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Abstract

Background: Acute kidney injury (AKI) in patients with CO-
VID-19 can be caused by multiple mechanisms. Renal resis-
tive index (RRI) is a noninvasive instrument to evaluate kid-
ney hemodynamics, and it is obtained by analysis of intrare-
nal arterial waves using Doppler ultrasound. This study
aimed to determine the role of RRI in predicting AKl and ad-
verse outcomes in critically ill patients with COVID-19. Meth-
ods: This cross-sectional study included 65 patients with
confirmed SARS-CoV-2 pneumonia admitted to the critical
care unit from April 1, 2020, to June 20, 2020. Informed con-
sent was obtained from all individual participants included
in the study. Cardiac, pulmonary, and kidney ultrasono-
graphic evaluations were performed in a protocolized way.
Results: In this cohort, 65 patients were included, mean age

was 53.4 years, 79% were male, and 35% were diabetic. Thir-
ty-four percent of patients developed AKI, 12% required RRT,
and 35% died. Of the patients who developed AKI, 68% had
RRI > 0.7. Also, 75% of the patients who required RRT had RRI
>0.7.In the adjusted Cox model, the RRI > 0.7 was associated
with higher mortality (HR 2.86, 95% Cl: 1.19-6.82, p = 0.01).
Conclusions: Critical care ultrasonography is a noninvasive,
reproducible, and accurate bedside method that has proven
its usefulness. An elevated RRI may have a role in predicting
AKI, RRT initiation, and mortality in patients with severe

SARS-CoV-2 pneumonia. ©2021 5. Karger AG, Basel

Introduction

In December 2019, a new respiratory disease called
coronavirus disease-19 (COVID-19) caused by the SARS-
CoV-2 virus emerged in Wuhan City, Hubei Province,
China, becoming a pandemic after spreading around the
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world. From the first descriptions, it was observed that
the morbidity and mortality were not only due to respira-
tory complications [1], but also kidney involvement was
frequent in COVID-19 in many manifestations [2]. Acute
kidney injury (AKI) affects 20-40% of critically ill pa-
tients with COVID-19 [3].

AKI in patients with COVID-19 can be attributed to
multiple mechanisms; the interrelation between the lungs
and the kidneys is proposed; in addition, angiotensin-
converting enzyme 2 serves SARS-CoV-2 as an input re-
ceptor for tubular epithelial cells in addition to pulmo-
nary epithelial cells [4]. Furthermore, the cytokine release
syndrome in COVID-19 has been associated with intra-
renal inflammation, increased vascular permeability, vol-
ume depletion, and cardiomyopathy causing a cardiore-
nal syndrome type I [5]. Finally, there are nonspecific
mechanisms such as hypovolemia, hypoxemia due to
acute respiratory distress syndrome, and nephrotoxicity
due to drugs and contrast media [6]. AKI can accelerate
and perpetuate the inflammation that started in the lung,
especially when there is an increase in central venous
pressure, an increase in intrathoracic pressure, or water
overload [7, 8].

Renal resistive index (RRI) is a noninvasive instru-
ment to evaluate kidney hemodynamics, and it is ob-
tained by analysis of intrarenal arterial waves using Dop-
pler ultrasound [9]. In the Oracle study, it was shown that
patients with right heart failure and elevated pulmonary
artery systolic pressure had higher mortality. These pa-
tients have increased pressure in the right atrium, so it is
expected that the RRI could be elevated; however, these
have not been consistent [10]. This study aims to deter-
mine the relevance of RRI in predicting AKI and mortal-
ity in critically ill patients with COVID-19.

Methods

This cross-sectional study included 65 adult patients with con-
firmed SARS-CoV-2 infection admitted to the Critical Care Unit
at the National Institute of Cardiology Ignacio Chavez from April
1, 2020, to June 20, 2020. Informed consent was obtained from all
individual participants included in the study. The study complied
with the Declaration of Helsinki.

AKI was defined according to the KDIGO classification [11].
Clinical and laboratory data were obtained from the patient elec-
tronic medical records. The serum creatinine and urine output
from ICU admission were registered and compared to meeting
AKI criteria. The included patients were followed up until meeting
AKI criteria, the start of RRT, or death. Mortality was defined as
death of any cause during the follow-up (80 days).
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Image Acquisition

Image Acquisition and Quantification
The protocol was designed to enable rapid image ac-
quisition at the patient’s bedside, and the image analysis
was done outside the patient’s room. The study was per-
formed by an expert in critical care ultrasonography. The
following measures were applied to minimize the expo-
sure of the staff to the infection:
1. All studies were performed during regular/routine pa-
tient rounds.
2. The machine and sector probe were sanitized ade-
quately between each evaluation.
3. All providers had adequate personal protective equip-
ment.
4. Images were recorded in approximately 10 min.
5. Measurements were performed outside the patient’s
room.
6. Analysis and registration of the measurements were
performed by other physicians.

Ultrasound Technique

Ultrasound Equipment

The operator obtained the images using a phased array
sector probe at 2-3 mHz, from the patient’s right or left
side, on any platform with the following modes: M-mode,
2D-mode, color, pulsed, continuous, and tissue Doppler.
Sonographic equipment with advanced software technol-
ogy was not an absolute requirement.

Comprehensive transthoracic echocardiography was
performed according to guidelines [12, 13]. The follow-
ing echocardiographic views were obtained: parasternal
long-axis view, parasternal short-axis view, apical
4-chamber view, apical 5-chamber view, and subcostal
4-chamber view. The measured parameters were left ven-
tricular (LV) diastolic diameter, LV outflow tract veloci-
ty-time integral, stroke volume, cardiac output, regional
wall motion, mitral annular plane systolic excursion, LV
ejection fraction, fractional shortening, tricuspid annular
plane systolic excursion, tricuspid peak systolic S-wave
tissue Doppler velocity, right ventricle (RV) basal diam-
eter, and inferior vena cava (IVC) distensibility index
(IVC diameter max — IVC diameter min/IVC diameter)
[14, 15]. Regarding lung ultrasound, the 12 points were
evaluated according to the Oracle protocol [10].

Doppler ultrasound assesses arterial and venous blood
flow velocity within the interlobar vessels of the kidney.
From the arterial Doppler tracing, the RRI can be mea-
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Fig. 1. a Doppler sample volume position in the interlobar vessels, intrarenal artery flow. b Pulsatile venous pat-
tern.

sured from the maximal velocity (Vy,.x) and the minimal
velocity (Vi) during the cardiac cycle: Viayx — Vinin/ Vinax-
In addition, Doppler waveforms of intrarenal venous
flow were divided into continuous, pulsatile, biphasic,
and monophasic [16], as shown in Figure 1.

Statistical Analysis

Continuous variables were reported as mean and stan-
dard deviation, for normally distributed data, or median
and interquartile range for those nonnormally distribut-
ed. Continuous variables were compared using the Krus-
kal-Wallis test or Student’s ¢ test. Categorical variables
were presented as frequencies and percentages, and we
used the x* test and Fisher’s exact test for comparisons, as
appropriate according to the expected values. For the sur-
vival analysis, we used life tables and Kaplan-Meier sur-
vivor curves. We created a Cox proportional hazards
model, adjusted for age and sex, to assess the variables
that predicted mortality. All p values <0.05 were consid-
ered statistically significant. All statistical analyses were
performed using STATA V. 14.

Results

Baseline Characteristics of the Population

A cohort of 65 patients critically ill in the intensive care
unit was included during the study period, 78.5% were
males, and mean age was 53.4 + 12.5. Diabetes and hyper-
tension were present in 35.4% while we observed obesity
and overweight in 63% of patients. The baseline charac-
teristics are presented in Table 1 according to the RRI
cutoff. Hypertension was the most prevalent in patients

Renal Resistive Index as a Predictor of
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with RRI > 0.7. Serum creatinine and blood urea nitrogen
were higher in patients with RRI > 0.7. Differences in C-
reactive protein, lactate, troponin, and potassium were
observed between groups. No difference in ferritin, pO,,
HCO;, fluid balance, urinary output, and days of hospital
stay between groups was observed. D-dimer, pCO,, and
NT-pro BNP showed a tendency to be higher in patients
with RRI > 0.7.

Ultrasonographic Findings

We found that the LV ejection fraction was higher in
the group with RRI < 0.7 (60%, IQR 54-60) compared
with the group with RRI > 0.7 (55%, IQR 50-56) (p =
0.00). The LV outflow tract velocity-time integral vari-
ability was present in 31 patients (47.7%), most of whom
were in the RRI < 0.7 group (p = 0.00). Only 10 patients
(15.4%) had RV dysfunction without differences between
groups, and the IVC diameter was 18.6 + 3.3 mm in all
patients, without differences between groups. Suprahe-
patic reverse flow was found in 9 patients (13.9%), 2 in the
RRI < 0.7 group and 7 in the RRI > 0.7 group (p = 0.02).
We did not find a significant difference in the lung ultra-
sound score between groups. The pulsatile, biphasic, and
monophasic venous patterns were significantly more fre-
quent in patients with RRI > 0.7. The ultrasonographic
findings are presented in Table 2.

RRI and Outcomes

In our cohort, 41 patients (63%) were dependent of
mechanical ventilation, 22 (54%) developed AKI, 8
(12.3%) required RRT, and 23 (35.4%) died. We analyzed
the ability of RRI to predict the outcomes. After analyzing
RRI and outcomes, we found that most of the patients
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Table 1. Baseline clinical and laboratory characteristics according to RRI

Characteristic Total RRI <0.7 RRI >0.7 p value
Females, n (%) 14 (21.5) 10 (25) 4(16) 0.390
Males, 1 (%) 51 (78.5) 30 (75) 21 (84)

Age, mean + SD, years 53.4%12.5 49.4£10.9 59.8+12.4 0.000
Diabetes, 1 (%) 23 (35.4) 14 (35) 9 (36) 0.930
Hypertension, n (%) 23 (35.4) 9 (22.5) 14 (56) 0.000
Smoking, n (%) 11 (16.9) 5(12.5) 6 (24) 0.310
Overweight or obesity, n (%) 41 (63.1) 24 (60) 17 (68) 0.510
Weight, median (IQR), kg 78 (70-85) 80 (68-87.5) 75 (70-83) 0.720
Height, mean + SD, m 1.66+0.07 1.67+0.07 1.65+0.07 0.440
Serum creatinine, median (IQR), mg/dL 1.08 (0.78-1.5) 0.98 (0.6-1.2) 1.42(0.93-2.7) 0.000
Blood urea nitrogen, median (IQR), mg/dL 24.2 (15-44) 18.4 (13.6-29.4) 44.9 (25-68) 0.000
K, median (IQR), mEq/L 4.1 (3.7-4.5) 3.9 (3.6-4.4) 4.3 (3.9-4.8) 0.030
Na, mean + SD, mEq/L 135.9+5.7 135.9+5.8 135.9+5.7 1
Cl, mean + SD, mEq/L 103.1+6.4 102.8+6.3 103.5+6.8 0.670
Troponin I, median (IQR), pg/mL 14.5 (8.2-62) 10.3 (6.5-35) 34 (12-84) 0.000

NT-proBNP, median (IQR), pg/mL
Ferritin, median (IQR), ng/mL
D-dimer, median (IQR), ng/mL
C-reactive protein, median (IQR), mg/L
pH, median (IQR)

316 (160-2,545)
825 (521-1,301)
0.54 (0.3-1.07)
177 (87-252)
7.42 (7.35-7.46)

270 (126-1,349)
805 (503-1,143)
0.41 (0.25-0.96)
147 (71-197)

7.42 (7.40-7.47)

974 (200-7,928) 0.080
1,052 (582-2,000) 0.200
0.61 (0.43-1.5) 0.080
222 (158-352) 0.000
7.37 (7.28-7.42) 0.000

pO,, mean + SD 65 (49-78) 65 (51-79) 64 (43-76) 0.360
pCO,, median (IQR) 35 (30-40) 34 (29-37) 37 (33-47) 0.070
HCO;, median (IQR) 22 (19-25) 22 (19-25) 22 (18-24) 0.940
Lactate, median (IQR) 1.5(1.2-2.4) 1.4 (1.1-2) 2.2 (1.3-3.3) 0.010
Net fluid balance, median (IQR), mL —77 (=741 to 380) —80 (-610to 356)  —77 (844 to 404) 0.860
Urinary output, median (IQR), mL 0.74 (0.5-0.9) 0.8 (0.5-0.9) 0.6 (0.2-0.9) 0.160
In-hospital stay, median (IQR), days 15 (10-26) 14 (10-26) 15 (11-24) 0.890

RRI, renal resistive index; SD, standard deviation; IQR, interquartile range.
Table 2. Ultrasonographic findings
Variable Total RRI <0.7 RRI >0.7 p value
Right venous pattern, #n (%)

Continuous 34 (52.3) 33 (82.5) 1(4) 0.000

Pulsatile 12 (18.5) 3(7.5) 9 (36)

Biphasic 14 (21.5) 4(10) 10 (40)

Monophasic 5(7.7) 0 5(20)
Left venous pattern, n (%)

Continuous 35 (53.8) 34 (85) 1(4) 0.000

Pulsatile 11 (16.9) 3(7.5) 8 (32)

Biphasic 15 (23.1) 3(7.5) 12 (48)

Monophasic 4(6.2) 0 4(16)
Suprahepatic reverse flow 9(13.9) 2 (5) 7 (28) 0.020
IVC diameter (min), mean + SD, mm 13.6+4.3 13.2+4 14.2+4.7 0.350
IVC diameter (max), mean + SD, mm 18.6+3.3 18.4+3 18.8+3.7 0.580
LVEF, median (IQR), % 55 (50-60) 60 (54-60) 55 (50-56) 0.000
LUS score, median (IQR) 18 (16-22) 17 (15-21) 19 (17-22) 0.500
LVOT VTI variability, (%) 31 (47.7) 25 (62.5) 6 (24) 0.000
RV dysfunction, n (%) 10 (15.4) 4(10) 6 (24) 0.120

RRI, renal resistive index; IVC, inferior vena cava; SD, standard deviation; IQR, interquartile range; LVEF, left ventricular ejection
fraction; LUS, lung ultrasound; LVOT VTI, left ventricular outflow tract velocity-time integral; RV, right ventricle.
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Fig. 2. Kaplan-Meier survival estimates ac- Analysis time
cording to RRI. RRI, renal resistive index.
Table 3. RRI and outcomes
Outcome Total RRI <0.7 RRI 20.7 p value
Acute kidney injury, n (%) 22 (33.9) 7 (32) 15 (68) 0.000
Renal replacement therapy, n (%) 8 (12.3) 2 (25) 6 (75) 0.030
Mechanical ventilation, n (%) 41 (63.1) 22 (54) 19 (46) 0.080
Mortality, n (%) 23 (35.4) 8 (35) 15 (65) 0.000

RRI, renal resistive index.

Table 4. Cox regression model adjusted by age and sex for mortality

Variable HR Sig pvalue  95% CI

Age 1.03 0.02  0.070 0.99-1.08
Sex 1.22 0.68  0.720 0.40-3.64
RRI =0.7 2.86 1.26  0.010 1.19-6.82
Diabetes 0.82 036 0.660 0.34-1.96
Hypertension 1.29 0.58  0.560 0.53-3.13
Overweight/obesity 0.63 026  0.270 0.27-1.44

RRI, renal resistive index.

who developed AKI and required RRT had RRI > 0.7.
Also, 65% of patients who died had RRT > 0.7. RRI > 0.7
showed a trend to have a higher risk for mechanical ven-
tilation. These outcomes are shown in Table 3.

RRI and Survival
Analysis using Kaplan-Meier curves of the 2 different
groups was divided according to RRI. Having RRI > 0.7

Renal Resistive Index as a Predictor of
AKI in COVID-19

was associated with lower survival at follow-up as shown
in Figure 2. In the Cox model adjusted for the potential
confounding variables listed above, the RRI > 0.7 was as-
sociated with higher mortality (HR 2.86, 95% CI: 1.19-
6.82, p = 0.01) as presented in Table 4.

Discussion

Point-of-care ultrasound allowed a bedside evaluation
with real-time evaluation [11]. RRT has become part of the
organ function assessment using Doppler ultrasound
[12]. The RRI is derived from intrarenal Doppler wave-
forms as ([peak systolic velocity — end-diastolic velocity]/
peak systolic velocity) at the renal segmental artery [13].
Previously, RRI was considered to reflect only intrarenal
vascular pathological processes; however, currently, RRI
is a tool for assessing hemodynamics and changes in kid-
ney perfusion in critically ill patients [17, 18].

Some of the proposed uses of RRI in AKI have been
to assess kidney perfusion, predict kidney response to
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vasoactive medications, and predict the onset and re-
covery of AKI [19]. RRI may be secondary to a decrease
in mixed venous oxygen saturation, reflecting an early
vascular response to tissue hypoxia [20]. Also, the abil-
ity of RRI to discriminate a prerenal cause of acute tu-
bular necrosis in AKI stage 3 had previously been de-
scribed [21]. However, AKI is a continuum where the
etiological mechanism, severity, and duration of the in-
jury determine the histological and clinical conse-
quences [22]. Renal and extrarenal factors can influence
the RRI value [23].

Since the Lerolle et al. [24] study, the RRI was de-
scribed as a predictor for developing AKI in critically ill
patients. Haitsma-Mulier et al. [25] prospectively studied
99 critically ill patients and reported that at admission,
RRI in patients developing AKI, including severe AKI,
was higher compared with patients not developing AKI
(0.71 vs. 0.65). Schnell et al. [26] evaluated 58 patients
with severe sepsis or polytrauma and found that RRI was
the only parameter predictive of severe AKI compared
with serum and urine cystatin C. In the meta-analysis of
9 studies by Ninet et al. [27], evaluating the performance
of RRI in AKI reversibility, they found a strong associa-
tion between higher RRI and persistent AKI (OR, 29.85,
95% CI: 8.73-102.16; p < 0.00001). Darmon et al. [28] re-
ported that higher RRI has predictive value for mechani-
cal ventilation. However, Wiersema et al. [29] reported a
limited diagnostic accuracy of renal perfusion by renal
ultrasound for AKIL

Renberg et al. [30] reported for the first time the use-
fulness of measuring RRI in patients with COVID-19.
They found that RRI was higher in patients with AKI
compared to patients without AKI. Furthermore, RRI
was higher in oliguric patients than in nonoliguric pa-
tients.

Our study is the first to investigate the predictive pow-
er of RRI in the incidence of AKI, mechanical ventilation
dependence, renal replacement therapy initiation, and
mortality. Interestingly, LV dysfunction was significant-
ly more frequent in patients with RRI > 0.7, which con-
trasts with previously reported [31]. Although RV dys-
function and IVC diameter were not different between
groups, suprahepatic reverse flow was more frequent sig-
nificantly in RRI > 0.7, which supports the venous con-
gestion paradigm. Venous congestion can produce ele-
vated right-side pressures that are transmitted to the he-
patic and renal venous flow that increases the pulsatility
of the intrarenal venous flow. This pulsatility could show
peaks during each cardiac cycle because of biphasic ve-
locity (biphasic pattern) or a diastolic only flow (mono-
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phasic pattern) secondary to disminution of systolic ve-
locity [32]. Lida et al. [33] showed that monophasic ve-
nous flow was associated with RRT and corroborated a
significant increase in renal congestion. Likewise, Maed-
er et al. [34] mentioned that the increase in central ve-
nous pressure and renal venous pressure could probably
be the cause of these findings. In this sense, we found that
the monophasic venous pattern was associated with
mortality.

Direct association between RRI and central or periph-
eral pulse pressure has been shown because increased
pulsatile stress causes endothelial damage in small arter-
ies [35]. It has been suggested that increased RRI is a
marker of subclinical target organ damage [36].

We found that patients with RRI > 0.7 had more inci-
dence of AKI, renal replacement therapy requirement,
and mortality and higher trend to mechanical ventilation
requirement. Also, RRI > 0.7 was predictive for higher
mortality and less survival.

Deleterious interactions between kidney and lung dys-
functions could have many mechanisms: positive-pres-
sure ventilation, hypoxemia, and systemic inflammation.
Positive-pressure ventilation decreases GFR, renal blood
flow, and free water clearance. Hypoxemia and hypercap-
nia modify renal vascular resistances and increase diure-
sis and lead to kidney injury. Also, COVID-19 patients
have elevated level of inflammatory cytokines that inter-
act with kidney resident cells and induce endothelial and
tubular dysfunction [37, 38].

Our study has a few limitations. First, the number of
patients is small due to the technical difficulties of treat-
ing these patients. Second, AKI diagnosis was made ac-
cording to the KDIGO guidelines, with its known draw-
backs. Third, RRI is affected by several factors other
than the kidney and systemic hemodynamics. Finally,
because a single RRI measurement was performed, the
association with recovery of renal function was not
studied.

Despite these limitations, our study has a number of
strengths. First, RRI measurements were performed by an
expert in critical care ultrasonography. Second, although
Renberg et al. [30] investigated the association between
RRI and AKI diagnosis, AKI severity, and urinary output,
this study is the first to evaluate RRI as a predictor tool of
outcomes including mechanical ventilation, RRT initia-
tion, and mortality in patients with COVID-19. We con-
sidered that our findings have implications for the appli-
cation of early interventions. However, our results need
to be further validated in cohorts.
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Conclusion

The RRI measured by ultrasound is a noninvasive, re-
producible, and accurate bedside method. This study
showed that an RRI > 0.7 predicts a higher risk of AKI,
need for RRT, and mortality in patients with severe SARS-
CoV-2 pneumonia. From this study, it could be evaluated
in controlled studies if the RRI value is associated with
kidney damage due to COVID-19 or is due to other causes
such as heart failure and sepsis.
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