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ABSTRACT

Background: A postoperative renal resistive index (RRI) > Oids the best threshold to
early predict acute kidney injury (AKI). The resgenof RRI to a postoperative fluid
challenge (FC) is unknown. The aim of our study ¥wmassess the impact of a FC on RRI in
suspected hypovolaemia patients after orthopaediesy.

Design: In this single-centre observational study, we pecsipely screened 156 patients in
the recovery room after having undergone a hipneekreplacement.

Interventions: Forty-six patients with a RRI > 0.70 and requirfi@ were included. RRI and
cardiac output (CO) were measured before and imategliafter a fluid challenge with 500
mL of isotonic saline. A decrease in RRI > 5% wassidered significant (renal responders).
Results: Overall, FC resulted in a consistent decreaseRh(Rom 0.74 [0.72 — 0.79] to 0.70
[0.68 — 0.73], p<0.01). Thirty-four patients (74%)owed a significant decrease in their RRI
(from 0.74 [0.73 — 0.79] to 0.69 [0.67 — 0.72], p3® versus non-responders: from 0.73 [0.72
—0.75] t0 0.72 [0.71 — 0.79], p=NS). CO increasgdally among renal responders and non-
responders (p=0.56). No correlation was found betmehanges in RRI and CO (r2=0.04;
p=0.064). AKI was more common in renal non-resposidé/12) than in responders (3/34,
p=0.001).

Conclusions. After major orthopaedic surgery, a FC can decreB&d in suspected
hypovolaemia patients at risk of postoperative AKlit the changes are not correlated to

changes in CO. Decreases in RRI were associatadoeiter renal outcome.
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INTRODUCTION

Postoperative acute kidney injury (AKI) has bedroven to be associated with
significant morbidity and mortality [1, 2]. For exmle regarding long-term risk for
cardiovascular events, AKI is associated with avated risk of major events, particularly
heart failure and acute myocardial infarction [Jhese findings highlight the need for
screening and management of patients with postoperaKI. However, its early diagnosis
still remains challenging in daily practice insofss serum creatinine (Cr) rise occurs after
renal damage. Some studies suggest that measemad) resistive index (RRI) in the post
anaesthesia care unit (PACU) could predict the Idpmeent of AKI after cardiac and
orthopaedic surgery [4-6]. Postoperative RiFY. performed in the post anaesthesia care unit)
takes into account not only the pre-existing caoditout also changes induced during the
intraoperative phase. It has been shown that wpalption at risk of AKI, a RRI > 0.70 had a
good sensitivity and specificity (0.94 and 0.71pegively) with an ROC curve area of 0.86
to predict the development of AKI 1 or 2 days befohne rise of Cr [5]. In critically ill
patients, changes in renal haemodynamic observébppler ultrasonography during a fluid
challenge (FC) are controversial. While some awhound that FC was not effective in
improving (i.e. decreasing) RRI in patients witlptse shock [7], a decrease of this last can be
observed before urine output increases in aduiem@at with acute circulatory failure [8]. To
our knowledge, the effects of a FC on Doppler-baR&d have never been studied in the

perioperative period.

The primary objective of this study was to detemniif a FC in suspected
hypovolaemia patients would be able to decrease &l major orthopaedic surgery.
Secondary objectives were to assess if change®RinMRuld be correlated with changes in

cardiac output (CO) and be associated with a bedteal outcome.



MATERIALSAND METHODS

This prospective observational study was apprduethe local research ethics board
(Comité d’Ethique Recherche, CHU Toulouse, ChagperDr Jean-Marie Conil, registration
number 29-0512, July 2011) and carried out accgrdathe declaration of Helsinki. All
patients gave oral informed consent.
Patients

All patients undergoing total hip arthroplasty ifpary or revision) or total knee
arthroplasty (primary or revision) and scheduled dofluid challenge (FC) in the PACU
because suspected hypovolaemia were eligible éusion. The decision to administer a FC
was ordered by the physician in charge and wasdbais¢he presence of at least one clinical
sign of inadequate tissue perfusion as well agbisence of congestive heart failure. Clinical
signs of inadequate tissue perfusion were defirgsebliows: systolic arterial pressure (SAP)
<90 mm Hg (or a decrease of at least 40 mm Hg fiteenpreoperative baseline in patients
with a history of hypertension); mean arterial ptege (MAP)< 65 mm Hg; urine output 0.5
mL/kg per hour for at least 1 hour; tachycardiaatherate > 100/min); symptoms of
inadequate tissue perfusion such as prolongedlagpilefill > 3 seconds or mottled skin;
arterial lactate level > 2 mmol/l. Cardiac arrhyths) agitation or confusion, tachypnoea (RR
>35 /min) or respiratory failure and poor echoggpiwere considered exclusion criteria. A
visual analogue pain scale < 3/10 and an oxygamatain > 96% (if necessary with oxygen
therapy) were needed before RRI measurements [5]
Ultrasound measur ement

The RRI measurements were preceded by a formalhtwos training session (30
minutes of theoretical instruction and 1 hour afid8inutes of practical teaching at the
bedside) with a trained radiologist. All echo measwents were made with a HD11XE

ultrasound system (Philips Medical System; BotiMA) by the two authors (P.M. and C.F.)



using a 5-1 MHz pulsed-wave Doppler probe (“‘cartigmbe). The kidney was visualized
with 2D echo. The interlobar arteries (adjacentrtedullary pyramids) located by colour
Doppler were then insonated using a 2- to 4-mmeguBoppler gate [9]. Waveforms were
optimized for measurement using the lowest pulgetiton frequency without aliasing (to
maximize waveform size), and the highest gain withabscuring background noise. Three to
five reproducible waveforms from one of the two regs (right kidney in most of the
patients) were obtained, and RRIs from these warefowvere calculated as RRI = (peak
systolic velocity - end diastolic velocity) / peakstolic velocity. RRIs were then averaged to
arrive at mean RRI values [10-12]. The intra-obseland inter-observer variabilities for the
RRI measurements have been calculated as parp@vaous study (2.1% + 2.6 and 2.9% *
2.7 respectively) [5].

The CO was measured using transthoracic echocgagiby (TTE). All measurements
were performed at end expiration as previously resd [13, 14].

Study design

All suspected hypovolaemia patients schedule&fB€C in the PACU were screened,
regardless of their risk for AKI. Afterward patisnwith a RRIK 0.70 were excluded from the
study (please see flow diagram in figure 1).

The investigators who measured RRI were blindethéopatient characteristics and
the change in CO. An intravenous bolus of 500 mLisaftonic saline 0.9% was then
administered within 15 minutes [7].

The following data were recorded for each patieage, gender, diabetes, arterial
hypertension, arteriosclerosis, chronic heart failand preoperative serum creatinine (Cr).
Intraoperative data that were recorded included tyfpee and length of surgery, type of
anaesthesia, volume and type of iv. fluid and arhadinntraoperative blood loss. RRI and

CO measurements were performed in the PACU befock immediately after FC. Two



distinctive groups were analysed according to tm@nge in RRI after FC: renal responders
and non-responders. A renal responder was definédang a decrease of at least 5% of the
RRI (corresponding to approximately twice the irdteserver and inter-observer variabilities)
[5].

As part of the routine practice at our institutitime Cr value was measured before the
operation (baseline) and then daily each mornimgjj & peak Cr value was reached. Urine
output was measured every 6 hours for 48 hofikld. was defined according to the Acute

Kidney Injury Network classification either as atiease in Cr value I3y 26.4 1 mol/L (0.3

mg/dL) or an increase to 150% from baseline or as a urine output of leas h5 mL/kg/hr
for 6 hours or more.
Sample size projection

A literature search did not reveal a previous staedgluating the response of RRI in
suspected hypovolaemia patients after major ortbdipasurgery. Taking into account
previous findings [5], a minimum sample size wasnested as follows. Assuming a RRI >
0.70 in the selected patient population and a stahdeviation of 0.05, and using a test with
0.05 type | error and 0.1 type Il error, at leakpatients with a renal response were needed to
detect a 5% decrease in RRI after fluid challefigimating that half of the selected patients
would have a renal response after fluid challeraysgarch did not reveal a previous study
evaluating the rate of patients with a renal respao fluid challenge in this setting), at least
48 patients with RRI > 0.70 were thus needed tealet 5% decrease in RRI after fluid
challenge. Assuming that half of the hypovolemitigras would have a RRI > 0.70 in the
PACU, at least 96 patients were thus needed for R&dsurement. Estimating that about
30% of the patients would have exclusion critemideast 138 hypovolemic patients in PACU

would need to be screened for inclusion.



Statistical analysis

Data distribution was verified using a Kolmogoromighov test. Continuous variables
are presented as median [interquartile range, IQRinean + standard deviation (SD) as
appropriate. Qualitative data were given as nunded percentage. The non-parametric
Mann-Whitney U test was used for the comparisorartinuous variables between groups
(renal responders versus non-responders) and tHheoXn rank-sum test was used to
compare continuous variables obtained before atet #ie FC. Categorical variables were
compared with the Fisher's exact test or Chi-sqlidest. The correlation between relative
changes of RRI and variations of CO was estimat@dgulinear regression. To test the
abilities of ARRI (i.e. change from before to after fluid chafien %) and RRI after fluid
challenge to predict AKI, areas under the ROC cuifaeea under the curve (AUC)=0.5: no
better than chance, no prediction possible; AUC=18st possible prediction] were
calculated and compared using the Hanley—McNetil @&stistical analysis was carried out
using MedCalc Statistical Software, version 12.§MedCalc Software bvba, Ostend,

Belgium; 2013). A p-value of less than 0.05 wassidered statistically significant.



RESULTS
Patient characteristics

The study design and the patient flow diagramsavn in figure 1. One hundred and
fifty six patients undergoing FC in PACU after totap or total knee arthroplasty were
screened for inclusion. Eight patients were exdudscause of arrhythmias, 8 for
confusion/agitation and 4 for tachypnoea. A renalppler was then performed in the
remaining 136 patients. Of those, 6 patients weotuded because no good image could be
obtained and 84 were excluded for a RR).70. Thus a total of 46 patients fulfilled criger
for inclusion and completed the study.
Primary objective

Overall, fluid administration resulted in a comsig decrease in RRI: from 0.74 [0.72
— 0.79] before fluid challenge to 0.70 [0.68 — Q.&Rer fluid challenge (p<0.01) (figure 2).
TheARRI (i.e. change from before to after fluid chafien%) was -6.8 [-8 — -3.8].

By focusing on the two subgroups of patients (s#jearaccording to their change in
RRI after FC), RRI decreased among 34 patients J7d4fer the FC (renal responders,
p<0.05). The renal responders and non-respondees aeenparable in terms of demographic
data (Table 1) and intraoperative characteristiable 2).
Secondary objective

The FC resulted in a significant stroke volume 8Wrease and heart rate decrease in
renal responders and non-responders (Table 3) wittanging the mean arterial pressure.

No significant difference was noticed for RRI befé¢-C between renal responders and
non-responders (0.74 [0.73 — 0.%8] 0.73 [0.72 — 0.75]; p=0.32). After FC, RRI was w
in renal responders compared to non-responder8 (0.67 — 0.72}vs. 0.72 [0.71 — 0.79];
p<0.001) (Figure 3). No correlation was found betweRRI variation and CO variation

induced by FC (r2 =0.04; p=0.064).



Ten subjects went on to showed signs of AKI. AKhsvmore common in non-
responders compared to responders (n=7, &8%=3, 9%; p=0.001), but none of the patients
suffered permanent kidney injury, or needed dialysising the AKIN classification, 8
patients were classified as AKIN stage 1, and Rptt were classified as AKIN stage 2. RRI
after fluid challenge andRRI detected postoperative AKI with similar meaeas under the
ROC curves: 0.817 for RRI after fluid challenge¥®6onfidence interval (Cl) between 0.675
and 0.915, p<0.0001) and 0.790 fdRRI (95% CI between 0.645 and 0.896, p=0.003), §=0.
for the pairwise comparison of ROC curves (FigureTde optimal threshold value given by
ROC analysis was 0.703 for RRI after fluid challer{f§0% sensitivity, 66.7% specificity, 2.7
LR+ and 0.15 LR-) and -3.8% f&&RRI (70% sensitivity, 88.9% specificity, 6.3 LR+dan

0.34 LR-). The Cr peaked in all subjects within finst four postoperative days.



10

DISCUSSION

This study is the first to assess the effect 6Caon RRI in suspected hypovolaemia
patients with a high RRI after hip and knee reptaest and suggests that a FC could decrease
RRI in 74% of those patients and be associatedavitacreased incidence of AKI.

It has been shown that measuring RRI could allaryeletection of patients at risk of
developing AKI [6] in contrast to the serum Cr amdne output which are relatively late
indicators of AKI. This early detection may thusloal timely interventions such as
haemodynamic optimisation or avoidance of medioatizvith potential nephrotoxicity. The
role of haemodynamic optimisation (i.e. a FC) inpioving (i.e. decreasing) RRI and
ultimately preventing the development of AKI isllsd matter of debate. A previous study
found that a FC was not effective in decreasing RRjatients with septic shock [7] and it
has been postulated that this finding may be dukeagarticular pathophysiology linked to
sepsis (i.e. the renal resistance primarily refibgctocal microcirculatory changes mediated
by renal endothelium) [15]. Investigators have adietested other strategies to decrease RRI
in septic patients for example the use of catechivla infusions [16].

It is surprising that the RRI decrease in our gtwds not correlated with the changes
in CO. In other words, the evolution of the cardiatput after fluid challenge does not allow
us to predict the evolution of the RRI. This paimiderlines the complexity of the regulation
of the renal perfusion. For example, in the setbfgirculatory failure, the increase in CO
induced by a FC is probably not uniformly distrisdtamong the peripheral circulation. In
addition, there may not be a direct relationshipveen RRI and renal perfusion and the
relationships between the various factors thatcafflie Doppler-derived renal arterial
waveform (i.e. vascular compliance, vascular rasst, and heart rate) and renal perfusion
are still being explored [12, 17]. Previous studiase shown that RRI is a reliable marker of

renal arteriosclerosis cause by essential hypeoiensn this setting, RRI appears to be
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strongly associated with creatinine clearance andcreases in patients with hypertensive
end-organ damage [18]. The renal impact of fixeghdinment of vascular compliance in
hypertensive patients may help to explain why kndwpertension was 2 times higher in our
renal non-responders compared to renal responatients (although this difference did not
reach statistical significance potentially becanfsemall sample size).

The decrease of RRI after fluid resuscitation wssociated with a significant better
renal outcome in this study. The determination asd of RRI could therefore serve as an
important bedside parameter to allow implementatbrdifferent therapeutic strategies to
improve renal outcome. However, none of the padieniffered from permanent kidney
injury, or needed dialysis in our study and theichl relevance of measuring RRI in our
study population remains therefore uncertain. Ik »@ necessary to develop, test and validate
different treatment algorithms based on RRI in darglinical trials that could take into
account pre-existing risk factors for the developtrad postoperative AKI.

This study has some limitations. One of them is thono-centric design. Since
ultrasonography is known to be operator dependbase results have to be confirmed with
other operators in other institutions. Second, ayrthie 156 patients screened in this study,
only 46 fulfilled criteria for inclusion and the sérved results might therefore not be
generalizable to all hypovolemic patients afterekaad hip replacement. Indeed, the response
of RRI to a fluid challenge in patients with a Hase postoperative RR¥ 0.70 remains
unknown. Moreover, excluding patients with RR0.70 is highly questionable as they could
account for nearly two-thirds of patients. Thirdie tARRI chosen to distinguish renal
responders and non-responders is debatable. Ultrdstechniques have potentially high
variability, especially in non-trained operatorsor Fexample the variability of values in
Doppler echocardiography usually ranges from 5G%.1In this setting, results could have

been different with another threshold valueABtRI. Fourth, one of the main limitations of
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the study is the lack of a clearly defined endpdmt fluid resuscitation (which was
administered by the physician in charge of thegpa)i Indeed, we were not able to follow the
patients with serial CO measurements to deternfirtbei initial improvement in CO was
indeed sustained. As such we cannot rule out thraesof the patients had only a transient
increase in CO (i.e. would have needed more therflaid challenge) and that this may have
impacted the lack of correlation between CO and RRponse. Finally, a large uncertainty
remains regarding the use of this biomarker incdihdecision-making.

In conclusion, our results show that in suspepietioad-dependency patients with a
high RRI in the recovery room after knee and hjdaeement a fluid challenge can decrease
RRI. This improvement when present was associaiéd avbetter renal outcome. Whether

this better renal prognosis is related to fluidligmye itself remains unknown
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FIGURES LEGENDS

Figure 1. Flow Chart

RRI: Renal Resistive Index; CO: Cardiac Output; PACU: Post anaesthesia Care Unit

Figure 2. RRI variations induced by Fluid Challenge in the overall population of patients with
suspected hypovolemia and a high RRI

(p<0.01 when compared to before fluid challenge).

Figure 3. RRI variations induced by Fluid Challenge

Box plot of RRI variations induced by fluid challenge. Median values shown as solid line
within box of 25 and 75th percentile values. Whiskers represent range values. Single daggers
mean different from before (within the group, p<0.05). Double daggers mean different from
RRI responders (p<0.01). RRI: Renal Resistive Index

Figure 4. ROC curves comparing the ability of ARRI (i.e. change from before to after fluid
challenge) and RRI after fluid challenge to predict postoperative Acute Kidney Injury.



TABLES

Table 1 : Demographic characteristics

RRI responders

RRI non-responders

Stage 1/2/3A/3B/4/5

n=234 n=12 P
Sex
- Female 14 (41) 4 (33) 0.63
- Male 20 (59) 8 (67) '
Age (years) 66 [63.7 — 77.5] 77.5[67 - 82] 0.74
BMI (Kg/m?) 24.8 [22.8 — 27.1] 25.9[24.1 - 29.5] 0.16
Diabetes 11 (32) 2(17) 0.29
Arterial Hypertension 11 (32) 8 (67) 0.9
Arteriosclerosis 13 (38) 4 (33) 0.76
Chronic cardiac failure 5 (15) 2(17) 1.0
Smoking 11 (32) 3 (25) 0.63
Preoperative serum
creatinine (umol/L) 78 [55 - 95] 70 [60 — 83] 0.24
Preoperative GFR
(mU/min/1.73n) 85 [60 — 94] 78 [63 — 84] 0.32
Chronic kidney disease
(CKD-EPI) 0/2/3/2/0/0 0/1/3/2/1/0 0.1

RRI: Renal Resistive Index; BMI: Body Mass IndeXERE Glomerular Filtration Rate;
Creatinine clearance was defined according to ie-EPI formula.

Data are expressed as median [IQR] or n (%)




Table 2 : Intraoperative characteristics

RRI responders RRI non-responders
n=234 n=12 P

Primary total hip arthroplasty 8 (23) 2(17) 0.24
Revision total hip arthroplasty 16 (47) 8 (66) 0.08
Primary total knee arthroplasty 4 (12) 0 0.28
Revision total knee arthroplasty 6 (18) 2 (17) 0.15
Type of anaesthesia

- General anaesthesia 24 (70) 8 (67) 10

- Spinal anaesthesia 10 (29) 4 (33) '
Length of anaesthesia (min) 150 [120 — 180] 18M@[23.90] 0.32
Intraoperative blood loss (mL) 400 [400 - 600] $8B0 — 625] 0.71
'(rr“ﬁrf;"perat"’e fluid administration| ;560 (1375 - 1500]| 1250 [1000—1500] .21

RRI: Renal Resistive Index

Data are expressed as median [IQR] or n (%)



Table 3 : Postoperative characteristics

RRI responders

RRI non-responders

n=34 n=12 b

MAP (mmHg)

- Before FC 81[72 -89] 79 [71 - 86] 0.82

- After FC 84 [74 — 89] 78 [71-103] 0.32
HR (bpm)

- Before FC 85 [75 - 96] 83 [72 — 88] 0.86

- After FC 72 [68 — 86]* 70 [67 — 78]* 0.96
SV (mL)

- Before FC 60 [48 — 66] 61 [52 — 71] 0.69

- After FC 65 [56 — 72]* 71 [59 — 84]* 0.18
ASV (%) 11 1.6 — 16] 14.3[1 - 29.5] 0.23
RRI

- Before FC 0.74[0.73 -0.79] 0.73[0.72 - 0.75] 0.32

- After FC 0.69[0.67 — 0.72]* 0.72[0.71-0.79] <0.001
ARRI (%) -8 [-9--7] 0[-2.1-4.6] <0.001
Post-operative AKI 3(9) 7 (58) 0.001

RRI: Renal Resistive Index; MAP: Mean Arterial Fe®; FC: Fluid Challenge; HR: Heart
Rate; bpm: beat per minute; SV: Stroke Volume; FRnal Resistive Index; AKI: Acute

kidney Injury

A: change from before to after fluid challenge

* p<0.05 when compared to before fluid challengéhin the group)

Data are expressed as median [IQR] or n (%)






