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Perioperative sedative use is not associated with acute kidney 
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Background: The use of sedatives (propofol or dexmedetomidine) is common in total knee arthroplasty 
(TKA) or total hip arthroplasty (THA) under spinal anesthesia. Although propofol and dexmedetomidine 
have been reported to decrease the risk of acute kidney injury (AKI) after cardiac surgery, their effects 
on AKI incidence after TKA or THA are still unknown. The purpose of this study was to investigate the 
associations between sedative dosage (propofol and dexmedetomidine) and AKI incidence after TKA or 
THA under spinal anesthesia.
Methods: This retrospective observational study analyzed medical records of adult patients aged 18 years 
or older who underwent unilateral TKA or THA under spinal anesthesia at a single tertiary care hospital 
between January 2007 and June 2018. Data were analyzed using univariable and multivariable logistic 
regression analyses. 
Results: A total of 5,663 patients were included in the analysis (TKA: 3,570, 63.0%; THA: 2,093, 
37.0%), and 147 patients (2.6%) developed AKI in postoperative days 0–3. Multivariable logistic regression 
analysis showed that propofol dosage (odds ratio: 0.99, 95% confidence interval: 0.94, 1.05; P=0.839) 
and dexmedetomidine dosage (odds ratio: 0.95, 95% confidence interval: 0.84, 1.09; P=0.461) were not 
significantly associated with AKI incidence.
Conclusions: This study demonstrated no significant association between sedative uses (propofol, 
dexmedetomidine) and AKI incidence after THA or TKA under spinal anesthesia, and use of such sedatives 
does not require extreme caution.
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Introduction

Total hip arthroplasty (THA) and total knee arthroplasty 
(TKA) are usually performed to treat advanced arthritis, 
with their prevalence increasing steadily (1). Thus, early 
recovery after surgery (ERAS) of patients who underwent 
THA or TKA has become an important clinical issue (2). 
From the ERAS perspective, occurrence of postoperative 
complications must be reduced in patients who underwent 

THA or TKA. An important complication is acute kidney 
injury (AKI), with incidence rates after THA or TKA 
ranging from 1.85% to 6.85% (3-5). Considering that 
AKI occurrence after TKA is associated with worse long-
term outcomes, including higher readmission rate and  
mortality (6), AKI prevention after THA or TKA is 
clinically very important.

Although TKA or THA was generally previously 
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performed under general anesthesia, regional anesthesia 
has become a recent global trend for THA or TKA (7). 
In regional anesthesia, anesthesiologists perform sedation 
to reduce patient anxiety (8). Sedative agents commonly 
used for such cases include midazolam, propofol, and 
dexmedetomidine (8). Of these, propofol has been reported 
to have anti-inflammatory and protective effects against 
renal ischemia, while reducing AKI incidence in critically 
ill patients or patients who underwent cardiac surgery 
(9,10). Moreover, a recent meta-analysis reported that 
perioperative administration of dexmedetomidine reduces 
AKI in adult cardiac surgery patients (11), and the 
mechanism is presumed to involve dexmedetomidine’s 
anti-inflammatory and protective effects against renal 
ischemia (12,13).

Thus, the use of propofol or dexmedetomidine may 
decrease postoperative AKI incidence with increasing 
dosage. However, no study has been done to investigate 
this. Thus, this study aimed to investigate the associations 
between dosage of propofol and dexmedetomidine 
used during TKA or THA under spinal synesthesia and 
postoperative AKI incidence. We hypothesized that 
as propofol or dexmedetomidine dosage increases, the 
incidence of postoperative AKI will decrease. 

Methods

This retrospective study was conducted after approval by 
the Institutional Review Board (IRB) of Seoul National 
University Bundang Hospital (SNUBH) (Approval 
Number: B-1711/432-103). The requirement to obtain 
informed consent was waived by the IRB because of the 
retrospective nature of the study. The STROBE guidelines 
for reporting on observational cohort studies were followed. 
Medical records of adult patients aged 18 years or older 
who underwent TKA or unilateral THA under spinal 
anesthesia at SNUBH between January 1, 2007, and June 
30, 2016, were reviewed in the study. Patients whose serum 
creatinine level was not measured within 1 month prior to 
the procedure or in postoperative days (POD) 0–3 were 
excluded from the analysis. 

Anesthesia for TKA or THA 

At SNUBH, hyperbaric local anesthetics have been 
used with 10–15 µg of fentanyl for unilateral TKA or 
THA procedure. The aimed block level was T10. After 
attaining adequate block level, midazolam, propofol, or 

dexmedetomidine was used to sedate patients during the 
procedure. The use and dosage of each sedative was at the 
discretion of the anesthesiologist. 

Diagnosis of AKI in POD 0–3

We followed the criteria and grading of Kidney Disease: 
Improving Global Outcomes for the diagnosis of AKI (14). 
However, taking into consideration the varying duration of 
urinary catheterization, urine output was excluded, and only 
serum creatinine was used for the AKI diagnosis. Serum 
creatinine measured preoperatively within 1 month before 
the procedure was used as the baseline value, while serum 
creatinine measured in POD 0–3 was used as postoperative 
serum creatinine. 

Stage 1 AKI was diagnosed when there was ≥0.3 mg/dL 
increase in serum creatinine or when serum creatinine increase 
to ≥1.5–1.9. Stage 2 AKI was defined as ≥2.0–2.9-fold increase 
in serum creatinine from preoperative serum creatinine, 
and stage 3 AKI was defined as ≥3-fold increase in serum 
creatinine from preoperative serum creatinine, ≥4.0 mg/dL 
increase, or new initiation of renal replacement therapy 
(RRT) within 48 h.

Other measurements and outcome

Baseline characteristics [age (year), sex, and body mass index 
(kg/m2)], preoperative comorbidities [American Society 
of Anesthesiologists (ASA) physical status, hypertension, 
ischemic heart disease, cerebrovascular disease, diabetes 
mellitus, anemia, estimated glomerular filtration rate (eGFR, 
mL/min/1.73 m2)], operative characteristics [surgery and 
anesthesia time 16, type of surgery (TKA or THA), total 
fluid input in POD 0 (15), intraoperative mean blood 
pressure (mmHg), transfusion of packed red blood cell 
(pRBC) in POD 0, years at surgery] of the patients were 
collected. The Modification of Diet in Renal Disease 
formula was used for the preoperative eGFR calculation (16): 
Preoperative eGFR (mL/min/1.73 m2): 186× (preoperative 
creatinine)−1.154 × (age)−0.203 × (0.742 if female).

Statistical analysis

Baseline characteristics of patients were presented as mean 
with standard deviation (SD) or number with percentage. 
First, we performed univariable logistic regression analysis 
to examine individual associations between AKI in POD 0–3 
and each variable. Variables with P<0.2 from this univariable 
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logistic regression analysis were selected and included in the 
final multivariable logistic regression analysis, in addition to 
our key variables of interest, such as sedative use (midazolam, 
propofol, and dexmedetomidine). Multi-collinearity was 
not detected in this multivariable logistic regression model 
(all variance inflation factors <0.2), and the goodness of 
fit of the model was tested using Hosmer and Lemeshow 
statistics. All statistical analysis was performed using IBM 
SPSS version 24.0 and P<0.05 was considered statistically 
significant.

Results

Among 10,678 patients who underwent TKA or THA 
between January 2007 and June 2018, 542 were given 
general anesthesia and 1,083 were given spinal-epidural 
anesthesia, and hence excluded. Of the remaining 
9,053 patients, 773 were excluded because they did not 
have baseline serum creatinine recorded during the 
preoperative period, and 2,617 were excluded because they 
did not have serum creatinine recorded in POD 0–3. The 
final sample for analysis included 5,663 patients, of which 
3,570 underwent TKA (63.0%) and 2,093 underwent 
THA (37.0%) (Figure 1). The baseline characteristics 
of these patients are presented in Table 1. In POD 0–3,  
147 patients (2.6%) developed total AKI, and of these 

patients, 12 (0.3%) had AKI stage ≥2. For sedation, 
midazolam was used in 5,444 patients (96.1%) with 
mean (SD) dosage of 2.7 mg (1.0), propofol was used in 
1,912 patients (33.8%) with mean (SD) dosage of 766.1 mg 
(411.3), and dexmedetomidine was used in 651 patients 
(11.5%) with mean (SD) dosage of 209.7 μg (166.6).

Perioperative sedative use and AKI in POD 0–3

The results of the univariable logistic regression analysis 
for AKI in POD 0–3 are presented in Table 2. Midazolam 
dosage (OR: 0.76, 95% CI: 0.66, 0.88; P<0.001) and 
dexmedetomidine dosage (OR: 1.13, 95% CI: 1.02, 1.26; 
P=0.022) were associated with occurrence of AKI, while 
propofol dosage (OR: 1.00, 95% CI: 0.96, 1.04; P=0.855) 
was not associated with occurrence of AKI. The results of 
the multivariable logistic regression analysis, which include 
variables with P<0.2 from the univariable logistic regression 
model, are presented in Table 3. The multivariable logistic 
regression analysis showed that midazolam dosage (OR: 
0.96, 95% CI: 0.79, 1.16; P=0.653), propofol dosage (OR: 
0.99, 95% CI: 0.94, 1.05; P=0.839), and dexmedetomidine 
dosage (OR: 0.95, 95% CI: 0.84, 1.09; P=0.461) were not 
significantly associated with AKI occurrence in POD 0–3. 

In the multivariable logistic regression analysis, factors 
significantly associated with AKI were ASA classification 
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1st screened
Unilateral TKA or THA under spinal anesthesia

n=9,053 patients 

Exclusion (n=1,625)
- General anesthesia (n=542)
- Spinal-Epidural anesthesia (n=1,083)
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Figure 1 Flow chart of patient selection.
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Table 1 Baseline characteristics of patients who received total hip or knee arthroplasty under spinal anesthesia in 2005–2018

Variable Total (N=5,663), n (%) Mean SD

Age, year 65.5 13.3

Sex: male 1,444 (25.5)

Body mass index, kg/m2 26.1 4.1

Preoperative comorbidities

ASA classification

1 1,469 (25.9)

2 3,875 (68.4)

≥3 319 (5.6)

Hypertension 2,347 (41.4)

Ischemic heart disease 352 (6.2)

Cerebrovascular disease 232 (4.1)

Diabetes mellitus 897 (15.8)

Anemia (hemoglobin <10 g/dL) 371 (6.6)

eGFRa, mL/min/1.73 m2

≥90 2,619 (46.2)

60–90 2,397 (42.3)

30–60 601 (10.6)

<30 or preoperative RRT 46 (0.8)

Operative characteristics

Surgery time, min 107.1 28.9

Anesthesia time, min 128.5 44.9

Type of surgery

Total knee arthroplasty 3,570 (63.0)

Total hip arthroplasty 2,093 (37.0)

Fluid input in POD 0, mL 2,421.3 968.0

Intraoperative MBP, mmHg 72.2 8.9

Transfusion of pRBC in POD 0 678 (12.0)

Hydroxyethyl starch infused in POD 0 1,283 (22.7)

Years at surgery

2005–2010 1,499 (26.5)

2011–2014 1,795 (31.7)

2015–2018 2,369 (41.8)

Sedative uses for surgery

Midazolam 5,444 (96.1)

Dosage, mg 2.7 1.0

Propofol 1,912 (33.8)

Dosage, mg 766.1 411.3

Dexmedetomidine 651 (11.5)

Dosage, μg 209.7 166.6

Acute kidney injury in POD 0–3 147 (2.6)

Acute kidney injury in POD 0–3: stage ≥2 12 (0.3)
a, preoperative eGFR (mL/min/1.73 m2): 186 × (Creatinine)−1.154 × (Age)−0.203 × (0.742 if female). ASA, American society of anesthesiologists; 
eGFR, estimated glomerular filtration rate; RRT, renal replacement therapy; POD, postoperative day; POD, postoperative day.
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Table 2 Univariable logistic regression analysis for occurrence of acute kidney injury in POD 0–3

Variables Odds ratio (95% CI) P value

Sex: male 1.02 (0.70, 1.48) 0.921

Age, year 1.02 (1.01, 1.04) 0.001

Body mass index, kg/m2 1.02 (0.99, 1.05) 0.303

Preoperative comorbidities

ASA classification 

1 1 <0.001

2 3.91 (2.10, 7.28) <0.001

≥3 11.27 (5.49, 23.2) <0.001

eGFRa, mL/min/1.73 m2

≥90 1

60–90 0.61 (0.37, 1.00) 0.051

30–60 3.82 (2.43, 6.00) <0.001

<30 or preoperative RRT 1,317.95 (309.54, 5,611.54) <0.001

Hypertension 1.66 (1.20, 2.31) 0.002

Ischemic heart disease 2.02 (1.21, 3.39) 0.008

Cerebrovascular disease 1.00 (0.44, 2.28) 0.993

Diabetes mellitus 2.42 (1.69, 3.46) <0.001

Anemia (hemoglobin <10 g/dL) 4.25 (2.83, 6.38) <0.001

Operative characteristics

Surgery time, hour 0.73 (0.50, 1.06) 0.099

Anesthesia time, hour 0.85 (0.67, 1.08) 0.180

Type of surgery

Total knee arthroplasty 1

Total hip arthroplasty 0.61 (0.42, 0.88) 0.009

Fluid input in POD 0, liter 0.67 (0.54, 0.82) <0.001

Intraoperative MBP, mmHg 1.01 (0.99, 1.03) 0.260

Transfusion of pRBC in POD 0 1.53 (0.99, 2.37) 0.059

Hydroxyethyl starch infused in POD 0 0.63 (0.40, 0.98) 0.041

Years at surgery

2005–2010 1 0.382

2011–2014 1.19 (0.78, 1.82) 0.412

2015–2018 0.91 (0.60, 1.39) 0.673

Sedative uses for surgery

Midazolam, per 1 mg 0.76 (0.66, 0.88) <0.001

Propofol, per 100 mg 1.00 (0.96, 1.04) 0.855

Dexmedetomidine, per 100 μg 1.13 (1.02, 1.26) 0.022

All covariates of P<0.2 in univariable logistic regression analysis were included in multivariable logistic regression analysis. a, preoperative 
eGFR (mL/min/1.73 m2): 186× (Creatinine)−1.154 × (Age)−0.203 × (0.742 if female). ASA, American society of anesthesiologists; eGFR, 
estimated glomerular filtration rate; RRT, renal replacement therapy; POD, postoperative day; POD, postoperative day.
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Table 3 Multivariable logistic regression analysis for occurrence of acute kidney injury in POD 0–3

Variables Odds ratio (95% CI) P value

Age, year 1.00 (0.98, 1.03) 0.962

Preoperative comorbidities

ASA classification 

1 1 0.101

2 2.24 (1.05, 4.79) 0.037

≥3 1.79 (0.62, 5.15) 0.280

eGFRa, mL/min/1.73 m2

≥90 1 <0.001

60–90 0.60 (0.35, 1.02) 0.058

30–60 3.62 (2.19, 5.98) <0.001

<30 or preoperative RRT 1,096.1 (232.5, 5,166.8) <0.001

Hypertension 0.92 (0.58, 1.46) 0.708

Ischemic heart disease 1.18 (0.58, 2.40) 0.642

Diabetes mellitus 2.27 (1.42, 3.63) 0.001

Anemia (hemoglobin <10 g/dL) 1.75 (0.96, 3.19) 0.068

Operative characteristics

Surgery time, hour 0.94 (0.57, 1.56) 0.822

Type of surgery

Total knee arthroplasty 1

Total hip arthroplasty 0.63 (0.29, 1.35) 0.236

Fluid input in POD 0, L 0.82 (0.63, 1.06) 0.127

Transfusion of pRBC in POD 0 2.61 (1.26, 5.40) 0.010

Hydroxyethyl starch infused in POD 0 1.29 (0.66, 2.51) 0.452

Sedative uses for surgery

Midazolam, per 1 mg 0.96 (0.79, 1.16) 0.653

Propofol, per 100 mg 0.99 (0.94, 1.05) 0.839

Dexmedetomidine, per 100 μg 0.95 (0.84, 1.09) 0.461

All covariates of P<0.2 in univariable logistic regression analysis were included in multivariable logistic regression analysis. All covariates 
of P<0.2 in univariable regression analysis were included in multivariable regression model. Hosmer and Lemeshow stat: Chi-square: 6.935, 
P=0.544. All variance inflation factors in this multivariable model were <2.0. a, preoperative eGFR (mL/min/1.73 m2): 186 × (Creatinine)−1.154 
× (Age)−0.203 × (0.742 if female). ASA, American society of anesthesiologists; eGFR, estimated glomerular filtration rate; RRT, renal 
replacement therapy; POD, postoperative day; POD, postoperative day.

2 (vs. 1) (OR: 2.24, 95% CI: 1.05, 4.79; P=0.037); 
preoperative eGFR, 30–60 (vs. ≥90) (OR: 3.62, 95% 
CI: 2.19, 5.98; P<0.001), <30, or preoperative RRT (vs. 
≥90) (OR: 1,096.1, 95% CI: 232.5, 5,166.8; P<0.001); 
diabetes mellitus (OR: 2.27, 95% CI: 1.42, 3.63; P=0.001); 
and transfusion of pRBC in POD 0 (OR: 2.61, 95%  

CI: 1.26, 5.40; P=0.010).

Discussion

This retrospective study demonstrated that perioperative 
sedative use is not associated with AKI in POD 0–3 after 
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TKA or THA under spinal anesthesia. In particular, the use 
of propofol or dexmedetomidine, which we hypothesized 
would decrease the incidence of AKI, was not associated 
with AKI incidence. This study is valuable as it shows for 
the first time that, at least, sedative use in in postoperative 
AKI does not require caution. 

A possible explanation that could be considered 
first for the lack of association between propofol or 
dexmedetomidine use and AKI incidence is the degree of 
renal ischemia or inflammatory reaction that can be induced 
by TKA or THA itself. Studies that reported propofol or 
dexmedetomidine decreases postoperative AKI are studies 
on cardiac surgery (10,11). Cardiopulmonary bypass is used 
in many cases during cardiac surgery, and in such cases, 
numerous cytokines are secreted, leading to severe renal 
ischemia (17). Indeed, AKI after cardiac surgery is common, 
with reported incidence of up to 50% (18). TKA or THA 
is limited to the lower limb, and by nature, stress response 
to TKA or THA is relatively lower than that to cardiac 
surgery. Thus, a lack of significant association between 
propofol or dexmedetomidine use and postoperative AKI 
may be attributed to the surgical characteristics of THA or 
TKA and cardiac surgery.

The second point to consider is that this study only 
included patients who received spinal anesthesia. Possibly, 
stimulation from surgical stress may have been lower 
with spinal anesthesia than in with general anesthesia. 
Considering that inflammatory reaction is known to be 
closely associated with occurrence of AKI (19), the anti-
inflammatory effect of propofol or dexmedetomidine could 
have been lessened during spinal anesthesia. 

Interestingly, this study reported factors shown to be 
associated with increased AKI after TKA or THA. First, 
the factor that was most strongly associated with increased 
AKI was preoperative chronic kidney disease (CKD) status, 
which can be determined through preoperative eGFR. This 
result is consistent with the recently reported findings (4,20), 
in one of which Weistein et al. reported that preoperative 
compromised renal function is the best predictor of increased 
risk of AKI (4). In the study by Weinstein et al., baseline 
eGFR was simply divided into two categories: >60 and  
≤60 mL/min/1.73 m2. When the baseline eGFR was ≤ 60, 
the risk of AKI increased 2.484 folds (95% CI: 1.195, 4.994, 
P=0.012). In contrast, the patients in our study were divided 
into more groups according to their preoperative eGFR 
status, and we presented OR for each AKI for preoperative 
eGFR 30–60 (CKD stage 3) and eGFR <30 or receiving 
preoperative chronic RRT (CKD stage 4). This showed 

that patients with stage 4 CKD, including end-stage renal 
disease, had the greatest increase in risk of AKI. While 
CKD is a well-known predisposing factor for AKI (21), the 
findings of this study showed concretely how much AKI risk 
is increased after THA or TKA for each CKD stage. 

Another point to consider is the incidence rate of 
AKI (2.6%) reported in this study after TKA or THA. 
This incidence rate is higher than the 1.1% reported by 
Gharaibeh et al. or the 1.85% reported by Weinstein et al., 
but lower than 3.3% reported by Kuan-Ting Wu et al. or 
the 6.8% reported by Jiang et al. (3-5,20). The incidence 
of AKI is largely affected by the level of the health care 
institution; hence, it could vary greatly across countries (22). 
Thus, when interpreting study results on AKI after THA or 
TKA, the study location must be taken into consideration. 
Our study showed an AKI incidence rate of 2.6% in POD 
0-3 after TKA and THA, which is significant in that this 
is the first report of AKI incidence after TKA and THA in 
South Korea.

This study had some limitations. First, given the 
retrospective observational design of this study, data 
quality and accuracy are naturally limited. Second, the 
generalizability of this study is limited, as this was a 
single-center study. Finally, varying duration of urinary 
catheter izat ion between pat ients  was  taken into 
consideration and only serum creatinine was used for 
the diagnosis of AKI in an effort to have accurate AKI 
diagnosis. Thus, sensitivity for diagnosis of AKI could 
be low. Nonetheless, this study is significant as it is the 
first to show that sedative use, such as propofol and 
dexmedetomidine, is not associated with decreased risk of 
AKI after TKA or THA. 

In conclusion, this study demonstrated no significant 
associat ion between sedat ive  uses  (propofol  and 
dexmedetomidine) and incidence of AKI after THA or 
TKA under spinal anesthesia, and use of such sedatives does 
not require extreme caution. 
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