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Abstract

Background: The renal Doppler resistive index (renal Rl) is a noninvasive tool that has been used to assess renal
perfusion in the intensive care unit (ICU) setting. However, many parameters have been described as influential on the
values of renal RI. Therefore, we proposed this study to evaluate the variables that could impact renal Rlin critically ill
patients.

Methods: A prospective observational study was performed in a 14-bed medical-surgical adult ICU. All consecutive
patients admitted to the ICU during the study period were evaluated for eligibility. Renal Rl was performed daily until
the third day after ICU admission, death, or renal replacement therapy (RRT) requirement. Clinical and blood test data
were collected throughout this period. Acute kidney injury (AKI) reversibility was categorized as transient (normaliza-
tion of renal function within 3 days of AKI onset) or persistent (non-resolution of AKI within 3 days of onset or need for
RRT). A linear mixed model was applied to evaluate the factors that could influence renal RI.

Results: Eighty-three consecutive patients were included. Of these, 65% were male and 50.6% were medical admis-
sions. Mean SAPS 3 was 47 £ 16. Renal Rl was significantly different between no-AKI (0.64 4 0.06), transient AKI
(0.64£0.07), and persistent AKI groups (0.7040.08, p <0.01). Variables associated with renal Rl variations were mean

observed (p=0.868).

ultrasonography

arterial pressure, lactate, age, and persistent AKI (p <0.05). No association between serum chloride and renal Rl was

Conclusions: Mean arterial pressure, lactate, age, and type of AKI might influence renal Rl in critically ill patients.
Keywords: Acute kidney injury, Renal resistive index, Intensive care unit, Chloride, Critical care, Doppler

Background

Acute kidney injury (AKI) is a common condition in crit-
ically ill patients with high morbidity and mortality rates,
particularly in cases of persistent AKI [1]. The renal Dop-
pler resistive index (renal RI) has recently been suggested
as a bedside tool in critically ill patients. It is a rapid and
noninvasive technique that allows evaluation of renal
hemodynamics through the analysis of flow velocities
through the renal arterioles obtained by pulsed Doppler
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and indicate if changes were made.

ultrasonography [2-5]. In recent years, renal RI has been
used with a wide variety of renal conditions for diagnos-
tic and prognostic evaluation, such as evaluation of renal
graft rejection after transplantation [6, 7], assessment of
the progression of chronic renal disease [8], and evalu-
ation of renal artery stenosis in patients with systemic
arterial hypertension [9, 10]. In the intensive care unit
(ICU) setting, a recent meta-analysis showed that renal
RI might be an accurate tool to assess the reversibility of
AKIl in critically ill patients [2].

However, it has been acknowledged that the name
of the method is unfortunate, since many systemic and
local factors other than vascular resistance are prob-
ably more relevant to the values given by renal RI (e.g.,
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arterial compliance, mean arterial pressure, and systemic
vascular disease markers) [11-13]. Nevertheless, the fac-
tors that might influence renal RI in critically ill patients
are not yet fully understood [5, 14] since previous studies
were all in other settings. Notably, some data suggested a
relationship between serum chloride and renal vascular
resistance [15]. Thus, the goal of our study was to evalu-
ate the factors that could impact renal RI in critically ill
patients.

Materials and methods

Settings and patients

A prospective observational study was performed in a
14-bed medical-surgical intensive care unit (ICU), from
November 2013 to October 2014, approved by local eth-
ics committee (Hospital das Clinicas, University of Sao
Paulo, Brazil-Protocol Number 335.619). As the data
were collected during standard routine care performed
in the ICU, the same committee waived the need for
informed written consent. Since previous data suggested
an association between serum chloride and renal vascu-
lar resistance [15], we evaluated the association between
these two variables in a pilot observation with the first 15
patients included. This analysis was planned before data
collection, and it was necessary due to the lack of data
regarding the association between chloride and renal RI.
We observed a positive correlation between these two
parameters (Spearman correlation, p=0.348, p<0.05).
Thus, with a=0.05 and a $=0.10, we estimated a sample
size of 83 patients [16].

Inclusion criteria were all patients admitted to the ICU
with an expected length of stay longer than 72 h. Exclu-
sion criteria were age under 18 years, pregnancy, known
artery renal stenosis, chronic kidney disease defined by a
glomerular filtration rate of less than 30 mL/min/1.73 m?,
cirrhosis with hepatorenal syndrome, use of renin—angi-
otensin—aldosterone antagonists, absence of a vesical
indwelling catheter during the study period, and AKI on
renal replacement therapy (RRT) or with an expectation
of RRT within 24 h.

Study protocol

Each patient included was studied within the first 24 h
after ICU admission. The same operator performed renal
RI daily until the third day after ICU admission, death,
or RRT requirement, whichever occurred first. A fully
trained investigator who performed the measurements
was not in charge of the patients, and the physicians in
charge were unaware of the results of the renal RI. RI was
performed only after hemodynamic stabilization defined
as the mean arterial pressure greater than 65 mmHg for
more than 1 h without any fluid loading or any change
in the rate of catecholamine infusion. The ventilator
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settings and sedative infusion rates (if applicable) were
unchanged for at least 1 h before renal RI.

An ultrasound machine (GE Healthcare® LOGIQ P5,
Wisconsin, USA) with a 4 MHz curved-array transducer
was used. Renal RI was obtained from a posterolateral
approach from the right kidney in all but three patients. B
mode allowed kidney localization and detection of signs
of chronic renal disease. An interlobar or arcuate artery
was identified and then selected. The Doppler spectrum
was considered optimal when at least three similar con-
secutive waveforms were visualized. The peak systolic
velocity (V,,,,) and the minimal diastolic velocity (V)
were determined by pulse wave Doppler. RI was calcu-
lated as (Vi — Vinin)/ Vimax- At least, three recordings
were obtained from the selected arteries, and the mean of
three RI was used to the analysis [3].

Patient demographics, SAPS 3 score [17], SOFA score
[18], comorbidities, daily urine output and fluid bal-
ance, use of vasopressors, use of loop diuretics, use of
mechanical ventilation, and renal replacement therapy
requirement during the first 3 days of the ICU stay were
recorded. Both ICU and hospital mortality were also
recorded. Blood samples were collected routinely, once
daily, just after renal RI measurements.

AKI diagnosis and reversibility

AKI was evaluated at admission and daily during the ICU
stay; it was defined according to KDIGO criteria [19],
which proposed AKI as any of the following: increase
in serum creatinine (sCr) greater or equal to 0.3 mg/dL
within 48 h; or increase in sCr to greater or equal than
1.5 times baseline that was known or presumed to have
occurred within the prior 7 days; or urine output less
than 0.5 mL/kg/h for 6 h. Baseline serum creatinine was
defined as the lowest value in the previous 3 months
before ICU admission. In the absence of known baseline
sCr, the nadir of sCr after renal recovery was used. In the
absence of renal recovery, baseline sCr was estimated by
using the Modification of Diet in Renal Disease (MDRD)
formula.

AKT’s reversibility was categorized as transient or per-
sistent. Transient AKI was defined as a 50% decrease in
sCr or normalization of urine output within 3 days. Per-
sistent AKI was defined as persistent elevated sCr, oligu-
ria for at least 72 h or need of RRT [20].

Data analysis

Continuous parametric and nonparametric variables
were presented as the mean (standard deviation) and
median (25th; 75th percentiles) and were compared using
the ¢ test and Mann—Whitney test, respectively. Categori-
cal variables were expressed as absolute (1) and relative
(%) frequency and were compared by the Chi-square
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test with Yates correction. Comparison between three
groups was made using Kruskal-Wallis and ANOVA for
nonparametric and parametric variables, respectively.
Correlations tests were performed using the Spearman
correlation coefficient.

A linear mixed model was applied to evaluate the
association between renal RI values and the variables of
interest and to account for repeated measures. Renal RI
was assessed as a dependent variable, and hemodynamic
data, SAPS 3, presence of sepsis, use of vasoactive drugs,
age, AKI category (absent, transient or persistent), and
laboratory values were evaluated as fixed covariates.

All analyses and graphs were generated using R project
3.0.2 (www.r-project.org) and SPSS Statistics 19 (Chi-
cago, Illinois, USA). A p value of less than 0.05 was con-
sidered statistically significant in all cases.

Results

Eighty-three consecutive patients were included in the
study. The flowchart with the total of eligible patients
during the period and the exclusion criteria are listed
in Fig. 1. General characteristics of patients upon ICU
admission according to AKI category (no AKI, transient
AKI, and persistent AKI) developed during the obser-
vation period are described in Table 1. No differences
were observed between the three groups when variables
such as age, gender, need for mechanical ventilation, and
need for vasoactive drugs were analyzed. There were also
no statistically significant differences among the rates
of comorbidities presented in the various groups. SAPS
3 was significantly higher in the group of patients who
developed persistent AKI than in the group of patients
who developed transient AKI and the group who did not
develop AKI during the observation period. The main
cause of ICU admission was multiple traumas followed
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by neurological syndromes and sepsis, with respiratory
infections being the most frequent cause (52%). The ICU
and hospital mortality rates were significantly higher in
the group of patients who developed persistent AKI than
in the other groups (p=0.03).

Sixty-two patients (74%) developed acute renal injury
during the study period; 53 patients (64%) already had
the diagnostic criteria of AKI on admission to the ICU
and the other nine patients (10%) developed AKI during
the first 24 h after admission. A total of 58% of patients
who already had AKI on admission developed persistent
AKI, and 42% had transitory AKI. Sixty-six percent of
patients who developed AKI in the first 24 h after admis-
sion to the ICU showed changes consistent with per-
sistent AKI. Only 13% of patients who developed AKI
during the study period needed RRT.

The systemic, hemodynamic, and laboratory variables
collected during the study period, according to the AKI
category, are described in Table 2. Hemodynamic param-
eters such as heart rate, mean arterial pressure, serum
lactate levels, and need for vasoactive drugs were not
different among the groups. Twenty-four-hour fluid bal-
ances were similar among the groups on the first 2 days
of observation, but with negative mean values on the
third day in the group of patients without AKI (p<0.05
between groups). There were no differences in serum
chloride values among the groups during the period.

Renal RI behavior according to AKI category during
the study is shown in Fig. 2. Consistently higher values
of renal RI were observed in patients with persistent AKI
than in patients with transient AKI or patients without
AKI on days 1 and 2 (p <0.05).

The linear mixed model results to assess the influence
of potential variables on renal RI are described in Table 3.
The only variables that demonstrated an association with

November 2013 and October 2014

420 patients admitted to the ICU between

315 eligible patients with expectation of ICU

length-of-stay exceeding 72 hours

232 excluded patients:

- 94 patients without indwelling catheter

- 84 patients with chronic kidney disease

- 43 patients with AKI already in RRT or with
RRT expectation in less than 24 hours of ICU admission

- 11 patients with advanced liver cirrhosis

83 patients included in the analysis

Fig. 1 Flowchart of patients eligible and included in this study

RRT: renal replacement therapy. ICU: Intensive care unit
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Table 1 Baseline characteristics of patients and main outcomes according to acute kidney injury categorization

Characteristics No AKI (n: 21) Transient AKI (n: 25) Persistent AKI (n: 37) Overall (n: 83)
Male gender, n (%) 10 (47) 20 (80) 24 (65) 54 (65)
Medical admission, n (%) 8(38) 11 (44) 23 (62) 42 (51)
Age, years 50 (38; 59) 43 (22; 64) 54 (32;69) 51(31;64)
SAPS 3 414£15° 45+ 14° 53412 47 £16
Mechanical ventilation, n (%) 12 (57) 14 (56) 16 (43) 42 (51)
Vasopressor therapy, n (%) 5(24) 11 (44) 18 (49) 34 (41)
Main diagnosis, n (%)
Multiple trauma 3(14) 12 (48) 7(19) 22 (26)
Neurological syndromes 7 (33) 5(20) 8(22) 20 (24)
Sepsis 3(14) 2(8) 13 (35) 18 (22)
Acute abdomen 29 4(16) 3(8) 9(11)
Associated diseases, n (%)
Arterial hypertension 9 (42) 8(32) 17 (46) 34 (41)
Diabetes mellitus 4(19) 2(8) 8(22) 14 (17)
Solid neoplasms 209 3(12) 5(13) 10(12)
Chronic heart failure 1(5) 1(4) 8(22) 10 (9)
Coronary arterial disease 3(14) 0(0) 4(11) 6 (8)
RRT®, n (%) 0 0 8(22) 8(10)
ICU mortali‘[yb, n (%) 4(19) 5(20) 14 (38) 23 (27)
Hospital mortalityb, n (%) (19) 5(20) 17 (46) 26 (31)

RRT renal replacement therapy, ICU intensive care unit, AK/ acute kidney injury
2 p<0.05 compared to persistent AKI

b p<0.05, using Chi-square with Yates correction

renal RI were mean arterial pressure, lactate, presence of
persistent acute renal injury, and age. Serum lactate and
age were positively associated with renal RI, whereas
mean arterial pressure displayed a negative association
in the model. There was no association between serum
chloride and renal RI (p =0.868).

Discussion

In this study, renal RI values during the ICU stay were
significantly higher in the group of patients with persis-
tent AKI than in the other groups. Variables associated
with renal RI were age, mean arterial pressure, serum lac-
tate levels, and presence of persistent acute renal injury,
but serum chloride levels were not associated with renal
RI. The interactions between factors that influence renal
RI are multifaceted, and understanding the associations
among these variables is essential to correctly interpret
the technique.

Renal RI values showed very specific behavior during
the study, with changes according to the presence and
evolution of AKI, and were consistently higher in the
group of patients with persistent AKI than in the other
groups of patients without AKI or with transient AKI.
These latter groups exhibited similar renal RI behavior. It
is believed that the transient AKI behavior is due to only

reversible and non-structural functional changes [3, 21,
22]. Therefore, the fact that we did not observe a differ-
ence between renal RI values in patients without AKI and
patients with transient AKI suggests this pathophysiolog-
ical foundation.

Thus, it is important to understand the factors that
may influence renal RI in critically ill patients. We eval-
uated the influence of variables known to be associated
with renal RI and those with evident pathophysiological
background to influence the method. The variables such
as sepsis, SAPS 3, age, serum chloride, use of vasoactive
drugs, mean arterial pressure, heart rate, lactate, and
presence of acute kidney injury according to its reversi-
bility were included in the model. Only age, lactate, mean
arterial pressure, and presence of persistent acute renal
injury were associated with renal RI.

The association between acute kidney injury and renal
RI suggests a pathophysiological reasoning, reflecting
the renal structural alterations in the tubule-interstitial
and vascular compartments and consequent increases in
renal impedance values [14, 23]. On the other hand, the
positive association between age and renal RI, observed
in the model, potentially reflects vascular changes due to
aging, with loss of large vessel compliance and increased
aortic impedance [6, 24—27].



Oliveira et al. Ann. Intensive Care (2019) 9:23

Table 2 Hemodynamic and laboratorial data according
to acute kidney injury category

No AKI Transient AKI Persistent AKI p

Mean arterial pressure (mmHg)

Day1 86416 87413 84415 0.55

Day2 89+16 88411 86118 0.85

Day3 86+12 90+17 84412 0.72
Pulse pressure (mmHg)

Day1 35+6 35+6 34+6 0.78

Day2 36+7 3445 3547 084

Day3 34+£5 3748 3545 0.69
Norepinephrine use (%)

Day1 19 32 38 033

Day2 18 30 44 0.27

Day3 8 10 27 0.26
Heart rate (bpm)

Day1 83+18 93+20 92422 0.18

Day2 81416 86415 91419 0.16

Day3 80+£13 85+£14 95+20 0.05

Lactate (mmo/L)

Day 1 1.88(1.66;2.55) 188 (144;2.77)  233(1.77;311) 018
Day2 1.83(1.44;2.19) 172(136;211)  233(136;2.11)  0.16
Day3 1.77(15;20) 155(1.11;233)  2.0(166;2.33) 048
Serum chloride (mEg/L)
Day1 107478 105+5 106+6 0.71
Day2 10647 1085 10748 0.79
Day3 106+6 10646 10849 0.69
Fluid balance—24 h (mL)
Day 1 273(—429,675) 454 (—520;849) 311 (70;981) 0.58
Day2 89 (—272;358) 217 (—168;1950) 839 (98; 1600) 007
Day3 —467 (—621; 961 (636;1624) 531 (34;1275) 001
473)2P
Renal R
Day1 06540077 0.6440.07° 0714008 <001
Day2 0634007° 0.64 4 0.06° 0.7140.09 <001
Day3 0644005 0.6440.07 06940.08 0.12

Rl resistive index, AKl acute kidney injury
@ p<0.05 compared to transient AKI
b p<0.05 compared to persistent AKI

The negative association between mean arterial blood
pressure and renal RI was intriguing. It might reflect the
role of systemic blood pressure in renal vascular resist-
ance. Increased mean blood pressure may lead to a reduc-
tion in renal vascular resistance due to flow-induced
renal vasodilation or due to increasing the number of
perfused renal vessels, leading to lower renal RI values
[28, 29]. Although the mechanism of this association has
not been completely elucidated, it has been described
since 1988 [30] and observed by others [28, 29].
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Category

——No AKI
=== Transient AK|

0.734 I——Persistent AKI

0.704 ~

0.68

Renal RI

0.65+

0.63

0.60

Day
Fig. 2 Mean renal Rl values according to acute kidney injury
category. AKl acute kidney injury, Rl renal resistive index. Error bars
represent & 1 standard error of the mean

To the best of our knowledge, the positive association
of renal RI and lactate was first described in this study.
After analyzing lactate as an isolated severity marker,
the study found no differences between values of lactate
according to AKI category during the observation period,
although higher mean lactate values were observed in
the group of patients with persistent AKI. The positive
association observed between renal RI and lactate could
indicate that high renal RI values may be associated with
greater clinical severity. These data are corroborated by a
recent description of an independent association of renal
RI with ICU mortality in patients with high renal RI val-
ues measured at the time of AKI diagnosis [31].

No association was observed between serum chloride
and renal RI in the final model. Although serum chloride
had a significant physiological relevance in the determi-
nation of renal vascular resistance through the depolari-
zation of smooth muscle cells of the renal arterioles [32,
33], chloride-dependent vasoconstriction of the renal
arterioles would only be a part of one of the determinants
of renal RI. Recently, randomized clinical trials reported
no association between infusions of chloride-rich solu-
tions and clinical outcomes such as acute perioperative
renal injury in patients undergoing heart surgery [34] and
AKI in critically ill patients [35]. Our data were consist-
ent with these latest findings, to the detriment of the sev-
eral observations in physiological studies regarding the
positive association between serum chloride and renal RI
[5].

Overall, our findings suggest an association between
illness severity and renal RI. It could be speculated that
through many different pathophysiological pathways,
those patients with higher severity (those with low blood
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Table 3 Variables associated with renal Rl affording linear mixed model results

Parameter Coefficient Standard error 95% confidence interval P
Lower bound Upper bound

Age (years) 0.0018 0.0003 0.0011 0.0026 <0.01

AKI persistent 0.0474 0.1821 0.0837 0.0110 0.01

Lactate (mmol/L) 0.0108 0.0034 0.0040 00176 <0.01

Mean arterial pressure —0.0007 0.0002 —0.0013 —0.0001 0.01

(mmHg)

Model included sepsis, SAPS 3, age, serum chloride, vasopressor therapy, mean arterial pressure, heart rate, lactate, and AKl according to its reversibility (fixed effects)

AKl acute kidney injury

pressure who are older with more pronounced arterial
stiffness, hyperlactatemia, and established AKI) have
higher renal impedance that translates into higher renal
RI values. This might explain previous observations cor-
relating renal RI with worse outcomes [2].

Limitations

The study has a number of limitations that must be
considered in order to assess the relevance of the find-
ings. First, it was a single-center observational study
with a heterogeneous population. The findings may
not have sufficient external validation. Second, as we
used quite rigorous exclusion criteria that were neces-
sary for the proper control of pre-analytical variations
for a robust analysis of renal RI, some selection bias
may have occurred in the inclusion of patients, possibly
compromising the reliability of our findings in the gen-
eral population of critically ill patients. Third, we, like
previous investigators [3, 20, 28], did not measure intra-
abdominal pressure in all patients; intra-abdominal pres-
sure is known to affect renal RI [36]. Finally, only one
operator performed all renal RI measurements. Although
the intensivist performing the measurements was fully
trained in the technique, we did not perform a blinded
control of a random sample to access reliability.

Conclusions

In critically ill patients, age, mean arterial pressure,
serum lactate levels, and presence of persistent acute
renal injury were identified as influencing renal RI,
whereas serum chloride was not found to have an influ-
ence. More studies are needed to confirm our findings.
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