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Abstract Rationale: Short-term
hypoxemia affects diuresis and natri-
uresis in healthy individuals. No data
are available on the impact of the
mild hypoxemia levels usually toler-
ated in critically ill patients receiving
mechanical ventilation. Objec-
tives: To assess the renal effects of
mild hypoxemia during mechanical
ventilation for acute lung injury
(ALI). Methods: Prospective, phys-
iological study in 12 mechanically
ventilated patients with ALI. Patients
were studied at baseline with an
arterial saturation (SaO2) of 96%
[94–98] then a comparison was per-
formed between SaO2 values of
88–90% (mild hypoxemia) and
98–99% (high oxygenation). Main
results: FiO2 was set at 0.25
[0.23–0.32] and 0.7 [0.63–0.8],
respectively, to obtain SaO2 of 89
[89–90] and 99% [98–99]. Hemody-
namic or respiratory parameters were
not significantly affected by FiO2

levels. Compared with high oxygen-
ation level, mild hypoxemia using
low FiO2 was associated with
increase in diuresis (median [inter-
quartile range], 67 [55–105] vs. 55
[45–60] ml/h; P = 0.003) and in
doppler-based renal resistive index
(RI) (0.78 [0.66–0.85] vs. 0.72
[0.60–0.78]; P = 0.003). The 2-h
calculated creatinine clearance also

increased (63 [46–103] vs. 35 [30–85]
ml/min; P = 0.005) without change in
urinary creatinine (P = 0.13). No
significant change in natriuresis was
observed. Half of the patients were
under norepinephrine infusion and the
renal response did not differ accord-
ing to the presence of vasopressors.
Conclusion: In patients with ALI,
mild hypoxemia related to short-term
low FiO2 induce increases in diuresis
and in renal RI. This latter point
suggests intra-renal mechanisms that
need to be further investigated.

Keywords Intensive care unit �
Respiratory distress syndrome, adult �
Urinary tract physiology �
Renal failure, acute �
Doppler ultrasonography

Abbreviations

RI Resistive index
ARDS Adult respiratory distress

syndrome
ALI Acute lung injury
IQR Interquartile ranges
ICU Intensive care unit
PEEP Positive end-expiratory

pressure
Vt Tidal volume
FENa Excreted fraction of sodium

Intensive Care Med (2009) 35:1031–1038
DOI 10.1007/s00134-008-1372-5 ORIGINAL

http://dx.doi.org/10.1007/s00134-008-1372-5


Introduction

In mechanically ventilated patients, the inspired oxygen
fraction (FiO2) is set to reach ‘‘normal’’ levels of oxygen-
ation in arterial blood. The recommended values for arterial
saturation vary over a relatively large range, however, and
the possible consequences on tissue oxygenation are not
well understood. For instance, ventilation strategies have
been developed to limit lung injury induced by mechanical
ventilation in patients treated for acute lung injury (ALI) or
acute respiratory distress syndrome (ARDS) [1–3]. These
strategies usually seek to maintain the arterial oxyhemo-
globin saturation (SaO2, measured by pulse oximetry)
between 88 and 95%. Values at the lower end of this range
may help to minimize the adverse effects of oxygen,
including denitrogenation atelectasis [1, 3–5], but no
comparison of the effects of different targets on tissue
oxygenation has been performed.

Tissue oxygenation in the kidney is not uniform.
Normally, the partial pressure of oxygen is about
50 mmHg in the cortex and 10–20 mmHg in the medulla
[6, 7]. This pattern results from both glomerular filtration
and urine concentration processes, as the parsimonious
blood flow to the renal medulla preserves the osmotic
gradients. In healthy humans and in animals, short-term
hypoxemia (20 min to 3 h) of variable intensity (PaO2

between 30 and 60 mmHg) increases urinary output and
natriuresis [8–11]. In contrast, chronic hypoxemia related
to chronic respiratory failure is associated with a decrease
in urinary output [12–15]. In addition, both hypoxemia
and hypercapnia are associated with increased renal
resistance, their effects being synergistic [16–19].

In ICU patients, acute renal failure is a major prog-
nostic factor [20], but the effect of mild hypoxemia on
renal function has not been studied. Because of the prog-
nostic impact of acute kidney injury in ICU patients
[20, 21], it may be important to know whether the range
of recommended SaO2 values has an influence on kidney
function in critically ill patients. Therefore, this pre-
liminary study was designed to evaluate whether increase
in diuresis, natriuresis and renal resistive index (RI) pre-
viously reported in healthy subjects in response to mild
hypoxemia, at levels usually tolerated during mechanical
ventilation, could be also observed in critically ill patients.

The results of this study have been presented, in part,
at the Congress of the European Society for Intensive
Care Medicine, Berlin, Germany, 2007 [22].

Patients and methods

Patients

The study was approved by the ethics committee of the
French Society for Intensive Care Medicine (SRLF-CE

06-132) and took place between April and December
2006. A printed information sheet was given to each
patient’s next of kin. In the 13-bed ICU of our teaching
hospital, patients were enrolled if they received
mechanical ventilation for ALI or ARDS meeting the
definition of the American-European International Con-
sensus Conference [23]. At the time of the study, all
patients were in stable clinical condition, under continu-
ous intravenous sedation with midazolam and fentanyl
with a Ramsay score at 4 and ventilated in assist-control
mode whose settings were chosen based on the clinical
criteria by the attending physician before study initiation,
with an FiO2 not higher than 0.8. No neuromuscular
blocking agent was given for the purpose of the study and
sedation was not modified during the study. The SAPSII
score was determined at 24 h of ICU admission and the
LOD score was calculated at the time of study inclusion
[24, 25].

Noninclusion and exclusion criteria

Patients were not included when under 18-year-old, had
pregnancy, need for long-term oxygen therapy for chronic
obstructive pulmonary disease, or sickle cell disease.
They were excluded if, at the time of screening or later,
they presented any of the followings: acute ischemic heart
disease, hemodynamic instability (defined as a need for
fluid resuscitation within the last 6 h or for epinephrine or
norepinephrine in doses higher than 1 mg/h), arrhythmia,
and renal failure, either acute according to the RIFLE
definition, whatever the stage, or chronic with a basal
creatinine clearance below 30 ml/min as calculated using
the Cockroft and Gault formulae [26, 27], and when
diuretics had been given within the last 6 h. Patients who
had developed an acute renal failure prior to screening
were included only 48 h after full recovery of the renal
function.

Protocol

The primary objective of the study was to detect variations
in renal function, assessed by diuresis, natriuresis, and
doppler-based renal RI, as response to mild hypoxemia.
The secondary objective was to evaluate cardiovascular
and respiratory physiological response to mild hypox-
emia. Each patient was assessed first at baseline, with the
SaO2 obtained using the settings selected by the attending
physician, then we compared a low oxygenation level
(SaO2 between 88 and 90%; mild hypoxemia), and a high
oxygenation level (SaO2 of 98 to 99%). High and low
oxygenation levels were obtained entirely by titrating
FiO2. Since brief exposure to hypoxemia (1–2 h) were
demonstrated to be sufficient to detect significant renal
function changes in healthy subject, each period was
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maintained for 2 h [8–11]. There was no intermediate
washout period.

Monitoring and instrumentation

The electrocardiogram, heart rate, systemic arterial blood
pressure, and pulse oximetry (SpO2), were monitored
continuously. All patients had radial artery catheterization
with a 20-G plastic catheter for arterial pressure mea-
surement before the study and subsequently for collecting
arterial blood for determinations of pH, PaCO2, PaO2,
HCO3-, lactates and hemoglobin saturation. Arterial
oxygen content was calculated in volume percent as being
equal to [1.39 9 (oxygen saturation of arterial
blood) 9 (hemoglobin in g/dL)] ? (0.0031 9 PaO2 in
mmHg). Plasma sample were collected at the end of each
oxygenation level.

The 120-min urines were collected at the end of each
oxygenation level using a Foley catheter. Intra-abdominal
pressure was measured before study inclusion via the
bladder catheter after instillation of 25 ml of saline [28].

Renal perfusion indices were measured using Doppler
ultrasonography at the end of each oxygenation level. All
measurements were performed by the same investigator
(M. D.) using a 5-MHz transducer (Envisor, Philips
Medical Systems, Bothell, WA). In each patient, the right
or left kidney was selected depending on the ease of
access. After visualizing the kidney in gray scale and
color Doppler mode, the absence of signs of chronic renal
damage was checked. An interlobar or arcuate artery was
then selected and measurements were obtained using
pulse-wave Doppler. At least three readings were
obtained from the selected artery, and the mean of the
corresponding three determinations of the renal RI was
used for the study. RI was computed as the difference
between peak systolic velocity and end-diastolic velocity
over peak systolic velocity. RI is an index of resistance to
flow distal to the point of sampling. Lower RI is associ-
ated with less resistance to flow. RI values were compared
under each oxygenation condition, and also after correc-
tion for heart rate, as previously proposed: corrected
RI = RI - [0.0026 9 (80 – heart rate)] [29].

Hemodynamic indices

At baseline and at the end of each oxygenation level, the
following parameters were recorded: heart rate, arterial
pressure, urine output, and urinary electrolytes, creatinine,
urea, and urinary cystatin C. At the same time points, tidal
volume (Vt) and breathing rate (f) were read from the
ventilator. Plateau pressure (Pplat) and intrinsic PEEP
were measured after an occlusion maneuver performed at
end inspiration and expiration, respectively, and were

used to compute respiratory system compliance defined as
[tidal volume/(plateau pressure - total end-expiratory
pressure)].

Definitions

The fractional excretion of sodium (FENa) was calculated
as [(urinary sodium/plasma sodium)/(urinary creatinine/
plasma creatinine)] 9 100. Creatinine clearance over 2 h
was calculated as [urinary creatinine 9 urine output
(ml)]/[plasma creatinine 9 time (min)]. Urinary osmo-
lality was computed as [(urinary sodium ? urinary
potassium) 9 2 ? urinary urea)]. Free water excretion
was calculated as [diuresis (ml/min) - osmolar clear-
ance]. Osmolar clearance was calculated as [(urinary
osmolality/plasma osmolality) 9 diuresis (ml/min)].

Statistical analysis

As described in healthy subject [8–11, 17], the smallest
variation in renal parameters function in response to
hypoxemia, was expected to be the change in renal
resistive index. Sample size was therefore calculated upon
the supposed changes of renal resistive index. Twelve
patients were needed, in a two-sided test performed with a
0.05 type I error and a 0.1 type II error to detect an
absolute variation in resistive index between high and low
oxygenation of 10%, assuming a basal resistive index of
0.7 and a standard deviation of 0.10 [17].

Results are reported as medians and interquartile range
(IQR) or numbers and percentages (%), or mean ± SD to
express the percentage of changes. Categorical variables
were compared using Fisher’s exact test, and continuous
variables using nonparametric Wilcoxon test or Mann–
Whitney test for two-by-two comparisons.

All tests were two-sided, and P values lower than 0.05
were considered statistically significant. Statistical tests
were done using the SAS 6.12 software package (SAS
Institute, Cary, NC).

Results

The main characteristics of the 12 patients included in the
study are reported in Table 1. All patients had ALI and all
but one met the ARDS criteria. Baseline FiO2 was 0.50
and ranged from 0.40 to 0.80. At study inclusion, intra-
abdominal pressure measured via the bladder was
10 mmHg [8.5–12]. The Doppler analysis did not find any
sign of chronic renal failure in any patient. Five patients
have suffered from acute renal failure earlier during their
ICU stay and were included after recovery.
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Table 2 reports the main study results, with compari-
sons of low and high oxygenation conditions, also
showing the baseline condition. Below, we focus on
comparisons of low and high oxygenation levels. FiO2

and SaO2 at low oxygenation conditions were of 89%
[89–90] and 0.25 [0.23–0.32], respectively, compared
with 99% [98–99] and 0.70 [0.63–0.81] during high
oxygenation period. On average, arterial oxygen content
was 15 ± 9% higher during high compared to low oxy-
genation period.

Hemodynamic and respiratory variables

Echocardiography was performed in 9 of the 12 patients.
Hemodynamic parameters were not significantly influ-
enced by oxygenation level and no change was noted in
cardiac output or in systolic pulmonary arterial pressure
(Table 2).

Under sedation, no significant variation in respiratory
characteristics occurred between the two oxygenation
periods. Respiratory rate, PaCO2 and pH did not differ
between the two periods (Table 2).

Renal function

Low oxygenation was associated with an increase in
diuresis when compared with high oxygenation period (67
[55–105] vs. 55 [45–60] ml/h; P = 0.003) which occurred
in every patient (Fig. 1; Table 2). The calculated 2-h cre-
atinine clearance (P = 0.005) and urinary pH (P = 0.05)

also increased during high oxygenation period but urinary
creatinine level was not modified by low oxygenation.
Fractional sodium excretion and natriuresis were not
modified by changes in oxygenation.

Urinary osmolality was not modified during low
oxygenation period, therefore, accordingly to the
increased diuresis, low oxygenation period was associ-
ated with increases in osmolar clearance when compared
with high oxygenation period (1.71 ml/min [1.01–2.51]
vs. 1.01 ml/min [0.85–2.03]; P = 0.01), in CH2O/Cosmo

ratio (-0.32 [-0.18 to -0.45] versus -0.83 [-0.59 to -
0.92]; P = 0.01), and with no variations of free water
excretion. Urinary cystatin C excretion was not modified
by the oxygenation period.

Renal resistive index

Doppler-based RI was obtained under all three conditions
in all 12 patients. Precision of RI are reported in the
electronic supplementary material (Fig. E1 and 2). In the
baseline oxygenation condition, RI was 0.73 [0.59–0.80]
and correlated with age (q = 0.88; P = 0.0001) and
mean arterial pressure (q = -0.63; P = 0.03) (Figs. E3
and 4).

Low oxygenation was associated with an increase in
RI (0.78 [0.66–0.85] vs. 0.72 [0.60–0.78] during low and
high oxygenation periods, respectively; P = 0.003)
(Fig. 2). Similar results were obtained when RI was cor-
rected for heart rate ([0.78 [0.74–0.84] vs. 0.73 [0.70–
0.79] during low and high oxygenation period;
P = 0.003).

The impact of oxygenation period on RI values was
similar in patients with (n = 6) and without (n = 6)
vasopressor therapy (Fig. E5). No correlations were found
between the renal response to oxygenation and hemody-
namic, respiratory or oxygenation variables.

Discussion

We report the first study specifically designed to compare
the renal effect of a low or high oxygenation level with
two levels of arterial oxygen content, in critically ill
patients requiring mechanical ventilation. When com-
pared with a high FiO2 level, short-term exposure to low
FiO2 and oxygenation translated into a consistent increase
in diuresis and was accompanied in all patients by an
increase in the Doppler-based renal RI.

Although hypoxemia has well-known renal effects, no
data were available on the renal effects of mild hypox-
emia during mechanical ventilation of ICU patients.
Studies of healthy volunteers evaluated the effects of
more profound hypoxemia (FiO2 10–12%, i.e., PaO2 in

Table 1 Patient characteristics

n (%) or median [IQR]

Age (years) 63 [42–72]
Male gender 10 (83%)
BMI (kg/m2) 23.9 [21.3–27.9]
SAPS II (at admission) 42 [34–52]
LOD (at study inclusion) 6.5 [6–7]
Admission to inclusion (days) 7 [3–14]
PaO2/FiO2 ratio 167 [131–177]
Vt (ml/kg PBW) 6.2 [5.6–6.9]
PEEP level (cm H2O) 9 [5–11]
Respiratory sytem

compliance (ml/cm H2O)
33 [26–41]

Vasopressors 6 (50%)
Hemoglobin (g/dl) 10.4 [7.5–12.3]
Creatinine (lmol/L) 72 [57–92]
FENa (%) 0.4 [0.19–2]

BMI body mass index (weight/height2), SAPSII simplified acute
physiology score [24], LOD logistic organ dysfunction score, which
can range from 0 to 22 [25], FiO2 fraction of inspired oxygen, Vt
tidal volume, PBW predicted body weight, PEEP positive end-
expiratory pressure, FENa fractional excretion of sodium, Admis-
sion to inclusion: time (in days) between admission to the ICU and
inclusion in the study
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the 30–40 mmHg range) than usually tolerated in ICU
patients [10, 30–32]. Whereas alterations in renal hemo-
dynamic and function can be generated by multiple
factors in critically ill patients, the renal impact of mild
hypoxemia in our study was consistent with data obtained
outside of the ICU setting. Interactions between kidney
function and hypoxemia have been studied in animals,
healthy volunteers, and in patients with chronic obstruc-
tive pulmonary disease. Increased diuresis and natriuresis
occur in response to acute hypoxemia [8, 10, 11, 30, 32].
Hemoconcentration and decrease in sodium reabsorption
might be adaptative mechanisms of oxygen transport and
consumption.

In our study population, hypoxemia was associated
with an increase in doppler-based renal RI. Previous
studies produced conflicting results, with renal resistance
being increased, decreased, or unchanged during short-

term hypoxemia [16, 19, 32–36]. However, pentobarbital
anesthesia was used consistently in animal studies and
may have modified the vasomotor response to hypoxemia
[17]. In our patients, the sedative infusion rate was kept
constant throughout the study. In addition, renal perfusion
assessment in early studies was based on the effective
renal plasma flow as estimated from the clearance
of p-aminohippurate or 131I-hypuran [8, 32–34, 36], a
method that requires the proximal tubule cells to transfert
p-aminohippurate from the peritubular capillaries to the
tubules [37]. Hypoxemia may alter proximal tubule
function, making estimates of effective renal plasma flow
poorly reliable [17, 32, 37]. Our data are in agreement
with several studies in which both hypoxemia and
hypercapnia were associated with increases in doppler-
based renal resistance in patients with chronic obstructive
pulmonary disease, in healthy volunteers, or in renal

Table 2 Hemodynamic, respiratory, and renal parameters under the three oxygenation conditions

Baseline SaO2 88–90%
Low oxygenation

SaO2 98–99%
High oxygenation

P value
Low versus high

Hemodynamic parameters
Heart rate (breaths/min) 80 [67–92] 83 [71–96] 78 [67–97] 0.12
Systolic arterial pressure (mmHg) 122 [110–138] 124 [118–140] 117 [115–143] 0.75
Mean arterial pressure (mmHg) 78 [74–87] 80 [75–86] 78 [73–92] 0.35
Blood lactates (mmol/l) 1.1 [0.8–1.3] 1.0 [0.7–1.2] 0.8 [0.7–1.1] 0.09

Echocardiography (n = 9)
Peak tricuspid regurgitant jet velocity (m/s) 2.9 [2.3–3.3] 2.7 [2.5–3.5] 2.9 [2.6–3.4] 0.75
Systolic arterial pulmonary pressure (mmHg) 34 [21–44] 35 [27–47] 35 [28–40] 0.71
Cardiac output (L/min) 5.2 [4.3–5.8] 6.2 [4.8–6.5] 5.7 [4.7–6.6] 0.67

Respiratory parameters
Respiratory rate (breaths/min) 20 [18–25] 21 [19–27] 21 [19–25] 0.56
pH 7.39 [7.37–7.42] 7.42 [7.39–7.49] 7.42 [7.40–7.43] 0.41
PaCO2 (mmHg) 42 [35–58]§ 37 [34–51] 38 [37–54] 0.24
SaO2 (%) 96 [94–98]§ 89 [89–90] 99 [98–99] 0.003
PaO2 (mmHg) 88 [69–102]§ 55 [53–60] 128 [109–138] 0.003
HCO3- (mmol/l) 27.9 [24.5–33.2] 28.3 [24.9–33.6] 27.6 [24.1–34.6] 0.92
CaO2 (ml oxygen per dl of blood) 14.0 [10.7–14.9]§ 13.7 [10.1–14.1] 15.4 [11.6–16.1] 0.002
FiO2 0.50 [0.40–0.70] 0.25 [0.23–0.32] 0.70 [0.63–0.81] \0.001

Renal characteristics
Diuresis (ml/h) 47 [32–64]§ 67 [55–105] 55 [45–60] 0.003
Natriuresis (mmol/l) 44 [13–125] 53 [26–125] 50 [24–116] 0.17
FENa (%) 0.4 [0.2–2.0]§ 0.6 [0.5–2.3] 0.7 [0.36–1.88] 0.06
Kaliuresis (mmol/l) 36 [20–68]§ 28 [17–57] 43 [18–60] 0.06
2-h creatinine clearance (ml/min) 44 [32–95]§ 63 [46–103] 35 [30–82] 0.005
Urinary creatinine (mmol/l) 4.9 [1.48–8.35] 5.6 [1.30–7.36] 4.54 [2.05–7.18] 0.13
Urinary pH 6 [5–6]§ 6 [6–7] 6 [5–6] 0.05
Urinary osmolality (mmol/l) 458 [348–558] 449 [372–566] 459 [368–563] 0.37
Free water excretion (ml/min) -0.27 [-0.46– -0.16]§ -0.34 [-0.78– -0.26] -0.90 [-2 – -0.55] 0.14
Urinary cystatin C (mg/L) 0.16 [0.09–0.3] 0.14 [0.08–0.3] 0.16 [0.1–0.4] 0.26

Renal Doppler
Resistive index 0.73 [0.59–0.80]§ 0.78 [0.66–0.85] 0.72 [0.60–0.78] 0.003

Results are expressed as median [IQR]. The represented P value is
the results of comparison of high oxygenation with low oxygena-
tion period using Wilcoxon’s nonparametric test
§ P \ 0.05 when comparing the three periods using Friedman’s
nonparametric test
FeNa: fractional excretion of sodium [(urine sodium/blood
sodium)/(urine creatinine/plasma creatinine)] 9 100
Creatinine clearance: [urine creatinine 9 urine volume (ml)]/
[plasma creatinine 9 time (min)]

Resistive index (RI) was calculated as [(peak systolic velocity –
minimum diastolic velocity)/peak systolic velocity]
Urinary osmolality was calculated as [(urine sodium ? urine
potassium) 9 2 ? urine urea)]
Free water excretion was calculated as [diuresis (ml/min) -
Osmolar clearance]
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transplant recipients [16–19, 33]. The RI increase found
in our study may reflect an increase in pre- and/or post-
glomerular and/or peritubular capillary resistances. An
increase in glomerular filtration pressure seems, however,
unlikely because increased RI values are generally
thought to indicate decreased renal perfusion and the
development of renal injury [38, 39]. In addition, increase
of resistive index as response to hypoxemia has been
shown to occur in renal transplant recipients suggesting

that this effect is not because of pre/postglomerular
resistances regulation by the renal sympathetic nerves
[17, 40].

The pathophysiological mechanisms underlying the
renal response to mild hypoxemia documented in our
study remain unclear. An hypoxic ventilatory response
may have contributed to the diuretic response to hypox-
emia in some studies [30, 41]. Hypoxic ventilatory
response was, however, not present or minimal in our
patients under continuous sedation. Another suggested
mechanism is activation of the sympathetic system, which
may increase cardiac output [42]. However, hemody-
namic parameters showed no significant variations in our
study. Interestingly, we found no increase in urinary
cystatin C, which is used as marker for tubular dysfunc-
tion [43]. This suggests that the short-term effect of
hypoxemia documented in our study could reflect a
functional alteration of peritubular capillaries, or tubular
cells without tubular lesions. In addition, we found an
increase in creatinine clearance during the low oxygena-
tion period. However, the limitations of urinary creatinine
clearance over 2 h preclude any firm conclusion. An
increased glomerular filtration rate with unchanged
tubular function is uncertain because the observed varia-
tion of creatinine clearance was a pure consequence of
diuresis increase alone without variations of urinary cre-
atinine and will thus need confirmation before ensuring
this reflects a change in glomerular filtration. Alteration in
tubular function without change in glomerular filtration
rate may also explain this result; however, we did not find
significant variations of cystatin C, natriuresis and kaliu-
resis related to hypoxemia.

The order of the low and high sequences was not
randomized, which can be a limitation for the interpre-
tation of the results. The primary reason was that we
considered that the baseline value would be much closer
to the high oxygenation than the low oxygenation period,
making a sort of control. This would ensure that a rapid
physiological response, such as vascular changes, could
be comparable during these two periods. This was indeed
the case, since RI was found similar during the baseline
and the high FiO2 periods (P = 0.58). Ideally, a washout
period would have been required between the different
FiO2 levels, but this would have extended the study
duration from 6 to 10 h with a much greater risk of not
keeping a relative steady state over a longer period in
these critically ill patients. Therefore, although question-
able, this seemed to be the simplest study design for such
a preliminary study. The consistency of our results with
physiological observations in healthy subjects suggests
that the order of the sequences had probably little influ-
ence.The small number of patients in our study may have
diminished our ability to detect the effects of mild hyp-
oxemia on hemodynamic or respiratory variables.
Nevertheless, we found important and highly consistent
variations in renal function or perfusion in response to

Fig. 1 Effect of mild hypoxemia on diuresis (ml/h). Individual
values (gray lines) and median (black line) under the three
oxygenation conditions. Wilcoxon’s nonparametric test was used
for comparisons of low oxygenation with high oxygenation period

P<0.0001

Renal resistive index

1.0

0.9

0.8

0.7

0.6

0.5

0.4

2OiF hgiH 2OiF woLenilesaB

Fig. 2 Effect of mild hypoxemia on resistive index values.
Individual values (gray lines) and median (black line) under the
three oxygenation conditions. Wilcoxon’s nonparametric test was
used for comparisons of low oxygenation with high oxygenation
period
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mild hypoxemia. The potential beneficial or detrimental
effects of the changes in renal function observed in our
study remain difficult to predict. The clinical significance
of these changes needs to be further evaluated since this
study does not provide information on their long-term
clinical significance. Renal response to hypoxia may also
differ in case of decreased perfusion pressure [44]. This
study, however, provides for the first time the evidence of
a substantial renal effect of hypoxemia, justifying the
need for further research to evaluate long-term renal
effects and safety of hypoxemia levels usually tolerated in
the ICU.

In conclusion, when compared with high oxygenation
levels, low levels of oxygenation are associated with
substantial and consistent modifications in renal function
including increases in diuresis and renal RI. Whether
these effects persist over time or adversely influence renal
function, as well as their pathophysiological mechanisms,
remains to be elucidated.

Acknowledgments The authors are greatly indebted to Prof.
Gerard Friedlander (Hopital Européen George Pompidou) for his
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