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Aims Septic shock is a complication characterized by altered tissue perfusion. Renal resistive 
index (RRI) reflects changes in intrarenal perfusion. The present study aimed to assess changes in 
RRI during the resuscitation of patients with septic shock and its relationship with perfusion 
parameters. 

Materials & Methods  The present prospective observational study was performed on all patients 
diagnosed with septic shock from July 2018 to September 2019. Demographic characteristics of 
the study subjects were recorded and their hemodynamic, paraclinical, and RRI values were 
measured by ultrasound at three time points (on arrival, 30 and 120 minutes, and six hours after 
admission). 

Findings A total of 109 subjects with a mean of 67.62±14.67 years entered data analysis. In terms 
of gender, 65 (59.1) cases were male. The RRI values were 0.71±0.27, 0.71±0.27, 0.69±0.1, and 
0.69±0.1 on arrival, at 30 minutes, 60 minutes, and six hours after treatment onset, respectively, 
demonstrating that RRI values decreased during the study (P= 0.00).  

Conclusion A decrease in RRI value during resuscitation is associated with an increase in mean 
arterial pressure in patients with septic shock. RRI can be used as an indicator of tissue perfusion 
in the treatment process and volume assessment of patients with septic shock. 
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   مقاله پژوهشی

 

 کلیوی مقاومت شاخص تغییرات: شوک سپتیک با  بیماران  در  کلیوی مقاومت شاخص

 نگر  آینده ای  مشاهده  مطالعه یک عفونی، شوک با  بیماران  احیا حین درمان به پاسخ درارزیابی 

 

 *  1، حامد اميني آهي دشتي  1، سروش نيك صالحي1  1، فاطمه جهانيان 1، محمد سازگار 1ايرج گلي خطير

 .، دانشگاه علوم پزشکی مازندران، ساری، ایرانطب اورژانس  گروه .1

 
 

 

 

 
کنناده ( منعکسRRIشاود  شاا م مواومات کلیاوی  که با تغییر پرفیوژن باافتی مشا م میاست ای شوک سپتیک عارضه  : هدف

در حین احیای بیماران مبتلا به شوک ساپتیک و   RRIکلیوی است  مطالعه حاضر با هدف بررسی تغییرات  تغییرات در پرفیوژن دا ل

  ه استبررسی ارتباط آن با پارامترهای پرفیوژن انجام شد

 1398تاا شايریور  1397یه بیماران مبتلا به شاوک ساپتیک از تیرمااه نگر حاضر بر روی کلّای آیندهمطالعه مشاهده ها و روش  مواد

ها در سه نوطه زمانی هنگام آن RRIو موادیر همودینامیک، پاراکلینیکی و شد انجام شد  مش صات دموگرافیک افراد موردمطالعه ثبت 

  گیری شدندی اندازهو شش ساعت پس از بستری با سونوگراف 120و  30دقایق ورود و 

 مارد( 1/59  نفار 65 تعاداد ایان از که بود سال 62/67  ±  67/14ها  ی آنشدند  میانگین سنّ  مطالعهنفر وارد    109درمجموع    هاافتهی 

 6در  69/0 ±1/0 و دقیواه 60در   69/0 ±1/0و  30 دقیوهدر 71/0 ±0/ 27در بدو ورود،  71/0 ±0/ 27به ترتیب  RRI  موادیر  بودند

 (   = 00/0P-valueدر طول مطالعه کاهش یافته است   RRIدهد موادیر ساعت پس از شروع درمان بود که نشان می

در بیمااران  MAP( Mean arterial pressure(در طول احیا با افازایش  Renal resistive index )RRI( کاهش مودار ییریگ جهینت

یند درمان و ارزیابی حجم بیمااران مباتلا باه اعنوان شا م پرفیوژن بافتی در فرتواند بهمی  RRIمبتلا به شوک سپتیک همراه است   

  شوک سپتیک استفاده شود
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Introduction  
epsis which is a life-threatening disorder 

involving body organs is caused by the 

dysregulation of the host response to 

infection leading to hypo perfusion in 

organs and tissue. It is considered a septic shock if 

vasoactive agents are required due to low blood pressure 

after appropriate fluid management [1, 2]. Septic shock 

is associated with a high mortality rate if proper 

therapeutic interventions are not provided [3]. Macro 

circulatory (i.e., central venous pressure (CVP) and 

mean arterial pressure (MAP), and microcirculatory 

(i.e., urine output (UO) and lactate level) parameters 

should be assessed during the treatment of patients with 

septic shock, the goals set in the resuscitation of such 

patients [3]. The kidney which is one of the major 

organs affected by septic shock reduces UO and causes 

renal damage by reducing renal perfusion and 

inflammatory changes [4, 5]. Renal resistive index 

(RRI) is one of the indices illustrating the 

hemodynamics of the kidneys; changes in 

hemodynamics and intravascular volume affect RRI [6]. 

A negative relationship was detected between RRI and 

MAP in patients with acute kidney injury (AKI); 

nonetheless, the same relationship was not observed 

between RRI and cardiac output in patients with other 

critical illnesses [7]. However, some studies 

demonstrated that RRI decreased significantly in 

patients with septic shock whose MAP values increased 

from 65 to 75 mmHg following norepinephrine 

administration, and RRI is suggested as the most rapid 

indicator of optimum MAP for renal perfusion and 

retention of UO. Therefore, optimal MAP, which can be 

determined based on RRI, is a systemic parameter, 

suggesting tissue perfusion in patients with septic shock 

[8]. It was hypothesized that the RRI value is an 

indicator of tissue perfusion in assessing the 

improvement of patients with septic shock. In light of 

the aforementioned issues, the present study aimed to 

assess the RRI changes along with other therapeutic 

parameters within six hours of receiving the standard 

treatment of septic shock. The assessment of this non-

invasive index in patients with septic shock can be of 

great help in the management of their treatment. 

Materials and Methods 

The present single-center, prospective, observational 

study was performed in the Emergency Department (ED) 

of Emam Khomeini Educational Hospital in Sari, Iran, 

from July 2018 to September 2019. This hospital is a 

tertiary care center in Sari with referrals from all hospitals 

in Northern Iran. The ED of this center is equipped with 

five beds in the intensive care unit (ICU) called ED-ICU 

[9]. The critically ill patients requiring intensive care, 

including those that should undergo mechanical 

ventilation, and need invasive hemodynamic monitoring 

or critical observation, are admitted to this unit.  

The present single-center, prospective, observational 

study was performed on all patients with septic shock 

admitted to the ED-ICU during the study period. Septic 

shock was diagnosed in the present study based on the 

Third International Consensus Definitions for Sepsis 

and Septic Shock (Sepsis-3) [1]. All the patients aged 

above 18 years diagnosed with septic shock and 

referring to ED were included in the study. Patients who 

were excluded from the study included those with 

known chronic kidney disease, those undergoing 

abdominal radiotherapy or dialysis, patients with 

trauma, those undergoing cardiopulmonary 

resuscitation, those who died within the six hours of 

follow-up, and patients without a clear ultrasound view. 

In the present study, patient’s information, including 

age, gender, past medical disease, physiological scoring, 

vital signs (Vital signs were measured by 

sphygmomanometer, heart rate monitoring, and pulse 

oximeter), and paraclinical findings, were collected 

prospectively. Vital signs, RRI, UO, and central venous 

pressure, were measured, and the interpretation of 

arterial blood gases was performed during the study 

period. Finally, the mortality rate of the patients was 

assessed after 30 days. 

All the subjects underwent standard treatment 

according to the Guidelines of the American College of 

Critical Care Medicine [10], including early goal-

directed resuscitation in the first six hours of septic 

shock. A urinary catheter and an internal jugular or 

subclavian venous catheter were inserted for the 

subjects. All patients with CVP≥ 8 and without any 

changes in hemodynamic status after receiving one liter 

of crystalloid fluid were considered non-volume-

responsive. Those who were non-volume-responsive 

were given a maintenance crystalloid fluid of one liter in 

8 hours and a minimum effective dose of a vasopressor 

(3 microgram/minute) to maintain MAP at 65 mmHg 

[11]. Norepinephrine was the only vasopressor used in 

the current study. All patients were followed up for six 

hours, during which their body temperature, heart rate, 

blood pressure, respiration rate, UO, central venous 

pressure, and blood gas were measured on arrival, as 

well as 30 and 120 minutes, and six hours after the 

treatment onset. Age and gender were recorded; 

moreover, their simplified acute physiology score 

(SAPS) II and acute physiology and chronic health 

evaluation (APACHE) II were determined. The RRI was 

determined by Doppler ultrasound (Sonosite EDGE) of 

renal interlobular veins performed by an emergency 

S 

124 



 

 

 

 
  

Aminiahidashti M, et al. Renal Resistive Index in Patients with Septic Shock: Changes in the Renal Resistive index in the Assessment of Response to Treatment during  
Resuscitation of Patients with Septic Shock; a Prospective Observational Study. 2023; 29(2): 122-130 

 

April 2023. Vol 29. Issue 2 

125 

physician who was qualified in using a 2-5-MHz curved 

probe (Figure 1). The RRI was measured at baseline 

(RRI0), as well as 30 (RRI30) and 120 (RRI120) 

minutes and six hours (RRI6h) after the treatment onset.  

The right kidney is observed on the monitor if the 2-

5MHz curved prop is placed on the right side 

midaxillary line, as the transducer dot facing upwards, 

and the interlobular artery of the kidney a13re then 

identified using the color option. Using continuous-

wave Doppler, the interlobular artery is detected in the 

same place. The gain adjustment is also used for greater 

clarity of images and waves. An image with three clear 

continuous waves is considered ideal, and the frozen 

image and RI are calculated as peak systolic velocity-

end diastolic velocity/peak systolic velocity. All three 

continuous waves on the monitor are used to calculate 

RI and, the mean value is considered the overall RI for 

all patients [12]. RRI changes were assessed and 

evaluated within six hours of the treatment process. 

 

 

 
Figure 1. Doppler ultrasound of interlobular veins was performed 
on the right kidney. Date were expressed in five consecutive 
waves with IR=0.67 

 

Based on the Kolmogorov-Smirnov test results, the 

hypothesis of the normality of continuous variables was 

confirmed (P=0.05). Therefore, independent samples t-

test was used to compare continuous variables and the 

Chi-square test was utilized for qualitative variables. 

Continuous variables were expressed as mean±standard 

deviation and qualitative variables were presented as 

median (interquartile range)  .The repeated measures 

ANOVA was employed to compare RRI levels at 

different time points between the two groups of patients 

surviving more than 30 days (the survival group) and 

those dying before 30 days (the non-survival group). To 

compare RRI values at different time points, the 

Friedman nonparametric test was employed. the logistic 

regression model was used to investigate its effect 

during the study. Data analysis was performed using 

SPSS (version 13.0), STAT, and R software packages. 

Results 

Out of 183 patients with septic shock referring to ED 

during the study period, 109 (59.56%) cases completed 

the study, and their data were analyzed (Figure 2). 

The mean age of patients was 67.62±14.67 years, and 

65 (59.1%) subjects were males. Moreover, 41 (37.3%) 

cases died, and the mean scores of the subjects in 

APACHE II and SAPS were 23.46±21.76 and 

50.54±21.76, respectively, demonstrating a significant 

difference between the non-survival and survival 

groups. In addition, 34 (30.9%), 48 (43.6%), 13 

(11.8%), and 14 (12.7%) subjects had urinary tract 

infections, respiratory infections, abdominal infections, 

and other causes of septic shock. The prevalence of 

urinary tract infections was significantly higher in those 

who died. Moreover, 54 (49.1%), 26 (23.6), 44 (40%), 

and 33 (30%) subjects had diabetes (DM), subjects 

chronic obstructive disease (COPD), cancer, and 

hypertension (HTN). In addition, 28 (25.5%) cases were 

smoker and 6 (5.5%) subjects used corticosteroids. The 

prevalence of underlying diseases, such as diabetes, 

cancer, and hypertension, were significantly higher in 

the non-survival group. In total, 46 (42.2%) patients 

underwent mechanical ventilation, the majority 

belonging to the non-survival group and 43 (39.45%) 

subjects underwent packed-cell infusion during the 

study period. The mean MAP of patients on arrival and 

six hours after the treatment onset was 72.82±8.49 

mmHg and 93.51±5.64 mmHg, respectively, with a 

significant increase over time (P=<0.001). Systolic 

blood pressure increased from 80.82±12.63 mmHg on 

arrival to 107.75±17.62 mmHg during the treatment 

(P=0.01), and their heart rate had no significant changes 

over time (115.18±11.3 beat/minute on arrival versus 

95.21±8.62 beat/minute after six hours of treatment 

onset (P=0.63). RRI increased from 0.71±0.03 on arrival 

to 0.70±0.1 after six hours of treatment onset (P=0.05); 

RRI value was significantly higher in the non-survival 

group until the 30 minutes of treatment onset, compared 

to survivals (Table 1). 

 

125 



 

 

 

 
  

Aminiahidashti M, et al. Renal Resistive Index in Patients with Septic Shock: Changes in the Renal Resistive index in the Assessment of Response to Treatment during  
Resuscitation of Patients with Septic Shock; a Prospective Observational Study. 2023; 29(2): 122-130 

 

April 2023. Vol 29. Issue 2 

124 

 

                                            
                                             Figure 2. Patient Flowchart 

 

Table 1. Comparison of basal characteristics of survived and non-survived patients in study 

P-value 
Total 

Variable 
Non-survived (n=41) Survived(n=68) 

1.000 
24 (22) 41 (37.6) Male 

Gender 
17 (15.6) 27 (24.8) Female 

0.225 69.83 (14.704) 66.29 (14.6) 
Age (yr) 
Mean (SD) 

0.042 55.97 (17.70) 47.26 (23.40) 
SAPS II †, 
mean (SD) 

0.013 26.68 (11.16) 21.53 (9.79) 
APACHE II ‡, 
mean (SD) 

0.026 18 (43.9) 16 (23.5) Urinary, n (%) 

Origin of sepsis 
0.092 14 (34.1) 34 (50.7) Respiratory, n (%) 
0.946 5 (12.2) 8 (11.8) Abdominal, n (%) 
0.454 4 (9.8) 10 (14.7) Others, n (%) 
0.024 26 (63.4) 28 (41.2) Diabetes, n (%) 

Past medical 
history 

0.135 13 (31.7) 13 (19.1) Chronic obstructive disease, n (%) 
<0.001 33 (80.5) 11 (16.2) Cancer, n (%) 
0.117 14 (34.1) 14 (20.6) Tobacco use, n (%) 
0.048 17 (41.5) 16 (23.5) Hypertension, n (%) 
0.131 4 (9.8) 2 (2.9) Corticosteroids use, n (%) 

<0.001 30 (27.5 ( 16 (14.7 ( Patients requiring mechanical ventilation 
0.163 20 (18.3) 23 (21.1) Patients undergoing blood transfusion 

<0.001 87.445 (12.436) 97.088 (8.011) mean SBP, mmHg 
0.001 75.88 (15.576) 83.79 (9.412) SBP on arrival, mmHg 
0.008 84.15 (10.66) 89.56 (9.763) SBP at 30 min, mmHg 

<0.001 91.34 (18.132) 101.62 (8.913) SBP at 120 min, mmHg 
<0.001 98.41(24.301) 113.38 (7.891) SBP after 6 h, mmHg 
<0.001 77.896 (10.995) 85.433 (6.663) Mean MAP 
0.001 69.512 (9.375) 75.191(7.827) MAP on arrival 
0.010 74.683 (9.078) 79.176 (8.343) MAP at 30 min 

<0.001 80.927(15.685) 89.353 (7.521) MAP at 120 min 
0.002 86.463 (21.479) 98.015 (6.888) MAP after 6 h 
0.405 102.006 (12.391) 100. 180 (8.244) Mean PR 
0.379 116.41(11.28) 114.44 (11.327) PR on arrival 
0.729 105.44 (17.641) 104.56 (8.773) PR at 30 min 
0.306 97.78 (18.85) 94.6 (7.249) PR at 120 min 
0.736 88.39 (22.065) 87.12 (12.311) PR after 6 h 
0.006 0.718 (0.063) 0.693 (0.025) Mean RRI 

<0.001 0.733 (0.024) 0.699 (0.020) RRI on arrival 
<0.001 0.732 (0.023) 0.699 (0.021) RRI at 30 min 
0.141 0.712 (0.116) 0.683 (0.086) RRI at 120 min 
0.936 0.694 (0.161) 0.692 (0.024) RRI after 6 h 

 
† SAPS: Simplified Acute Physiology Score 
‡ APACHE II: Acute Physiology and Chronic Health Evaluation II; IQR: interquartile range; 3.2. Outcome data 
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Treatment was based on the early goal-directed 

resuscitation [13], and the treatment goal was set to MAP 

≥65mmHg and CVP ≥8mmHg; RRI was determined 

accordingly at different time points (Figure 3). 

There was no significant difference in RRI values 

between the two groups on arrival and 30 minutes and 

six hours after the treatment onset. For a more detailed 

evaluation, the Mann-Whitney nonparametric test was 

used, in which the P-value of 0.413 indicated the same 

mean RRI on arrival, as well as P=0.172 for RRI 30 and 

P=0.405 for RRI 6h. Nonetheless, in the second hour of 

treatment, a significant difference was found between 

RRI120 values (P=0.05). RRI values were generally 

compared in Figure 4. 

To compare RRI levels at different time points, the 

Friedman nonparametric test (given that the normality 

of the data was rejected) was used. The mean RRI rank 

at different time points is presented in Table 2. 

The mean rating value decreased over time from RRI 

on arrival to RRI after six hours. There was a significant 

difference among RRI levels at four time points (0, 30, 

and 120 minutes, as well as six hours). The Wilcoxon 

post hoc test was utilized to examine RRI level 

variability across time points (Table 3).
 

 

                             
Figure 3. Changes in RPI at different time points from treatment onset. Boxplot diagram of PRI difference between pantients achieving (MAP≥65 and 
CVP ≥8 mmHg) and not achieving treatment goals. 

 

 

                             
Figure 4. PRI changes during the study in groups achieving (MAP ≥65 and CVP≥8 mmHg) and not achieving the treatment goal. 
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                                                            Table 2. Patients’ RRI during the study 

P-value Mean Rank Mean (SD)  

<0.001 

2.88 0.7124(0.27) RRI on arrival 
2.86 0.7119(0.27) RRI at 30 min 
2.30 0.6948(0.1) RRI at 120 min 
1.97 0.6931(0.1) RRI after 6 h 

 

                                                                          a.  Friedman test  t 

 
                               Table 3. RRI Changes at Different Time Points 

RRI6h-RRI120 RRI6h-RRI30 RR120-RRI30 RR6h-RRI0 RRI120-RRI0 RRI30-RRI0  

0.013 <0.001 <0.001 <0.001 <0.001 .305 value-P 

 

                                                 a. Wilcoxon signed ranks test 

 

To calculate the significance level, the Bonferroni 

correction was used as . Therefore, in Table 

3, differences between the groups with a P<0.008 were 

considered significant. Therefore, there was a significant 

difference in RRI levels between the time points of (0 

and 120), (0 and six hours), (30 and 120 minutes), and 

(30 minutes and six hours). The RRI level decreased at 

120 minutes compared to RRI on arrival, at six hours 

compared to zero minutes, at 120 minutes compared to 

30 minutes, and at six hours compared to 30 minutes. 

Using logistic regression, the Omnibus tests of model 

coefficients illustrated that RRI had no significant effect 

on achieving the treatment goal of MAP ≥65 mmHg and 

CVP ≥8 mmHg. The P-values were 0.54 on arrival, 0.26 

at 30 minutes, 0.40 at 120 minutes, and 0.54 after six 

hours. 

Discussion  

In the study, the RRI value decreased significantly 

only 120 minutes after the treatment onset in the group 

achieving the treatment goal, compared to those not 

achieving; however, on arrival, as well as 30 minutes 

and six hours after the treatment onset, the RRI value 

had no significant changes; nonetheless, in general, RRI 

value decreased during the study period. Studies pointed 

out  that with increasing blood pressure from 65 to 85 

mmHg, the RRI value significantly decreased [8], 

pointing to the  negative (inverse) relationship of MAP 

value with RRI at 30 and 120 minutes, as well as a 

positive (direct) relationship after six hours. Using 

Pearson correlation, the correlation between MAP and 

RRI was confirmed (). The MAP increase and RRI 

decrease during the study indicated an inverse 

relationship between the two variables and similar 

results were also observed in a study demonstrating that 

the increase in pressure was accompanied by a decrease 

in the kidney [14]. Some studies also highlighted a weak 

and inverse relationship between the two variables in 

patients with septic shock without acute kidney injury, 

and RRI alone cannot indicate hemodynamic changes in 

such patients to reflect optimal MAP [15, 16]. In the 

study by Deruddre S and et al., RRI was used as a 

marker of renal perfusion in the management of patients 

with septic shock [8]. Given that in the present study, 

the RRI value decreased during the study, it can be used 

as a volume and hemodynamic assessment index. In 

some studies, the hemodynamic changes caused by fluid 

challenges did not lead to changes in RRI [17]. The 

presence of underlying diseases, such as diabetes and 

hypertension, was significantly higher in those who 

died; in some studies, since such diseases affect vascular 

compliance, they eventually led to an increase in RRI 

[18]. Critically ill patients with septic shock admitted to 

ICU had a higher RRI than their counterparts without 

septic shock (19), and in the present study, the subjects 

who died had a higher RRI than those who survived. 

Increased RRI was strongly associated with multiple 

organ failure [20,21]. In the present study, the RRI value 

was significantly higher in those who died or were 

critically ill based on SAPS II and APACHE II criteria.  

Some studies revealed that higher RRI increased the 

need for mechanical ventilation in patients with sepsis 

[22]. A high renal resistance index is a sign of failure to 

reach the treatment goals and deterioration of the 

patient's condition. In some studies, RRI was the best 

predictor of acute kidney injury in septic shock [23]. 

Nevertheless, in the present research, the mortality rate 

was higher in those undergoing mechanical ventilation. 

Based on the results, RRI was 0.73±0.06 in those 

undergoing mechanical ventilation and 0.70±0.03 in the 

subjects not undergoing invasive airway management; 

the difference between the groups was statistically 

significant (). The use of both RRI and CVP had a 

higher predictive value than using one alone to diagnose 

acute renal failure caused by sepsis [24]. However, in 

those with a CVP of <8 mmHg, the mean scores of 

disease severity based on SAPS II and APACHE II 

scores were 51.60±22.52 and 23.47±11.49; nonetheless, 
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they were 49.01±21.18 in SAPS II and 23.21±10.14 in 

APACHE II in those with a CVP of ≥8 mmHg, 

illustrating a statistically significant difference. 

However, factors, such as age, are directly correlated 

with RRI (), and in some studies, aging was associated 

with vascular changes, and decreased renal vascular 

compliance affected RRI value [25]. Although some 

conditions, such as DM and HTN, are known as 

diseases causing AKI [26], these conditions had no 

correlations with RRI value in the present study ().  

Among the notable limitations of this study, we can 

refer to the lack of patients’ follow-up after six hours (). 

Moreover, the small sample size and the lack of 

enrolment of those who died during the study were other 

limitations of the study. Nearly double the number of 

patients were intubated in the non-survivor group. It is 

conceivable that PPV would affect RRI. A multicenter 

study with a larger sample size and prolonged follow-up 

course to determine whether RRI can be used as a 

marker of volume assessment in patients with septic 

shock is recommended.  

Conclusion 

The RRI was different between survivors and 

nonsurvivors in this study and patients with higher MAP 

had lower RRI values on arrival and their MAP increased 

and RRI decreased during the treatment. In addition, RRI 

reduction occurred at the beginning of resuscitation with 

fluids and norepinephrine infusion. Therefore, RRI 

changes can be used during the treatment of patients with 

septic shock and RRI is feasible to track in an EDICU and 

may play a role in the monitoring for treatment efficacy; 

nonetheless, more studies are required. 
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