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Background. High volumes of haemofiltration are used in septic patients to control systemic inflammation and improve patient
outcomes. We aimed to clarify if extended intermittent high volume online haemodiafiltration (HVHDF) influences patient
haemodynamics and cytokines profile and/or has effect upon sublingual microcirculation in critically ill septic shock patients.
Methods. Main haemodynamic and clinical variables and concentrations of cytokines were evaluated before and after HVHDF in 19
patients with septic shock requiring renal replacement therapy due to acute kidney injury. Sublingual microcirculation was assessed
in 9 patients. Results. The mean (SD) time of HVHDF was 9.4 (1.8) hours. The median convective volume was 123 mL/kg/h. The
mean (SD) dose of norepinephrine required to maintain mean arterial pressure at the target range of 70-80 mmHg decreased from
0.40 (0.43) pg/kg/min to 0.28 (0.33) pug/kg/min (p = 0.009). No significant changes in the measured cytokines or microcirculatory
parameters were observed before and after HVHDE. Conclusions. The single-centre study suggests that extended HVHDF results
in decrease of norepinephrine requirement in patients with septic shock. Haemodynamic improvement was not associated with

decrease in circulating cytokine levels, and sublingual microcirculation was well preserved.

1. Introduction

Sepsis, defined as systemic inflammatory response syndrome
(SIRS), associated with infection and acute organ dysfunc-
tion, hypoperfusion, or hypotension [1] remains a major
healthcare problem [2]. While treatment of infection with
antibiotics is well established [3], control of systemic inflam-
mation is equally important but difficult to achieve due to the
extremely complicated nature of the reaction and numerous
mediators involved. Haemofiltration has been suggested as
beneficial in restoring immunohomeostasis [4, 5]. Since the
study of Ronco et al. [6], demonstrating better intensive
care patient survival with increased ultrafiltration rates of
renal replacement therapy (RRT), high filtration volumes
have been used in septic patients with the aim of controlling

systemic inflammation and improving patient outcomes. In
several studies higher filtration volumes have been shown to
achieve haemodynamic improvement [7-9] and possibly sur-
vival benefit [10, 11] in patients with septic shock. Although a
recent randomised controlled study [12] showed no beneficial
effects, the concept of attenuating the overwhelming systemic
reaction to infection by nonspecific removal of a broad
spectrum of pro- and anti-inflammatory mediators remains
attractive. Extended daily high volume haemodiafiltration
(HVHDEF) is a hybrid method of intermittent RRT, where
high filtration volumes are applied for 10 to 20 hours daily.
The method has been shown to be a safe and cost-effective
alternative for continuous venovenous haemodiafiltration
(CVVHDEF) [13]. In the present observational pilot study we
aimed to clarify if this method of RRT influences cytokines
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profile and/or has effect upon sublingual microcirculation in
critically ill septic shock patients.

2. Patients and Methods

The prospective single-centre observational study was con-
ducted in the general intensive care unit of Tartu University
Hospital from September 1, 2011, till March 1, 2014. The
study was approved by the Research Ethics Committee of
the University of Tartu. Informed consent from next of kin
was obtained for all patients prior to study inclusion. The
patient’s informed consent was obtained retrospectively, if
he/she recovered sufficiently.

2.1. Patients. Adult patients were eligible for the study, if
they had severe sepsis or septic shock as defined by the
ACCP/SCC Consensus Conference [1], had acute kidney
injury (AKI) deemed by the treating clinician to require
renal replacement therapy, based on the presence of at least
one of the following criteria: (1) oliguria (urine output <
100 mL in a 6-hour period), unresponsive to fluid therapy,
(2) serum potassium concentration exceeding 6.5 mmol/L,
(3) severe acidemia (pH < 7.2), (4) plasma urea nitrogen level
above 25 mmol/L, (5) serum creatinine concentration above
300 umol/L, or (6) presence of clinically significant organ
edema (e.g., pulmonary oedema), and had an arterial line in
situ. Patients with pregnancy and life expectancy of less than
8 hours were excluded.

2.2. Extended High Volume Haemodiafiltration. Extended
high volume venovenous haemodiafiltration (HVHDF) in
the ultracontrol predilution mode with AK 200 ULTRA
S (Gambro, Lund, Sweden) as described by Kron et al.
[13] was applied as clinically indicated. This mode titrates
filtration volume to the maximal possible extent or vol-
ume by gradually increasing transmembrane pressure until
maximal filtration rate is achieved and maintaining this
pressure at maximum effectiveness. HVHDF was performed
with capillary dialyzer Polyflux 210H (Gambro Dialysatoren,
Hechingen, Germany) with surface area 2.1m?* and ultrafil-
tration coefficient 85 mL/h/mmHg. Blood flow rate was kept
at 200 mL/min and fluid flow rate at 500-650 mL/min. The
substitution fluid was delivered prefilter. In this method the
substitution fluid is taken from the dialysis fluid and thus
reduces the dialysis fluid flow rate. The prescribed duration
of HVHDF was 10 hours. The extent of fluid removal from
the patient was prescribed by the treating clinician.

2.3. Biochemical Markers. Blood samples were taken from a
preexisting arterial cannula immediately before the start and
after the end of HVHDF session in the study and immediately
centrifuged and serum was stored at —80°C until analysed.
The cytokines and growth factors were measured in
sera with the Evidence Investigator Cytokine and Growth
Factors High-Sensitivity Array (CTK HS Cat. number EV
3623; RANDOX Laboratories Ltd., Crumlin, UK) according
to the manufacturer’s protocol. Assay sensitivity varied from
0.12 pg/L to 2.12 pg/L depending on specific marker analyte.
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The reproducibility of the assay for individual cytokine was
determined using the quality controls provided with the kit.

2.4. Videomicroscopy. Sublingual microcirculation was
assessed in 10 patients before and after HVHDF by an
SDF imaging device (Microscan; Microvision Medical,
Amsterdam, Netherlands). In total, at least nine videos were
taken at each time point, of which five best were analysed.

Microcirculatory videos of all patients were collected
and thereafter analysed with the aid of specialized software
(Automated Vascular Analysis 3.02; Academic Medical Cen-
tre, University of Amsterdam, Netherlands) by two separate
investigators unaware of the study protocol.

The microcirculation cut-oft value for the vessels was
20 pm.

The following 2 parameters were calculated automatically
by the software: (1) total vascular density (TVD) was total
vessel length of the small vessels divided by the total area
of the image and (2) DeBacker score was the number of
small vessels crossing horizontal and vertical lines, drawn
on the screen, divided by the total length of the lines [14].
Subsequent parameters were derived from the subjective
analysis of blood flow in the microcirculatory videos, while
perfusion was evaluated as continuous (continuous flow for
at least 15 seconds), sluggish (slow but continuous flow),
intermittent (no flow < 50% of time), or absent (no flow >50%
of time) [14]; (3) the proportion of perfused vessels (PPV)
was calculated as 100 x [total number of vessels — (no flow
+ intermittent flow)]/total number of vessels, (4) perfused
vessel density (PVD) was calculated by multiplying the vessel
density by the proportion of the perfused vessels, and (5)
microvascular flow index (MFI) was calculated as the mean
of blood flow in four separate quadrants, while the blood flow
was characterized as absent 0, intermittent 1, sluggish 2, or
normal 3.

2.5. Statistical Analysis. All except interobserver variability
calculations were performed using the Statistical Package
for the Social Sciences (IBM SPSS Statistics 20.0, Somers,
NY, USA) software. Normal distribution of data was con-
firmed by visual inspection of result histograms. Data with
normal distribution are presented as mean (SD: standard
deviation) and data not normally distributed as median (IQR:
interquartile range). Paired t-test for normally distributed
data and Wilcoxon matched pairs test for nonnormally
distributed data were used to compare prediafiltration values
against postdiafiltration values. Differences were considered
significant at p < 0.05.

Interobserver variability was calculated separately for
each parameter through the Bland-Altman analysis for
assessing agreement between two opinions [15] using Stats-
Direct 2.7.9 software (StatsDirect Ltd., Cheshire, UK).

3. Results

3.1 Patients. Of 36 screened patients, 19 were enrolled in the
study. The reasons for exclusion were absence of informed
consent from next of kin (11 patients), life expectancy of
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FIGURE 1: Values of main proinflammatory cytokines before and after high volume haemodiafiltration (HVHDF). The lines represent single

patient values.

<8 hours (5 patients), and age <18 years (1 patient). The
demographics and clinical characteristics of the patients
are shown in Table 1. Eighteen patients were mechanically
ventilated and all except one received norepinephrine at the
start of HVHDE In addition 6 patients received dopamine,
dobutamine, or milrinone. Bedside nurses maintained the
mean arterial pressure (MAP) at the target range, defined
by the treating physician (70-80 mmHg) by adjusting the
dose of norepinephrine infusion. The fluid balance during the
studied HVHDF was negative (from —17 mL to —2900 mL)
in 15 patients and positive (from 154mL to 884mlL) in
four patients. The focus of infection was pneumonia in 6
cases, intra-abdominal infection (peritonitis, cholangitis, and
infected pancreatic necrosis) in 10 cases, and infection of
soft tissue in 3 cases. Sixteen patients were discharged from
ICU alive; three died in the ICU: one died within 48 hours
after study inclusion due to refractory septic shock and

two died more than two weeks later due to multiple organ
failure. The median (range) time from ICU admission to
the study inclusion was 45 (6-361) hours. Seventeen patients
had received renal replacement therapy before the studied
HVHDE

3.2. High Volume Haemodiafiltration. The studied HVHDF
was performed for 10 hours in 17 patients. In 2 patients
the HVHDF was terminated after 4 hours due to filter
clotting. The mean (SD) time of HVHDF was 9.4 (1.8)
hours. The median convective volume was 11.5L/h (IQR
8.8-15.9) [123 mL/kg/h (IQR 100-211 mL/kg/h)]. Anticoagu-
lation was performed with unfractionated heparin or hep-
arin/protamine as clinically indicated.

3.3. Adverse Events. One patient developed atrial fibrillation
during the HVHDF and one developed severe hypotension at
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FIGURE 2: Values of main anti-inflammatory cytokines before and after high volume haemodiafiltration (HVHDEF). The lines represent single

patient values.

TaBLE : Demographics and clinical characteristics of study patients.

Median (IQR)
Age (years) 65 (56-72)
Gender (male/female) 12/7
Weight (kg) 80 (70-100)
APACHE II 19 (16-20)
SOFA 10 (7-11)

252 (121-316)
164 (127-348)
1.5 (1.2-3.0)

C-reactive protein (mg/L)
Creatinine before inclusion (¢#mol/L)
Lactate before inclusion (mmol/L)

ICU cumulative fluid balance before
inclusion (mL)

Fluid balance during HVHDF (mL)
ICU stay (days) 23 (9-44)
ICU outcome (alive/dead) 16/3

APACHE II: Acute Physiology and Chronic Health Evaluation score II;
HVHDEF: high volume haemodiafiltration; ICU: intensive care unit; IQR:
interquartile range.

3328 (-702-5381)

—409 (-1405-25.75)

the beginning of the procedure, stabilized with infusion ther-
apy and temporary increase in norepinephrine dose. No other
adverse events including hypothermia, hypophosphataemia,
or hypokalaemia were observed.

3.4. Metabolic and Haemodynamic Indices. The changes in
haemodynamic and metabolic parameters are shown in
Table 2. The dose of norepinephrine required to maintain
MAP within the target range of 70-80 mmHg decreased
from 0.40 (0.43) pg/kg/min to 0.28 (0.33) ug/kg/min during
HVHDEF (p = 0.009). There were no statistically significant
changes in heart rate, MAP, CI, body temperature, or serum

lactate concentrations. Serum pH increased from 7.30 (0.1) to
7.4 (0.1); p = 0.013.

3.5. Cytokines. Individual changes in main proinflammatory
cytokines are shown in Figurel, and anti-inflammatory
cytokines are shown in Figure 2. While high individual
variability was noted, no significant differences before and
after HVHDF were observed in the measured cytokines
(data of IL-le, IL-13, and IL-2 not shown). The mean
values of cytokines were significantly higher than those of
healthy volunteers [16], indicating the presence of systemic
inflammatory response in our patients. The ratios of pro- and
anti-inflammatory mediators (IL-10/IL-6 and IL-10/TNFa«)
were not influenced by HVHDE

3.6. Sublingual Microcirculation. The videos of sublingual
microcirculation were analyzable in nine patients. In one
patient the quality was poor because of pressure artefacts
and overlighting. No significant effects were observed on
measured microcirculatory parameters (Table 3).

4. Discussion

We found significant decrease of norepinephrine dose
requirement during extended high volume (median
123 mL/kg/h) intermittent haemodiafiltration in patients
with septic shock despite negative fluid balance in most
patients. This finding is in line with other experimental [17]
and clinical studies with different modalities of high volume
haemofiltration [7-11, 18]. However, a recent randomized
multicentre study, comparing continuous haemofiltration
in the dose of 35 mL/kg/h to 70 mL/kg/h [12], did not show
any haemodynamic or survival benefit from higher filtration
volumes, yet the study was underpowered, recruiting 140
patients instead of 460 required from power calculation.
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TABLE 2: Effects of HVHDF on haemodynamic and clinical variables.

Before HVHDF After HVHDF p
Mean arterial pressure (mmHg) 89 (71-91) 80 (73-93) NS
Cardiac index (L/min per m?) 3.02 (2.5-4.2) 2.9 (2.5-3.3) NS
Heart rate (beats/min) 102.4 (26.8) 98.5(22.9) NS
Body temperature ("C) 371(0.6) 36.9 (0.6) NS
Arterial pH 7.36 (0.07) 7.40 (0.06) 0.013
Norepinephrine dose (yg/kg/min) 0.40 (0.43) 0.28 (0.33) 0.009
Lactate (mmol/L) 1.5 (1.2-3.0) 1.5 (1.2-2.1) NS
SOFA 10 (7-11) 9 (7-12) NS

HVHDE: high volume haemodiafiltration; SOFA: sequential organ failure score. Data presented as mean (standard deviation) or median (interquartile range).

TABLE 3: Sublingual microcirculatory parameters before and after HVHDE

Parameter Before HVHDF

Total vascular density 19.4 (16.5-24.8)

18.6 (15.9-22.5)

93.0 (88.8-95.7)
2.8 (2.7-3.0)

114 (9.9-14.7)

Perfused vessel density
Proportion of perfused vessels
Microvascular flow index
DeBacker score

After HVHDF p
21.8 (18.1-26.3) 0.139
19.8 (17.7-22.9) 0.173
94.4 (90.3-97.1) 0.515
2.9 (2.8-3.0) 0.074
13.2 (11.1-15.2) 0.214

HVHDE: high volume haemodiafiltration. Data presented as median and interquartile range.

The mechanism of the effect of HVHDF on haemody-
namics still remains unclear. While removal of cytokines,
except TNF-«, occurs during HDF and is dependent on
ultrafiltration rate [19], significant reduction of cytokines did
not occur in our study. Besides ultrafiltration rate, substance
clearance is also dependent on whether the substitution fluid
is administered before or after the filter. While predilution
enables achieving higher filtration volumes, it dilutes the
blood before filter passage and may reduce efficiency [6]. This
might be the reason we did not find significant decrease in
cytokine concentrations, yet the haemodynamic effect was
present.

Several hypotheses have been proposed to explain the
favourable haemodynamic effects of HVHDE. The “peak con-
centration hypothesis” suggests that haemofiltration, applied
in the early phase of sepsis, eliminates the peaks of both anti-
and proinflammatory cytokines, thus restoring immuno-
homeostasis [4]. The hypothesis stresses the importance of
applying haemofiltration early in the course of the disease.
The median time from ICU admission to recruitment in our
study was 45 hours, yet some patients were recruited as late
as 15 days after ICU admission. This might partly account
for the very different basal cytokine concentrations and their
different behaviour during HVHDE. Another hypothesis, the
“active transportation between two asymmetric compart-
ments” [20] combining the “threshold immunomodulation
hypothesis” [21] and the “mediator delivery hypothesis” [22],
postulates that removal of cytokines from blood leads to
increased gradient and therefore increased removal from
tissues, thus limiting the systemic inflammation at tissue
level. In addition to passive transportation, HVHF induces
increase in lymphatic flow due to high amounts of crystalloids
used as replacement fluids, which leads to significant drag and
displacement of the cytokines to blood compartment, making

them available for extracorporeal removal. This hypothesis
explains why numerous studies, including ours, failed to show
significant decrease in cytokine plasma concentrations, as
cytokines from tissues replace those, removed from blood
compartment. The “cytokinic” theory suggests that removing
inflammatory mediators from plasma increases concentra-
tion gradient from plasma to infected tissues, resulting in
leucocyte homing to the nidus of infection instead of passing
into the blood, thus increasing bacterial clearance locally and
limiting remote organ damage [23, 24].

Other mechanisms potentially responsible for the
decrease in norepinephrine requirements, induced by
HVHE, are cooling, which was not the case in our study,
removal of unmeasured organic anions [25], or removal of
mediators, responsible for hypotension and vasodilation, like
prostaglandins, leukotrienes [26], and complement factors
[7]. The observed increase in pH might be responsible for
the decrease of vasopressor requirement in our study. Yet
this explanation is unlikely, as Bellomo et al. comparing
different intensities of continuous haemofiltration (CHF)
found similar correction of acidosis but greater increase
in mean arterial pressure and decrease in norepinephrine
requirements in high intensity CHF group [25].

We did not find any changes in sublingual microcir-
culatory parameters. The patients were volume resuscitated
before the study inclusion and had microcirculation indices
close to normal [27]. While the increase on blood pressure
during HVHF occurs due to increased vascular resistance
rather than increased cardiac output [8], disturbances of
microcirculation might be aggravated [28]. In line with other
studies [29] we found no negative influence of HVHDF on
microcirculation despite fluid removal during the procedure.

The present study has limitations. The small number of
patients and variability in inclusion time after admission



might have prevented us from detecting changes in cytokine
levels. We also did not recruit a control group as this was
an observational pilot study. Further, technical limitations of
sublingual videomicroscopy have to be recognized. Despite
these limitations, the study supports the previous suggestions
that HVHDEF is a safe [13, 30] and well-tolerated procedure,
when vigilant monitoring and correction of serum elec-
trolytes, especially potassium and phosphate, and warming
are applied.

5. Conclusions

The single-centre study suggests that extended intermit-
tent high volume haemodiafiltration results in decrease
of norepinephrine requirement in patients with septic
shock. Haemodynamic improvement was not associated with
decrease in circulating cytokine levels, and sublingual micro-
circulation was well preserved. Further research is warranted
to confirm these findings.
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