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Abstract Objective: To determine
the effects of increasing mean arterial
pressure (MAP) on renal resistances
assessed by Doppler ultrasono-
graphy in septic shock. Design and
setting: Prospective, single-center,
nonrandomized, open-label trial
in the surgical intensive care unit
in a university teaching hospital.
Patients and participants: 11 patients
with septic shock who required fluid
resuscitation and norepinephrine to
increase and maintain MAP at or
above 65 mmHg. Interventions:
Norepinephrine was titrated in
11 patients in septic shock during
three consecutive not randomized
periods of 2 h to achieve a MAP at
successively 65, 75, and 85 mmHg.
Measurements and results: At the
end of each period hemodynamic
parameters and renal function vari-
ables (urinary output, creatinine,

clearance) were measured, and
Doppler ultrasonography was per-
formed on interlobar arteries to assess
the renal resistive index. When in-
creasing MAP from 65 to 75 mmHg,
urinary output increased significantly
from 76 ± 64 to 93 ± 68 ml/h and the
resistive index significantly decreased
from 0.75 ± 0.07 to 0.71 ± 0.06. No
difference was found between 75 and
85 mmHg. Conclusions: Doppler
ultrasonography and resistive index
measurements may help determine in
each patient the optimal MAP for re-
nal blood flow and may be a relevant
end-point to titrate the hemodynamic
treatment in septic shock.

Keywords Septic shock · Nore-
pinephrine · Renal function · Renal
resistive index · Doppler ultrasonog-
raphy

Introduction

In septic shock, when fluid administration fails to restore
an adequate arterial pressure and organ perfusion, ther-
apy with vasopressor agents should be initiated. Updated
guidelines for hemodynamic support of adult patients with
sepsis recommend that vasopressors should be titrated to
the minimum level required to provide an effective organ
perfusion [1]. Adequate arterial pressure is the end-point
of vasopressor therapy but does not always mean adequate
organ blood flow.

The precise level of mean arterial pressure (MAP) re-
quired to optimize renal perfusion is still debated and cer-
tainly depends on each patient’s medical history. Monitor-

ing renal function is of great importance in intensive care
units [2]. To determine the optimal arterial pressure for re-
nal perfusion in septic shock patients the variables used
are usually urinary output as an index of renal blood flow
and creatinine clearance as an index of renal function [3,
4]. LeDoux et al. [3] observed that increasing MAP from
65 mmHg to 85 mmHg with norepinephrine infusion did
not affect significantly urinary output. More recently Bour-
goin et al. [4] reported that when MAP was increased to
85 mmHg by increasing the dose of norepinephrine in sep-
tic patients, urine flow and creatinine clearance were not
improved in comparison to a group of septic patients in
whom MAP was maintained at 65 mmHg. This is not sur-
prising because norepinephrine may have opposite effects
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on renal blood flow. Increase in systemic pressure may in-
crease blood flow both through a direct effect and by de-
creasing vascular resistance through flow-induced dilation
and/or changes in the number of perfused renal vessels.
However, vasoconstrictive effect of norepinephrine on re-
nal vessels may also exist when dose increases inducing
an increase in vascular resistances and reducing the renal
blood flow. The net balance of these two opposite effects is
difficult to evaluate in septic patients by usual parameters
of renal function because they do not reflect the acute renal
hemodynamic changes. In contrast the use of an ultrasono-
graphic variable, i.e., the renal resistive index (RI), can
directly and rapidly quantify modifications in renal blood
flow. For instance, Lerolle et al. [5] reported recently that
RI had a predictive value for acute renal failure in sep-
tic shock. This technique has also been demonstrated to
be useful in the field of nephrology since Radermacher et
al. [6] reported that a high RI value was predictive of poor
long-term allograft survival in renal transplant.

We postulated that this renal arterial resistance index
would be interesting to titrate early vasopressor therapy
in septic shock patients. Thus the present study aimed to
assess the effects of increasing MAP from 65 to 75 and
85 mmHg by titrating norepinephrine in septic shock, on
renal hemodynamics using not only usual indices of renal
perfusion but also renal arterial resistance index obtained
with Doppler ultrasonography.

Methods

The study included 11 patients. The protocol was approved
by our institutional ethics committee. Patients were in-
cluded in the trial if within the first 12 h after they had been
admitted in ICU for septic shock as defined by the Society
of Critical Care Medicine/American College of Chest
Physicians criteria [7]: (a) they were hemodynamically
stabilized, with hypotension requiring the administration
of vasopressor agents after correction of hypovolemia (the
diagnosis of infection was established using the Centers
for Disease Control criteria [8]), (b) written informed
consent from each patient’s next of kin was obtained,
and (c) the echographist was available for the period of
time required by the study. Exclusion criteria were any
preexisting disease affecting renal vascular resistance such
as unilateral kidney, renal stone disease, renal failure, or
renal artery stenosis.

General management

All patients had an arterial catheter and a central venous
catheter (both from Arrow International, Reading, Pa.,
USA). A urinary indwelling catheter was also inserted in
each patient. All patients were mechanically ventilated.
Sedation (with midazolam up to 5 mg/h) and analgesia

(with fentanyl up to 150 µg/h) was provided according to
individual needs. Patients were monitored with a trans-
esophageal Doppler probe (CardioQ, Deltex Medical,
UK). Treatment of septic shock was standardized follow-
ing the Guidelines of the American College of Critical
Care Medicine [1], including vasopressors to maintain
MAP at 65 mmHg, in addition to repeated fluid challenges
with crystalloids and artificial colloids (gelatin or hydroxy-
ethyl starch) to optimize stroke volume and to allow the
lowest dose of vasopressors to be used. Moreover, pulse
pressure variation (∆PP, expressed in percentage was used
to trigger fluid challenge (all patients had ∆PP< 13%) [9,
10]. Norepinephrine was the only vasopressor used in this
early phase.

Measurements

The study was divided into three consecutive periods of
2 h. During each period norepinephrine administration
was adjusted to maintain MAP at successively 65, 75 and
85 mmHg. Before increasing the dose of norepinephrine
and at the end of each period, measurements included
temperature, heart rate, arterial pressure, and cardiac
index. Arterial and venous blood samples were withdrawn
simultaneously, and blood gases and lactate concentra-
tions were measured. Age, sex, site of infection and the
Simplified Acute Physiology Score (SAPS) II were noted
(Table 1).

Renal measurements

Before increasing the dose of norepinephrine and at the
end of each period the 2-h urine output was measured,
and creatinine was simultaneously measured in serum and
in the 2-h urine collection. Renal Doppler measurements
were performed before increasing the dose of nore-
pinephrine and at the end of each 2-h period, and RI was
calculated. Renal Doppler was performed on interlobar
arteries by an intensive care investigator experienced in
the technique using a 2.5-MHz transducer working at
1.8 MHz for Doppler analysis (Fig. 1). The Doppler gain
was set in order to obtain a clear outline of flow waves

Table 1 Patients’ characteristics (SAPS: Simplified Acute Physiol-
ogy Score; IQR: interquartile range)

Sex: M/F 5/6
Age (years) 60 ± 18
Weight (kg) 77 ± 10
SAPS II, median (IQR) 57 (47–66)
Site of infection

Lung 4
Abdomen 6
Urinary 1
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Fig. 1 Doppler of renal interlobar arteries performed on a left kid-
ney. Data represents five consecutives waveforms with a normal IR
value of 0.647

with minimal background noise. Doppler spectrum was
considered optimal when at least three similar consecutive
waveforms were visualized. RI was calculated as: (peak
systolic velocity-end diastolic velocity)/peak systolic
velocity. RI value is independent of the angle between
ultrasound beam and blood flow. Three measurements
were performed on each kidney and RI values were
averaged to obtain mean RI values for each kidney. If the
difference in RI between the two kidneys was less than
0.05, the mean of the two RI values was noted; if not, the
patient was excluded because this difference could have
signed unilateral acute obstruction [11].

Statistical analysis

Results are reported as mean ± standard derivation except
SAPS II which is expressed as median and interquartile
range. Quantitative data were analyzed using Friedman’s
test (nonparametric test). Differences with p values less
than 0.05 were considered statistically significant. Post-
hoc analysis was performed using the Wilcoxon test.

65 mmHg 75 mmHg 85 mmHg pa

Heart rate (bpm) 103 ± 23 103 ± 27 102 ± 29 NS
Cardiac index (l min−1 m−2) 3.4 ± 0.8 3.6 ± 0.9* 3.7 ± 0.9 0.002
Norepinephrine (µg kg−1 min−1) 0.3 ± 0.2 0.5 ± 0.3* 0.7 ± 0.5 < 0.0001
Blood Lactate (meq .l−1) 2.8 ± 1.9 2.9 ± 2.1 2.9 ± 2.4 NS
Urinary output (ml h−1) 76 ± 64 93 ± 68* 96 ± 73 0.02
Serum creatinine (µmol l−1) 232 ± 123 234 ± 136 234 ± 141 NS
Creatinine clearance (ml min−1) 42 ± 31 42 ± 31 43 ± 32 NS
Resistance index 0.75 ± 0.07 0.71 ± 0.06* 0.71 ± 0.05 0.003

* p < 0.05 65 vs. 75 mmHg (Wilcoxon post-hoc test); a Friedman test

Table 2 Hemodynamic and
renal variables at mean arterial
pressure of 65, 75, and 85 mmHg

Results

The mean difference between left and right renal RI was
0.01 ± 0.01. No patient presented a difference larger
than 0.05. Hemodynamic and renal variables are reported
in Table 2. When increasing MAP from 65 to 75 and
85 mmHg with norepinephrine infusion, there was a sig-
nificant increase in cardiac index (p = 0.002) without
change in heart rate.

The mean standard derivation of RI for a single patient
and a single MAP was 0.02 which is comparable to values
reported in the literature [12]. Renal RI decreased signifi-
cantly from 0.75 ± 0.07 at MAP 65 mmHg to 0.71 ± 0.06
at MAP 75 mmHg (p = 0.003, Wilcoxon post-hoc test).
No significant difference in RI value was found when
increasing MAP from 75 to 85 mmHg. The individual
profiles of RI as a function of changing MAP are reported
in Fig. 2. An identification number is given to each patient
in Fig. 2. In two cases RI did not vary with changing MAP
levels; one patient had a normal RI regardless of the MAP
studied (patient no. 10), and in the other RI remained
increased even at the highest MAP studied (patient no. 1).
In one patient RI decreased when MAP was increased
from 65 to 75 mmHg but increased greatly when raising
MAP to 85 mmHg (patient no. 9). In the eight remaining
patients a significant decrease in renal resistance was
observed when increasing MAP from 65 to 75 mmHg.
No significant difference in serum creatinine or creatinine
clearance was observed. A significant increase in urinary
output was noticed when increasing MAP from 65 to
75 mmHg (p = 0.02, Wilcoxon post-hoc test), whereas no
difference was found between 75 and 85 mmHg.

Considering these results suggesting 75 mmHg as an
optimal value for renal function, a second group of patients
was performed in the study. Five additional patients in
septic shock and with the same criteria of inclusion and ex-
clusion (described above) were included. During the third
period norepinephrine was titrated down from 75 mmHg
to 65 mmHg (instead of 85 mmHg) to assure that the pre-
vious results were related to MAP and not to time. Each
period was 30 min long. During the three consecutive
periods (65, 75, and 65 mmHg) RI values were re-
spectively: 0.80 ± 0.06, 0.74 ± 0.06, and 0.78 ± 0.06.
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Fig. 2 Individual profiles of mean renal resistive index in the 11 sep-
tic patients included when mean arterial pressure is increased from
65 to 85 mmHg with norepinephrine. An identification number is
given to each patient from 1 to 11

A significant difference in RI values was found between
the first and second periods (p = 0.04) and between the
second and third periods (p = 0.04). No difference was
found between the first and third period. The individual
profiles of these patients’ RI as a function of changing
MAP are reported in Fig. 3.

Discussion

The present study shows that in patients with septic shock
a significant decrease in renal RI can be observed using
Doppler ultrasonography when increasing MAP by nore-
pinephrine from 65 mmHg to 75 mmHg. Thus Doppler
ultrasonography with RI calculation can be of interest in
the management of these patients to determine as early as
possible the optimal MAP level for renal perfusion. In this
prospective study we also report a significant increase in
urinary output associated with a significant improvement
in RI values when raising MAP with norepinephrine
in septic shock from 65 to 75 mmHg. In contrast, our

Fig. 3 Individual profiles of mean renal resistive index in five
septic patients when mean arterial pressure is increased from 65 to
75 mmHg with norepinephrine and decreased back to 65 mmHg. An
identification number is given to each patient from 12 to 16

results showed that in the studied patients, increasing
MAP from 75 to 85 mmHg was not associated with any
benefit in terms of urinary output or RI. Futhermore, RI
of the five additional patients included for whom MAP
was decreased from 75 mmHg to 65 mmHg (instead of an
increase to 85 mmHg) confirmed that the results of this
study were related to norepinephrine and not to time.

In 1974 Pourcelot [13] described the “resistance
Index” used in the assessment of Doppler velocity wave-
forms. Doppler of renal arteries is a rapid, noninvasive,
painless, repeatable, and easy to perform technique. When
applied to the kidney, this index reflects intrarenal vascular
resistance distal to the point of Doppler sampling. It also
presents sufficient reproducibility when performed on
the interlobar arteries [14]. A value of mean renal RI of
0.60 is considered as a normal value [12], whereas 0.70
is considered the upper threshold of the normal RI in
adults [15, 16].

The use of Doppler ultrasonography to assess renal
blood flow is increasing in many kidney diseases. For
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example, RI has been studied in ureteral obstruction [11,
17], evaluation of solitary kidney function [18], renal
transplant dysfunction [6] and several diseases such as
diabetic nephropathy and atherosclerosis [19]. RI is also
correlated to the progression of renal disease [20, 21]. In
2006 Lerolle et al. [5] reported the first application of RI
in the field of sepsis and intensive care. In this prospective
study the authors proved that in septic shock RI performed
on day 1 had a predictive value for acute renal failure
apparition in the 5 following days.

Renal perfusion may be compromised early in the va-
sodilated conditions of septic shock, and this often leads
to acute renal failure [22]. Current treatment of acute re-
nal failure in septic shock combines early fluid resuscita-
tion and administration of vasopressor agents such as nore-
pinephrine to maintain MAP above an “adequate” thresh-
old. Norepinephrine is currently recommended to restore
blood pressure, and its nephroprotective effects makes it
part of the septic shock treatment [23]. Nevertheless in
these circumstances one must balance improving regional
perfusion and inducing excessive vasoconstriction. Con-
sensus recommendations suggest that 65 mmHg is the ac-
ceptable lowest limit to maintain adequate global circu-
latory conditions. However, patients with underlying car-
diovascular disease may require higher levels of MAP be-
cause of shifts in their autoregulatory curves. Thus there
is no universal optimal MAP in septic shock patients, and
individual adjustment of MAP may be of value to obtain
optimal organ blood flow. One previous study which as-
sessed the role of norepinephrine on renal function in sep-
tic shock concluded that a MAP value of 65 mmHg should
not be the end-point, but that the best MAP should be de-
termined according to clearly defined perfusion goals [24].
The present study clearly showed that renal Doppler can
help to achieve this goal, allowing the optimal MAP to
be determined for each septic shock patient. Determining
the optimal MAP level not only on systemic parameters
but also on regional perfusion indices such as RI could be
beneficial as it may help optimizing organ perfusion. In our

study, increasing MAP with norepinephrine was associated
with a decrease in renal resistance and RI significantly de-
creased between 65 and 75 mmHg. This result is in agree-
ment with a recent animal study; Peng et al. [25] showed in
bacteremic dogs that increasing the dose of norepinephrine
is associated with a partial improvement of renal perfu-
sion.

We believe that our results may suffer from some
confounding variables. RI has been shown to be correlated
with age [26] and some cardiovascular risk factors in-
cluding atherosclerosis [19] or primary hypertension [27].
In our study only one patient had a history of untreated
hypertension (patient no. 1). It is interesting to note that
this patient is the only one in whom RI values remained
high and unmodified regardless of the MAP value. It has
already been proposed that such patients may benefit from
higher MAP levels because of a higher level of auto-
regulation in regional circulations. However, concerning
this patient, using RI, it is clear that there was no benefit
to increase MAP. Furthermore the nonrandomized and
open-label characteristics of this study are also a possible
confounder. Another limitation in our study is the small
number of patients, but the goal of our study was to
assess the effects of titrating norepinephrine to increase
MAP on renal arterial resistance and was not powered
to evaluate an improvement in renal function. Moreover,
creatinine clearance was calculated using the creatinine
concentration measured in a 2-h urine collection which
is questionable as a reliable estimation of creatinine
clearance [28]. Larger studies with a longer period of
assessment are needed to determine the impact, if any, of
early optimization of renal perfusion using renal RI on the
prevention of renal failure in septic shock.

In conclusion, we have shown that Doppler ultrasonog-
raphy and renal RI may help to determine in each patient
the optimal MAP for renal blood flow and can be a rele-
vant end-point to adjust hemodynamic treatment in septic
shock. This new parameter may be in the future an assess-
ment tool for renal perfusion in everyday ICU practice.
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