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Abstract

Introduction: Renal resistive index (RI), determined by Doppler ultrasonography, directly reveals and quantifies
modifications in renal vascular resistance. The aim of this study was to evaluate if mean arterial pressure (MAP) is
determinant of renal RI in septic, critically ill patients suffering or not from acute kidney injury (AKI).

Methods: This prospective observational study included 96 patients. AKI was defined according to RIFLE criteria
and transient or persistent AKI according to renal recovery within 3 days.

Results: Median renal RIs were 0.72 (0.68-0.75) in patients without AKI and 0.76 (0.72-0.80) in patients with AKI
(P=0.001). RIs were 0.75 (0.72-0.79) in transient AKI and 0.77 (0.70-0.80) in persistent AKI (P=0.84). RI did not differ in
patients given norepinephrine infusion and was not correlated with norepinephrine dose. RI was correlated with
MAP (r= -0.47; P=0.002), PaO2/FiO2 ratio (r= -0.33; P=0.04) and age (r=0.35; P=0.015) only in patients without AKI.

Conclusions: A poor correlation between renal RI and MAP, age, or PaO2/FiO2 ratio was found in septic and
critically ill patients without AKI compared to patients with AKI. These findings suggest that determinants of RI are
multiple. Renal circulatory response to sepsis estimated by Doppler ultrasonography cannot reliably be predicted
simply from changes in systemic hemodynamics. As many factors influence its value, the interest in a single RI
measurement at ICU admission to determine optimal MAP remains uncertain.

Introduction
In critically ill patients, sepsis and acute kidney injury
(AKI) are very common diseases and are associated with
increased hospitalization and elevated in-hospital mor-
tality rates [1,2]. AKI is a dynamic process that evolves
from an early reversible condition to an established dis-
ease and leads to sustained renal impairment, cell death,
and delayed renal recovery [3,4]. Consequently, prompt
resuscitation of the circulation and optimal perfusion
pressure are the primary therapies for critically ill
patients with AKI. These methods are based principally
on the appropriate management of intravenous fluid
replacement and vasopressor administration under strict
hemodynamic monitoring [5].

To date, the pathogenesis of septic AKI is not comple-
tely known [6]. An increase in renal vascular resistance
(RVR), associated with reduced renal blood flow (RBF)
and, thus, potential renal ischemia has been reported
[7,8]. Conversely, some experimental studies have
demonstrated that septic AKI may be associated with
renal vasodilatation and increased RBF [9,10]. Renal
resistive index (RI), determined by Doppler ultrasono-
graphy, allows an estimation of RVR at the bedside.
Although this parameter provides interesting informa-
tion, its interpretation remains difficult in clinical practice.
In patients with septic shock, the norepinephrine (NE)-
induced increase in mean arterial pressure (MAP) from 65
to 75 mm Hg is associated with significant decreases in
RVR and RI [11]. In contrast, some authors have reported
that RI was not influenced by vasoactive drug therapy
[12,13]. Furthermore, a recent publication reported that
increased RI was associated with persistent AKI in
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critically ill patients who require mechanical ventilation
[12]. We tested the hypothesis that the relationship
between renal RI and MAP may be influenced by renal
injury. The primary objective of this study was to evaluate
whether MAP is a determinant of renal RI in septic and
critically ill patients who do or do not have AKI.

Materials and methods
Setting and patients
Approval for this non-interventional study was obtained
from our institutional review board (Comité de Protection
des Personnes Sud-Ouest et Outre Mer III, agreement
number DC2009/43, Bordeaux, France). Because data
were collected while the care of patients conformed to
standard procedures currently used in our institute,
authorization to waive informed consent for the study was
granted. From January 2010 to February 2011, patients
admitted to our 22-bed mixed medical and surgical inten-
sive care unit (ICU) from less than 24 hours for proven or
suspected infection with severe sepsis or shock according
to the American College of Chest Physicians/Society of
Critical Care Medicine classification [14] were prospec-
tively included. Non-inclusion criteria were pregnancy, age
of less than 18 years, known renal artery stenosis, known
end-stage renal disease or chronic kidney disease defined
by a glomerular filtration rate (GFR) of less than 30 mL/
minute per 1.73 m2, angiotensin-converting enzyme
inhibitor and non-steroidal anti-inflammatory treatment,
cirrhosis with hepatorenal syndrome, and a major cardio-
genic component in septic shock defined as a need for epi-
nephrine or dobutamine or both. Patients presenting
obstructive acute renal failures, assessed by echography,
were also excluded.

Study protocol
Each patient was studied within the first 24 hours after
ICU admission and after obtaining hemodynamic stabiliza-
tion defined as an MAP of greater than 60 mm Hg for
more than 1 hour without any change in the rate of cate-
cholamine infusion or fluid vascular loading. Variation in
pulse pressure by arterial catheterization (radial or
femoral) was used as a trigger for fluid challenge. NE was
the only vasopressor used in this study. Owing to the
observational nature of the study, the optimum MAP was
left to the discretion of the attending physicians. Fluid bal-
ance on inclusion day was calculated by hourly recording
of all intravenous fluid intakes (including colloids, crystal-
loids, total parenteral nutrition, or blood products) and
urinary or digestive output from each patient. The ventila-
tor respiratory settings and sedative infusion rates were
unchanged for at least 1 hour before Doppler sonography.
Sedation was given according to individual needs as
assessed by the Behavioral Pain Scale [15] and the
Sedation-Agitation Scale [16]. Renal replacement therapy

was initiated only in patients in the Failure stage of Risk,
Injury, Failure, Loss, and End-stage kidney disease
(RIFLE).
Transthoracic echocardiography and renal echocardio-

graphy were systematically performed by intensivists certi-
fied in echocardiography. A Vivid-i ultrasound machine
with a 4-MHz curved-array multifrequency transducer
was used (GE Healthcare, Little Chalfont, Buckingham-
shire, UK). The cardiac output by using the Doppler
method at the level of the left ventricular outflow tract
and renal perfusion indices were measured [17]. Intra-
renal Doppler signals were obtained from two or three
representative proximal interlobar arteries. The peak sys-
tolic velocity (Vmax) and the minimal diastolic velocity
(Vmin) were determined by pulse wave Doppler, and the RI
was calculated as (Vmax - Vmin)/Vmax [13]. The results
from three consecutive measurements on both kidneys
were averaged. The reproducibility of RI measurements
was assessed in 20 patients by two investigators (AD and
BM).

Definitions
The Simplified Acute Physiology Score II (SAPS II) and
the Sepsis-related Organ Failure Assessment score were
assessed to evaluate the severity of disease of each patient
at inclusion in the study. AKI was evaluated at inclusion
and was defined by using the consensus definition from
the Acute Dialysis Quality Initiative group, which proposes
criteria for three grades of increasing severity (risk of acute
renal failure, injury to the kidney, and failure of kidney
function) and two outcome classes (loss of kidney function
and end-stage kidney disease) (RIFLE classification). In the
absence of known baseline serum creatinine (sCr) levels,
the nadir of sCr after renal recovery was recorded to eval-
uate baseline renal function. In the absence of renal recov-
ery, baseline sCr was estimated by using the Modification
of Diet in Renal Disease (MDRD) formula. Transient AKI
was defined as AKI that resolved within 3 days after inclu-
sion by using conventional treatment in the ICU. Recovery
from AKI was defined as a 50% decrease in sCr or normal-
ization of urine output in the absence of diuretics or both.
Persistent AKI was defined as persistent elevated sCr or
oliguria (less than 0.5 mL/kg per hour) for at least 3 days
[18-21].

Statistical analyses
Continuous variables were presented as mean (standard
deviation) and median (interquartile range) for non-
Gaussian variables and were compared by the Mann-
Whitney U test. Categorical variables were presented as
number (percentage) and were compared by the Pearson
chi-squared test or Fisher exact test. Comparisons
between more than two groups were made by using
Kruskal-Wallis one-way analysis of variance with post
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hoc analysis. Intra-observer reliability and inter-observer
reliability of measurements were determined by the cor-
responding intraclass correlation coefficients and their
95% confidence intervals (CIs) [22]. Inter-observer mea-
surements were compared by a Bland and Altman ana-
lysis. Correlation tests were performed by using the
Spearman correlation coefficient. A logistic regression
was performed to identify variables significantly asso-
ciated with an RI of less than 0.75. All tests were two-
sided, and a P value of less than 0.05 was considered
statistically significant. Statistical analysis was carried
out with JMP for Windows, version 6.0 (SAS Institute
Inc., Cary, NC, USA).

Results
Ninety-six patients were prospectively screened during the
study period. Poor-quality images from two patients made
Doppler measurements for any lobar arteries impossible.
Consequently, 94 patients were included in the statistical
analyses (Table 1). Doppler measurements could be
obtained from only one kidney in 15 patients. In this case,
the right kidney has been preferentially observed (11
patients out of 15). For the 79 patients in whom bilateral
Doppler could be performed, matched t test comparisons
of right and left RI measurements showed no significant
differences: 0.73 (95% CI 0.70 to 0.76) versus 0.73 (95% CI
0.70 to 0.75). Intra-observer variation was 3.4%, and the
intraclass correlation coefficient was 0.94 (95% CI 0.92 to
0.96). Inter-observer variation was 6.2%, and the intraclass
correlation coefficient was 0.92 (95% CI 0.81 to −0.97).
The mean bias of inter-observer measurements was 0.00
(95% CI −0.10 to 0.09). RI was not correlated with cardio-
vascular risk factors and was correlated only with age in
patients without AKI (r = 0.35; P = 0.015). RI was higher
in patients presenting with an arterial partial pressure of
oxygen/fraction of inspired oxygen (PaO2/FiO2) ratio of
less than 200: 0.76 (0.72 to 0.80) versus 0.72 (0.68 to 0.78)
(P = 0.02).
For patients with transient AKI, diagnosis was made at

Risk, Injury, or Failure levels in 42%, 33%, and 25% of
cases, respectively. For patients with persistent AKI, diag-
nosis was made at Risk, Injury, or Failure levels in 7%,
11%, and 82% of cases, respectively. Median renal RIs were
0.72 (0.68 to 0.75) in patients without AKI and 0.76 (0.72
to 0.80) in patients with AKI (P = 0.001) (Table 2). Median
RIs were 0.75 (0.72 to 0.79) in cases of transient AKI and
0.77 (0.70 to 0.80) in cases of persistent AKI (P = 0.84).
RI did not differ between patients who received or did

not receive NE - respectively, 0.73 (0.69 to 0.78) versus
0.75 (0.68 to 0.78) (P = 0.94) - and was not correlated with
the NE dose (r = -0.06; P = 0.69). Among patients without
AKI, RIs were 0.73 (0.68 to 0.76) in patients who received
NE and 0.70 (0.68 to 0.75) in patients who did not receive

NE (P = 0.30) and were also not correlated with NE dose
(r = 0.20; P = 0.43).
Among patients without AKI, RI was not correlated

with fluid balance on the day of inclusion (r = 0.21, P =
0.18) or with the cardiac index (r = -0.21; P = 0.37) but
was significantly correlated with the MAP (r = -0.47;
P = 0.002) (Figure 1) and the PaO2/FiO2 ratio (r =
-0.33; P = 0.04). Among patients with AKI, RI was not
correlated with fluid balance (r = -0.15, P = 0.29), the
cardiac index (r = -0.21; P = 0.37), the MAP (r = 0.006;
P = 0.97) (Figure 2), or the PaO2/FiO2 ratio (r = -0.23;
P = 0.11). In cases of transient or persistent AKI, RI was
not correlated with the MAP (r = 0.009, P = 0.99, and
r = -0.0003, P = 0.99, respectively). When patients were
divided into three groups according to MAP, RI was
only inversely proportional to MAP in patients without
AKI (P = 0.04) (Table 3). In contrast, in cases of AKI,
RI remained elevated regardless of the MAP range.
Logistic regression, using a univariate analysis, indicated

Table 1 Characteristics of patients included in the study
(n = 94)

Variables

Male gender, mean (standard deviation) 59 (63)

Age in years, median (interquartile range) 62 (17)

Body mass index in kg/m2, median (interquartile range) 25 (22-28)

SAPS II at inclusion, median (interquartile range) 43 (33-59)

SOFA score at inclusion, median (interquartile range) 7 (3-9)

Mechanical ventilation, number (percentage) 60 (64)

ICU length of stay in days, mean (standard deviation) 14 (13)

Patients receiving norepinephrine, number (percentage) 47 (50)

Norepinephrine dose in μg/kg per minute, mean (standard
deviation)

0.37 (0.34)

Cardiovascular risk factors, number (percentage)

Tobacco 35 (37)

Hypertension 47 (50)

Diabetes 12 (13)

Elevated cholesterol 21 (22)

Obesity and physical inactivity 9 (10)

Origin of sepsis, number (percentage)

Abdominal 55 (59)

Pulmonary 26 (28)

Mediastinitis 6 (6)

Catheter 2 (2)

Other 5 (5)

Diuretic use, number (percentage) 20 (21)

Acute kidney injury, number (percentage) 52 (55)

Transient 24 (25)

Persistent 28 (30)

Renal replacement therapy, number (percentage) 20 (21)

28-day all-cause mortality, number (percentage) 18 (20)

ICU, intensive care unit; SAPS II, Simplified Acute Physiology Score II; SOFA,
Sepsis-related Organ Failure Assessment.
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that the factors that predicted an RI of greater than 0.75
in patients without AKI were the MAP (P = 0.02) and
SAPS II (P = 0.002).

Discussion
In this study, renal RI was evaluated in critically ill patients
with sepsis after hemodynamic stabilization. A poor corre-
lation between RI and MAP, age, or PaO2/FiO2 ratio was
found in septic and critically ill patients without AKI com-
pared with patients with AKI. Our understanding of the

pathogenesis of septic AKI is limited because currently we
do not have a clinically validated method to measure RBF.
In patients with renal hypoperfusion, compensatory
mechanisms to maintain GFR include attenuation of affer-
ent arteriolar vasoconstriction, afferent arteriolar dilation,
efferent arteriolar constriction, and neuro-/hormonal
effects to increase tubular reabsorption of fluid and main-
tenance of cardiac output [18]. An increase in RVR, repre-
senting renal vasoconstriction and a reduced RBF leading
to renal ischemia, has repeatedly been proposed to be

Table 2 Characteristics of patients according to acute kidney injury

No AKI
(n = 42)

Transient AKI
(n = 24)

Persistent AKI
(n = 28)

P value

Mean arterial pressure, mm Hg 78 (67-86) 70 (65-87) 70 (65-87) 0.4

Heart rate, beats per minute 92 (78-105) 90 (83-120) 96 (79-117) 0.5

Fluid balance on inclusion day, mL 1,585 (837-2,612)a 1,725 (1,205-3,002) 2,650 (1,556-3,487)b 0.01

Norepinephrine dose, μg/kg per minute 0.18 (0.06-0.37)a 0.29 (0.11-0.45)a 0.48 (0.20-0.78)b,c 0.01

Cardiac index, L/minute per m² 3.1 (2.3-4.6) 3.3 (2.3-3.8) 3.1 (2.4-4.2) 1

Blood lactate, mEq/L 1.2 (0.9-2.0)a 1.5 (1.0-2.9) 2.4 (1.3-3.9)b 0.02

Hematocrit, percentage 30 (27-33) 31 (28-38) 29 (25-32) 0.3

PaO2/FiO2 ratio 240 (140-320) 240 (140-305) 180 (120-260) 0.1

Serum creatinine at inclusion, μmol/L 69 (45-81)a,c 160 (98-196)a,b 191 (134-243)b,c <0.0001

FeNa, percentage 0.5 (0.2-1)a,c 1.5 (0.6-2.4)b 2.7 (0.6-6.7)b 0.008

FeU, percentage 28 (16-39) 36 (31-45) 31 (12-46) 0.2

Resistance index 0.72 (0.68-0.75)a,c 0.75 (0.72-0.79)b 0.77 (0.70-0.80)b 0.005

Results are expressed as median (interquartile range). FeNa, fractional excretion of sodium, was calculated as [(urine sodium/plasma sodium)/(urine creatinine/
plasma creatinine)] × 100. FeU, fractional excretion of urea, was calculated as [(urine urea/plasma urea)/(urine creatinine/plasma creatinine)] × 100. P value refers
to between-group comparisons (Kruskal-Wallis one-way analysis of variance with post hoc analysis). aP <0.05 compared with persistent acute kidney injury (AKI)
group. bP <0.05 compared with no AKI group. cP <0.05 compared with transient AKI group. PaO2/FiO2, arterial partial pressure of oxygen/fraction of inspired
oxygen.

Figure 1 Relationship between resistive index (RI) and mean arterial pressure (MAP) in patients without acute kidney injury (AKI).
Correlations were assessed by using Spearman correlation coefficient.
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central to the pathogenesis of septic acute renal failure
[7,8]. This paradigm has been derived from animal studies,
using a variety of models, and from techniques for the
measurement of RBF and for induction of sepsis without
hemodynamic support [23]. However, many studies do
not report decreased RBF in sepsis. Shortly after induced

septic shock in ewes without significant fluid resuscitation
or NE administration, Langenberg and colleagues [10]
reported marked renal vasodilatation, which led to a tran-
sient increase in RBF. In parallel, sCr significantly
increased after 24 hours whereas fractional excretion of
sodium and fractional excretion of urea decreased in the

Figure 2 Relationship between resistive index (RI) and mean arterial pressure (MAP) in patients with acute kidney injury (AKI).
Correlations were assessed by using Spearman correlation coefficient.

Table 3 Characteristics of patients according to mean arterial pressure

<70 mm Hg 70 to 85 mm Hg >85 mm Hg P value

No acute kidney injury (n = 13) (n = 19) (n = 10)

Mean arterial pressure, mm Hg 63 (59-66)a,b 79 (74-81)b,c 93 (89-100)a,c <0.001

Heart rate, beats per minute 88 (77-92)a 98 (90-115)b,c 90 (64-96)a 0.026

Fluid balance on inclusion day, mL 1,400 (865-2,735) 1,680 (990-2,560) 1,237 (699-2,376) 0.7

Norepinephrine infusion, number (percentage) 6 (46) 9 (47) 3 (30) 0.6

Norepinephrine dose, μg/kg per minute 0.20 (0.06-0.38) 0.19 (0.05-0.36) 0.17 (0.06-0.47) 0.9

Cardiac index, L/minute per m² 2.6 (1.7-3.0) 4.1 (3.1-7.8) 2.7 (1.9-5.0) 0.1

PaO2/FiO2 ratio 280 (116-310) 240 (107-302) 229 (193-395) 0.4

Resistance index 0.74 (0.70-0.78) 0.72 (0.68-0.77) 0.69 (0.67-0.72)c 0.04

Acute kidney injury (n = 25) (n = 14) (n = 13)

Mean arterial pressure, mm Hg 65 (62-66)a,b 73 (70-76)b,c 94 (89-104)a,c <0.001

Heart rate, beats per minute 95 (83-124) 90 (82-117) 89 (79-112) 0.7

Fluid balance on inclusion day, mL 2,605 (1,303-3,767) 2,650 (2,184-3,481) 1,480 (1,105-2,400) 0.1

Norepinephrine infusion, number (percentage) 16 (64) 10 (71) 3 (23) 0.02

Norepinephrine dose, μg/kg per minute 0.20 (0.06-0.38) 0.19 (0.05-0.36) 0.17 (0.06-0.47) 0.9

Cardiac index, L/minute per m² 2.8 (2.4-3.6) 3.0 (1.8-5.2) 3.7 (3.1-5.9) 0.4

PaO2/FiO2 ratio 140 (110-270) 252 (180-310) 180 (134-270) 0.06

Resistance index 0.76 (0.73.80) 0.74 (0.66-0.78) 0.78 (0.73-0.82) 0.1

Results are expressed as median (interquartile range). P value refers to between-group comparisons (Kruskal-Wallis one-way analysis of variance with post hoc
analysis). aP <0.05 compared with mean arterial pressure (MAP) 70-85 mm Hg group. bP <0.05 compared with MAP >85 mm Hg group. cP <0.05 compared with
MAP <70 mm Hg group. PaO2/FiO2, arterial partial pressure of oxygen/fraction of inspired oxygen.
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first 48 hours (as seen in pre-renal azotemia). In human
sepsis, sustained systemic vasodilatation with a high car-
diac output is the dominant clinical finding during the
early phase of AKI [24,25].
Determination of increased RI on the first day of septic

shock is known to have predictive value for acute renal
failure in septic shock [13]. Darmon and colleagues [12]
recently confirmed these results in patients who required
mechanical ventilation. A Doppler renal RI value of more
than 0.795 also predicted persistent AKI with good sensi-
tivity and specificity. Our study has confirmed that RI is
increased in cases of AKI, particularly in cases of persis-
tent AKI. However, we were not able to precisely distin-
guish transient from persistent AKI in our selected
patients. We assume that hypoperfusion (pre-renal com-
ponent) and injury (renal component) often occurred at
the same time in injured kidneys given that each tubular
injury is a continuum from volume responsiveness to
necrosis. The definition of pre-renal azotemia has con-
ceptual or diagnostic limitations or both, and a precise
renal RI cutoff point to distinguish clinical entities was
difficult to determine in this study.
Alterations in renal hemodynamics may be induced by

multiple factors in critically ill patients. Improving regio-
nal perfusion and inducing excessive vasoconstriction
must be balanced when NE therapy is required. Indeed,
intra-renal infusion of NE is used to induce AKI in ani-
mals, and NE has been shown to decrease RBF in healthy
volunteers. In contrast, too low a dose of NE in patients
with vasodilatory shock may result in an MAP that is
below the limit of renal autoregulatory capacity. Guide-
lines for hemodynamic support of adult patients with
sepsis advocate that vasopressors be titrated to the mini-
mum level required to provide effective organ perfusion
[26]. To prevent AKI, maintaining an MAP of at least 60
to 65 mm Hg during vasodilatory shock has also been
recommended [27].
Deruddre and colleagues [11] suggested that measuring

renal RI could help optimize renal perfusion in critically
ill patients. In that study, a significant decrease in renal
RI was observed in 11 patients with septic shock when
MAP was increased from 65 to 75 mm Hg by NE titra-
tion. However, measurements of renal RI remain difficult
to interpret in clinical practice. Our findings confirm pre-
vious results, showing that RI is dependent on factors
apart from NE infusion [12,13]. In patients with acute
lung injury, low oxygenation levels have been reported to
increase renal RI [28]. In our study, RI was inversely cor-
related with the PaO2/FiO2 ratio in patients without AKI.
Recently, Darmon and colleagues [12] also found a signif-
icant negative correlation between MAP and RI in criti-
cally ill patients receiving mechanical ventilation (see
Online Supplementary Material). However, in that study,
MAP was not statistically different between patients

without AKI and patients with transient or persistent
AKI, despite an increasing RI.
Our study has reported that RI is inversely correlated

with MAP in septic critically ill patients without AKI but
not in patients with AKI. This may have been because of
unresponsive renal vasoconstriction or renal vascular
obstruction caused by a sustained kidney injury, despite
hemodynamic support, which led to increased RI. On the
other hand, in septic critically ill patients without AKI, an
inverse correlation might reflect increased renal perfusion
pressure with associated reduced activation of RVR,
reflected by RI, leading to pressure-dependent renal perfu-
sion. Sepsis or sedation could explain this modified renal
vasomotor response in our patients. However, this associa-
tion seems to be relatively poor. Indeed, the correlation
coefficient that we found between RI and MAP means
that most of the changes in RI lie somewhere other than
MAP. Consequently, renal circulatory response to sepsis
estimated by Doppler ultrasonography cannot be reliably
predicted simply from changes in systemic hemodynamics.
This finding is consistent with a recent study showing that
the development of septic AKI often seems to be accom-
panied by an uncoupling between systemic vascular resis-
tance and RVR [29].
The following points need to be considered when

assessing the clinical relevance of our study. First, this
study was purely observational as it was difficult to per-
form a blinded study. Second, the present study included
a single-center population of patients who had developed
vasodilatory shock. Patients exhibiting an important car-
diogenic component of septic shock, defined by the need
for epinephrine or dobutamine or both, were deliberately
excluded. Third, the pressure of the renal interstitium
was impossible to measure in clinical practice, and renal
Doppler measurements do not reflect microcirculation
vessel tone. In addition, measurement of GFR and renal
oxygenation by continuous renal vein thermodilution
was not conducted, as we were unable to use invasive
hemodynamic monitoring in this observational study. No
patient included in this study presented clinical intra-
abdominal hypertension, but this was not assessed by
intravesical measurement. Other confounding factors not
identified in this study also may have influenced our
results. Finally, the subjective part of renal ultrasound
and the precision of measurements, assessed by the inter-
observer variation in comparison with the Doppler mea-
surement differences, are the main limitations when
determining renal RI.
Although future AKI studies need to determine the

impact of early recognition of pressure-dependent renal
perfusion on renal recovery, the timing of volume replace-
ment to facilitate early restoration of kidney perfusion and
to optimize vasopressor infusion dose can be an important
determinant in preventing the progression of AKI and
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facilitating recovery. Estimating renal circulatory response
to sepsis by Doppler ultrasonography can be hazardous
because many factors influence RI value. Increased RI may
be associated with low renal perfusion pressure or low
oxygenation levels in patients without AKI but may also
be associated with sustained renal injury. Thus, its value in
septic critically ill patients in the ICU should be inter-
preted carefully before concluding that there is renal injury
or estimating optimal MAP.

Conclusions
A poor correlation between renal RI and MAP found only
in septic and critically ill patients without AKI suggests
that determinants of RI are numerous. Consequently,
renal circulatory response to sepsis estimated by Doppler
ultrasonography cannot reliably be predicted simply from
changes in systemic hemodynamics. The value of a single
RI measurement at ICU admission to determine optimal
MAP remains uncertain.

Key messages
• RI, measured by Doppler ultrasonography, is corre-
lated to MAP, age, and PaO2/FiO2 ratio only in sep-
tic and critically ill patients without AKI.
• RI was increased in cases of AKI, but theses corre-
lations were abolished.
• RI did not differ between patients who received or
did not receive NE and was not correlated with the
NE dose.
• This correlation between RI and MAP in septic
and critically ill patients without AKI is poor, sug-
gesting that the determinants of RI are numerous.
• A single RI measurement at admission of septic
critically ill patients to predict persistent AKI or to
determine optimal MAP seems insufficient.

Abbreviations
AKI: acute kidney injury; CI: confidence interval; GFR: glomerular filtration
rate; ICU: intensive care unit; MAP: mean arterial pressure; NE:
norepinephrine; PaO2/FiO2: arterial partial pressure of oxygen/fraction of
inspired oxygen; RBF: renal blood flow; RI: resistive index; RVR: renal vascular
resistance; SAPS II: Simplified Acute Physiology Score II; sCr: serum creatinine.

Acknowledgements
The authors thank Erwan Floch (Newmed Publishing Services) for revising
the English and Olivier Branchard for his assistance in obtaining the consent
of the ethics committee. Earlier this year, this study was presented in part at
the Congress of the French Society of Critical Care in Paris, France.

Author details
1CHU de Bordeaux, Service d’Anesthésie-Réanimation II, avenue de Magellan,
F-33604 Pessac, France. 2University of Bordeaux, Bioingénierie tissulaire,
U1026, 146 rue Léo-Saignat, F-33000 Bordeaux, France. 3University of
Bordeaux, Adaptation cardiovasculaire à l’ischémie, U1034, 125 avenue du
Haut-Lévèque, F-33600 Pessac, France. 4CHU de Bordeaux, Service de
Néphrologie Transplantation Dialyse, place Amélie Raba-Léon, F-33000
Bordeaux, France.

Authors’ contributions
AD conceived, designed, and coordinated the study. BM and JC helped to
collect the clinical data. AO helped to carry out the statistical analysis. OJ-B,
CF, HR, JR, GJ, CC and AO helped to critically revise the manuscript. All
authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 10 February 2012 Revised: 24 July 2012
Accepted: 12 September 2012 Published: 12 September 2012

References
1. de Mendonca A, Vincent JL, Suter PM, Moreno R, Dearden NM, Antonelli M,

Takala J, Sprung C, Cantraine F: Acute renal failure in the ICU: risk factors and
outcome evaluated by the SOFA score. Intensive Care Med 2000, 26:915-921.

2. Uchino S, Kellum JA, Bellomo R, Doig GS, Morimatsu H, Morgera S,
Schetz M, Tan I, Bouman C, Macedo E, Gibney N, Tolwani A, Ronco C,
Beginning and Ending Supportive Therapy for the Kidney (BEST Kidney)
Investigators: Acute renal failure in critically ill patients: a multinational,
multicenter study. JAMA 2005, 294:813-818.

3. Sutton TA, Fisher CJ, Molitoris BA: Microvascular endothelial injury and
dysfunction during ischemic acute renal failure. Kidney Int 2002,
62:1539-1549.

4. Brady HR, Singer GG: Acute renal failure. Lancet 1995, 346:1533-1540.
5. Antonelli M, Azoulay E, Bonten M, Chastre J, Citerio G, Conti G, De

Backer D, Gerlach H, Hedenstierna G, Joannidis M, Macrae D, Mancebo J,
Maggiore SM, Mebazaa A, Preiser JC, Pugin J, Wernerman J, Zhang H: Year
in review in Intensive Care Medicine 2010: I. Acute renal failure,
outcome, risk assessment and ICU performance, sepsis, neuro intensive
care and experimentals. Intensive Care Med 2011, 37:19-34.

6. Lerolle N, Nochy D, Guerot E, Bruneval P, Fagon JY, Diehl JL, Hill G:
Histopathology of septic shock induced acute kidney injury: apoptosis
and leukocytic infiltration. Intensive Care Med 2010, 36:471-478.

7. Lameire N, Van Biesen W, Vanholder R: Acute renal failure. Lancet 2005,
365:417-430.

8. Schrier RW, Wang W: Acute renal failure and sepsis. N Engl J Med 2004,
351:159-169.

9. Langenberg C, Wan L, Egi M, May CN, Bellomo R: Renal blood flow and
function during recovery from experimental septic acute kidney injury.
Intensive Care Med 2007, 33:1614-1618.

10. Langenberg C, Wan L, Egi M, May CN, Bellomo R: Renal blood flow in
experimental septic acute renal failure. Kidney Int 2006, 69:1996-2002.

11. Deruddre S, Cheisson G, Mazoit JX, Vicaut E, Benhamou D, Duranteau J:
Renal arterial resistance in septic shock: effects of increasing mean
arterial pressure with norepinephrine on the renal resistive index
assessed with Doppler ultrasonography. Intensive Care Med 2007,
33:1557-1562.

12. Darmon M, Schortgen F, Vargas F, Liazydi A, Schlemmer B, Brun-Buisson C,
Brochard L: Diagnostic accuracy of Doppler renal resistive index for
reversibility of acute kidney injury in critically ill patients. Intensive Care
Med 2011, 37:68-76.

13. Lerolle N, Guerot E, Faisy C, Bornstain C, Diehl JL, Fagon JY: Renal failure in
septic shock: predictive value of Doppler-based renal arterial resistive
index. Intensive Care Med 2006, 32:1553-1559.

14. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM,
Sibbald WJ: Definitions for sepsis and organ failure and guidelines for
the use of innovative therapies in sepsis. The ACCP/SCCM Consensus
Conference Committee. American College of Chest Physicians/Society of
Critical Care Medicine. Chest 1992, 101:1644-1655.

15. Payen JF, Bru O, Bosson JL, Lagrasta A, Novel E, Deschaux I, Lavagne P,
Jacquot C: Assessing pain in critically ill sedated patients by using a
behavioral pain scale. Crit Care Med 2001, 29:2258-2263.

16. Riker RR, Fraser GL, Cox PM: Continuous infusion of haloperidol controls
agitation in critically ill patients. Crit Care Med 1994, 22:433-440.

17. Vignon P: Hemodynamic assessment of critically ill patients using
echocardiography Doppler. Curr Opin Crit Care 2005, 11:227-234.

18. Himmelfarb J, Joannidis M, Molitoris B, Schietz M, Okusa MD, Warnock D,
Laghi F, Goldstein SL, Prielipp R, Parikh CR, Pannu N, Lobo SM, Shah S,

Dewitte et al. Critical Care 2012, 16:R165
http://ccforum.com/content/16/5/R165

Page 7 of 8

http://www.ncbi.nlm.nih.gov/pubmed/10990106?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10990106?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16106006?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16106006?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12371954?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12371954?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7491052?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21203748?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21203748?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21203748?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21203748?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19924395?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19924395?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15680458?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15247356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17572879?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17572879?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16641923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16641923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17486316?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17486316?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17486316?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20862450?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20862450?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16941165?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16941165?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16941165?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1303622?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1303622?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1303622?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1303622?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11801819?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11801819?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8124994?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8124994?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15928471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15928471?dopt=Abstract


D’Intini V, Kellum JA: Evaluation and initial management of acute kidney
injury. Clin J Am Soc Nephrol 2008, 3:962-967.

19. Nickolas TL, O’Rourke MJ, Yang J, Sise ME, Canetta PA, Barasch N, Buchen C,
Khan F, Mori K, Giglio J, Devarajan P, Barasch J: Sensitivity and specificity
of a single emergency department measurement of urinary neutrophil
gelatinase-associated lipocalin for diagnosing acute kidney injury. Ann
Intern Med 2008, 148:810-819.

20. Coca SG, King JT Jr, Rosenthal RA, Perkal MF, Parikh CR: The duration of
postoperative acute kidney injury is an additional parameter predicting
long-term survival in diabetic veterans. Kidney Int 2010, 78:926-933.

21. Brown JR, Kramer RS, Coca SG, Parikh CR: Duration of acute kidney injury
impacts long-term survival after cardiac surgery. Ann Thorac Surg 2010,
90:1142-1148.

22. Shrout PE, Fleiss JL: Intraclass correlations: uses in assessing rater
reliability. Psychol Bull 1979, 86:420-428.

23. Langenberg C, Bellomo R, May C, Wan L, Egi M, Morgera S: Renal blood
flow in sepsis. Crit Care 2005, 9:363-374.

24. Parker MM, Shelhamer JH, Natanson C, Alling DW, Parrillo JE: Serial
cardiovascular variables in survivors and nonsurvivors of human septic
shock: heart rate as an early predictor of prognosis. Crit Care Med 1987,
15:923-929.

25. Villazon SA, Sierra UA, Lopez SF, Rolando MA: Hemodynamic patterns in
shock and critically ill patients. Crit Care Med 1975, 3:215-221.

26. Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen J, Gea-
Banacloche J, Keh D, Marshall JC, Parker MM, Ramsay G, Zimmerman JL,
Vincent JL, Levy MM, Surviving Sepsis Campaign Management Guidelines
Committee: Surviving Sepsis Campaign guidelines for management of
severe sepsis and septic shock. Crit Care Med 2004, 32:858-873.

27. Joannidis M, Druml W, Forni LG, Groeneveld AB, Honore P, Oudemans-van
Straaten HM, Ronco C, Schetz MR, Woittiez AJ: Prevention of acute kidney
injury and protection of renal function in the intensive care unit. Expert
opinion of the Working Group for Nephrology, ESICM. Intensive Care Med
2010, 36:392-411.

28. Darmon M, Schortgen F, Leon R, Moutereau S, Mayaux J, Di Marco F,
Devaquet J, Brun-Buisson C, Brochard L: Impact of mild hypoxemia on
renal function and renal resistive index during mechanical ventilation.
Intensive Care Med 2009, 35:1031-1038.

29. Benes J, Chvojka J, Sykora R, Radej J, Krouzecky A, Novak I, Matejovic M:
Searching for mechanisms that matter in early septic acute kidney
injury: an experimental study. Crit Care 2011, 15:R256.

doi:10.1186/cc11517
Cite this article as: Dewitte et al.: Doppler resistive index to reflect
regulation of renal vascular tone during sepsis and acute kidney injury.
Critical Care 2012 16:R165.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Dewitte et al. Critical Care 2012, 16:R165
http://ccforum.com/content/16/5/R165

Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/18354074?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18354074?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18519927?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18519927?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18519927?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20686452?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20686452?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20686452?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20868804?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20868804?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18839484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18839484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3652707?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3652707?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3652707?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1201657?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1201657?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15090974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15090974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19921152?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19921152?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19921152?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19242676?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19242676?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22030145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22030145?dopt=Abstract

	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Setting and patients
	Study protocol
	Definitions
	Statistical analyses

	Results
	Discussion
	Conclusions
	Key messages
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


