0.39) 1.19 0.45 (0.18–0.8)
12 0.81 (0.43–1.69) 0.2 (0.1–0.3) 0.95 0.27 (0.07–0.43)
18 0.73 (0.35–2.66) 0.04 (0.01–0.1) 0.83 0.19 (0.02–0.37)
24 0.56 (0.27–2.77) 0 (0–0.05) 0.95 0.06 (0–0.21)

Variables are expressed in median and quartiles
LVHF low volume hemofiltration, HVHF high volume hemofiltration
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sample size, the unblinded design, and the sole target
MAP [ 65 mmHg to adapt vasopressor dosage, could
restrict the results. A larger study should be realized to
confirm our results and perhaps to show a benefit in
sepsis-related and ICU-related mortality.
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