
Introduction 

The incidence of postoperative acute kidney injury (AKI) in adult non-cardiac surgical 
patients reportedly ranges from 3% to 35% [1,2]. Much attention has been paid to post-
operative AKI as it can independently result in poor patient outcomes. In particular, 
some studies have reported that AKI affects both short- and long-term outcomes even in 
patients with mild severity who recovered after a short period of time following cardiac 
or non-cardiac surgery [1,3,4]. Therefore, it is important to reduce the incidence of post-
operative AKI by identifying high-risk patients through preoperative assessment, intra-
operative monitoring, and through the provision of appropriate management during and 
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Background: Many studies have examined the risk factors for postoperative acute kidney 
injury (AKI), but few have focused on intraoperative peripheral perfusion index (PPI) that 
has recently been shown to be associated with postoperative morbidity and mortality. 
Therefore, this study aimed to evaluate the relationship between intraoperative PPI and 
postoperative AKI under the hypothesis that lower intraoperative PPI is associated with 
AKI occurrence. 
Methods: We retrospectively searched electronic medical records to identify patients who 
underwent surgery at the general surgery department from May 2021 to November 2021. 
Patient baseline characteristics, pre- and post-operative laboratory test results, comorbidi-
ties, intraoperative vital signs, and discharge profiles were obtained from the Institutional 
Clinical Data Warehouse and VitalDB. Intraoperative PPI was the primary exposure vari-
able, and the primary outcome was postoperative AKI. 
Results: Overall, 2,554 patients were identified and 1,586 patients were included in our 
analysis. According to Kidney Disease Improving Global Outcomes (KDIGO) criteria, 
postoperative AKI occurred in 123 (7.8%) patients. We found that risks of postoperative 
AKI increased (odds ratio: 2.00, 95% CI [1.16, 3.44], P = 0.012) when PPI was less than 0.5 
for more than 10% of surgery time. Other risk factors for AKI occurrence were male sex, 
older age, higher American Society of Anesthesiologists physical status, obesity, underly-
ing renal disease, prolonged operation time, transfusion, and emergent operation. 
Conclusions: Low intraoperative PPI was independently associated with postoperative 
AKI. 
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after surgery [5,6]. There has been extensive research on the risk 
factors of perioperative AKI and an increasing number of studies 
are using machine learning and big data to predict AKI [5,7,8]. 
Known risk factors (some of which are not modifiable) reported 
by these studies include advanced age; pre-existing kidney disease 
or elevated preoperative serum creatinine levels; pre-existing co-
morbidities such as hypertension (HTN), congestive heart failure, 
and insulin-dependent diabetes mellitus (DM); obesity; sex; intra-
operative blood transfusion; hemodynamic instability; and use of 
vasopressors or diuretics [1,9–13]. Interestingly, a recent study re-
ported that peripheral perfusion index (PPI) during surgery may 
also be associated with postoperative morbidity and mortality, in-
dicating that PPI may be a risk factor worthy of further investiga-
tion [14,15]. To date, though there have been many studies that 
seek to predict high-risk groups for AKI or provide recommenda-
tions for controlling risk factors, there have been no studies that 
assessed the relationship between intraoperative PPI and postop-
erative AKI. 

Therefore, in this study, we hypothesized that low PPI is related 
to the occurrence of postoperative AKI and aimed to determine 
whether this was an independent risk factor. 

Materials and Methods 

Patients and data collection 

After obtaining approval from the Institutional Review Board 
of Seoul National University Hospital for retrospective record re-
view and a waiver for informed consent for this study (H-2112-
044-1280), we retrospectively reviewed medical records in the 
Seoul National University Hospital Patients Research Environ-
ment (SUPREME) website, searching for patients who underwent 
elective or emergent operations under general anesthesia at the 
general surgery department of Seoul National University Hospital 
and also underwent postoperative laboratory tests between May 
and November in 2021. Patients who underwent more than two 
surgeries under any type of anesthesia during a single hospital ad-
mission and those who had inadequate anesthetic records were 
excluded. Through a SUPREME search and electronic medical 
record review, patient baseline characteristics, results of preopera-
tive and postoperative laboratory tests, anesthetic and periopera-
tive variables, and discharge profiles were collected. Vital signs in-
cluding mean blood pressure (MBP), heart rate, peripheral oxy-
gen saturation, body temperature, and PPI value during surgery 
were continuously monitored by patient monitors (Philips Intelli-
Vue MX800, Koninklijke Philips, Netherlands) and compiled in 
the VitalDB database (http://vitaldb.net/) [16]. Patients with in-

complete data (where data recording was stopped before the end 
of the surgery), no data, or no PPI values were excluded. All vital 
signs were recorded at 1 s intervals and averaged every 15 min in 
accordance with the methodology provided by a previous study 
[14]. If MBP was less than 65 mmHg in more than 10% of the av-
eraged sections, the patient was defined as having intraoperative 
hypotension. Patients who had a low PPI value (<  1.5 or 0.5) [14] 
during surgery for more than 10% of the sections were defined as 
having a low mean PPI. 

Variables and statistical analysis 

The primary outcome variable was postoperative AKI, and the 
primary exposure variable was intraoperative PPI. Chi-squared 
tests were conducted on categorical variables. To obtain odds ra-
tios (ORs), a chi-square test was performed by dividing American 
Society of Anesthesiologists (ASA) physical status into two cate-
gories: lower physical status (I, II) and higher physical status (III, 
IV, V); the fluid infusion rate was divided into two categories: 
“liberal or restrictive infusion rate” and “non-liberal and non-re-
strictive infusion rate.”  

AKI occurrence was determined according to the Kidney Dis-
ease Improving Global Outcomes (KDIGO) definitions [17]. To 
identify predictive factors for postoperative AKI, patients were 
classified into two groups based on whether postoperative AKI 
occurred. The risk factors for postoperative AKI were examined 
by univariate and multivariate logistic regression analyses that in-
cluded the following variables: old age ( >  65 years); sex (male); 
higher ASA status (III, IV, V) [14]; obesity (body mass index >  25 
kg/m2) [9,10]; medical history of HTN, DM, heart disease, liver 
disease, neurovascular disease, or renal disease; moderate or se-
vere anemia (hemoglobin <  11 g/dl) [18]; low serum albumin (<  
3.5 g/dl); anesthetic type (total intravenous anesthesia); duration 
of surgery (>  3 h); transfusion (positive); liberal (>  12 ml/kg/h) 
or restrictive ( <  4 ml/kg/h) fluid administration [19,20]; emer-
gent operation; low PPI; and hypotension [21]. Multivariate logis-
tic regression was used to calculate ORs and 95% CIs after simul-
taneously controlling for potential confounders. To ascertain the 
multicollinearity of the last remaining variables, we checked vari-
ance inflation factors and confirmed that none were greater than 
five. Furthermore, Pearson’s correlation analysis was conducted to 
find correlation between PPI and MBP. In case the low PPI is as-
sociated with the occurrence of AKI, we decided to conduct re-
ceiver operating characteristic curve analysis to find the cut-off 
value. 

All data are expressed as mean ±  standard deviation (SD) or 
median (Q1, Q3) unless otherwise specified; normality was tested 
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using the Shapiro–Wilk test. Continuous variables of the study 
population were evaluated using the independent t test or the 
Mann–Whitney U test. All statistical analyses were performed us-
ing SPSS® (SPSS® 26.0; IBM Inc., USA) software, and a two-sided 
P value <  0.05 was considered statistically significant. 

Results 

Patient data 

A total of 1,586 patients who underwent general surgery were 
analyzed, 123 (7.8%) of whom developed postoperative AKI (Fig. 
1). Departmental data is shown in Supplementary Table 1. Among 
them, 101 (6.4%) developed Grade 1 AKI, 17 (1.1%) developed 
Grade 2 AKI, and five (0.3%) developed Grade 3 AKI. Demo-
graphic and baseline variables are shown in Table 1. AKI was 
more common in men (P <  0.001). Patients in the AKI group 
were taller (P <  0.001) and heavier than those in the non-AKI 
group (P <  0.001). Furthermore, more patients in the AKI group 
had underlying renal disease (P <  0.001) and higher ASA status 
(P <  0.001). In terms of preoperative blood test results, the AKI 
group had significantly lower albumin and hemoglobin levels, 
and higher creatinine and blood urea nitrogen levels (P <  0.001 
for all variables). 

Operative and postoperative data 

Total duration of surgery was longer in the AKI group (mean 
difference: 81, 95% CI [59, 104], P <  0.001), and there were more 
emergent operations in the AKI group as well (OR: 2.97, 95% CI, 
[1.58, 5.6], P <  0.001). There was no difference in MBP during 
operations between the two groups, but heart rates were faster in 
the AKI group. Mean PPI during operations were lower in the 
AKI group. The total amount of infused fluid and blood was high-
er in the AKI group, and liberal or restrictive infusion was more 
common in the AKI group (X2 [2, n =  1586] =  20.04, P <  0.001). 
The postoperative outcomes are shown in Table 2. Planned or un-
planned intensive care unit (ICU) admission was more common 
in the AKI group. The continuous renal replacement therapy was 
newly initiated in five patients within seven days postoperatively. 
Among them, two patients in the non-AKI group received hemo-
dialysis due to severe metabolic acidosis, and others in the AKI 
group received hemodialysis due to decreased renal function. The 
length of hospital stay was longer in the AKI group. The all-cause 
in-hospital mortality was higher in the AKI group (OR: 10.98; 
95% CI [3.91, 30.8], P <  0.001).  

Risk factors of postoperative AKI  

The results of the univariate and multivariate logistic regression 
analyses are shown in Table 3. We found that the risk of postoper-
ative AKI increased if intraoperative mean PPI was less than 0.5 

Fig. 1. Flow diagram describing the retrospective study design.

2,554 Patient identified
who underwent general surgery & had 

postoperative lab test

Non-AKI
1,463 (92.2%)

AKI
123 (7.8%)

126 Excluded for the following:
45 Underwent surgery twice or more
78 Had inadequate anesthetic record

842 Excluded for the following:
  56 Had no vitalDB data
101 Had broken vitalDB data
685 Had no PPI data

1,586 Patient included:
who underwent general surgery & had 

postoperative lab test
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Table 1. Baseline Characteristics, Comorbidities, Preoperative Laboratory Variables, and Operative Information

Variable Total (n =  1,586) Non-AKI group 
(n =  1,463)

AKI group 
(n =  123) Effect size* (95% CI) P value

Patient’s characteristics
 Age (yr) 61.1 ±  14.0 60.9 ±  14.1 63.2 ±  12.8 2.00 (0.00, 4.00) 0.094
 Sex (M/F) 953 (60)/633 (40) 851 (58)/612 (42) 102 (83)/21 (17) 0.29 (0.18, 0.46) <  0.001
 Height (cm) 163.48 ±  8.97 163.0 (156.0, 170.0) 167.0 (162.0, 173.0) 3.80 (2.20, 5.4) <  0.001
 Weight (kg) 65.05 ±  13.02 63.6 (55.8, 71.9) 69.0 (60.5, 76.3) 4.95 (2.70, 7.2) <  0.001
 BMI 24.23 ±  3.83 23.9 (21.7, 26.2) 24.6 (22.1, 26.9) 0.69 (0.03, 1.33) 0.041
Comorbidities
 ASA (I/II/III/IV/V) 114/1124/321/27/0 110/1054/253/25/0 4/59/58/2/0 3.89 (2.67, 5.7) <  0.001
 HTN 197 (12) 175 (12) 22 (18) 1.60 (0.98, 2.61) 0.056
 DM 138 (9) 130 (9) 8 (7) 0.71 (0.34, 1.49) 0.368
 Heart disease† 65 (4) 59 (4) 6 (5) 1.22 (0.52, 2.89) 0.650
 Liver disease 106 (7) 96 (7) 10 (8) 1.26 (0.64, 2.48) 0.504
 Neurovascular disease 35 (2) 31 (2) 4 (3) 1.55 (0.54, 4.47) 0.412
 Renal disease‡ 120 (8) 84 (6) 36 (29) 6.79 (4.35, 10.6) <  0.001
Preoperative lab test
 Hemoglobin 12.60 ±  2.05 12.9 (11.4, 14.1) 11.6 (10.4, 13.5) 0.80 (0.40, 1.30) <  0.001
 Albumin 4.15 ±  0.51 4.2 (3.9, 4.5) 4.0 (3.7, 4.3) 0.20 (0.10, 0.30) <  0.001
 GOT 33.52 ±  173.06 21.0 (17.0, 27.0) 23.0 (17.0, 31.5) 1.00 (0.00, 3.00) 0.087
 GPT 28.55 ±  89.50 18.0 (13.0, 27.0) 20.0 (14.0, 31.0) 2.00 (0.00, 4.00) 0.025
 BUN 19.33 ±  13.13 16.0 (13.0, 20.0) 20.0 (15.0, 34.0) 5.00 (3.00, 7.0) <  0.001
 Creatinine 1.37 ±  2.18 0.81 (0.71, 0.97) 0.97 (0.82, 2.53) 0.19 (0.13, 0.26) <  0.001
Operative variables
 Operation time, min 245.57 ±  120.40 226.0 (153.0, 302.0) 305.0 (226.0, 415.5) 81 (59, 104) <  0.001
 Emergency operation 69 (4) 56 (4) 13 (11) 2.97 (1.58, 5.6) <  0.001
 Volatile/TIVA 1536 (97)/50 (3) 1418 (97)/45 (3) 118 (96)/5 (4) 1.34 (0.52, 3.43) 0.547
 MBP (mmHg) 84.25 ±  8.13 83.6 (78.9, 88.8) 82.0 (77.7, 87.8) 1.10 (-0.33, 2.53) 0.131
 HR (beats/min) 71.36 ±  12.69 69.1 (62.1, 77.8) 72.5 (64.7, 82.0) 3.18 (0.87, 5.5) 0.007
 PPI 3.18 ±  1.65 3.0 (2.0, 4.2) 2.6 (1.6, 3.6) 0.41 (0.14, 0.69) 0.003
 Infused fluid
  Total amount of fluid (ml) 1574.97 ±  1577.45 1100.0 (650.0, 1760.0) 2100.0 (1225.0, 3575.0) 900 (650, 1150) <  0.001
  Averaged rate (ml/kg/h) 5.61 ±  3.41 4.7 (3.4, 6.6) 6.4 (4.3, 8.9) 1.39 (0.84, 1.94) <  0.001
 Fluid infusion rate 1.86 (1.21, 2.86) 0.005
  <  4 (restrictive) 953 (60) 873 (60) 80 (65)
  4–12 562 (35) 533 (36) 29 (24)
  >  12 (liberal) 71 (5) 57 (4) 14 (11)
 Transfused blood (ml) 149.00 ±  849.01 0.0 (0.0, 0.0) 0.0 (0.0, 400.0) 0.00 (0.00, 0.00) <  0.001

Values are presented as mean ± SD, number (%), or median (Q1, Q3). AKI: acute kidney injury, BMI: body mass index, ASA: American Society of 
Anesthesiology physical status classification system, HTN: hypertension, DM: diabetes mellitus, GOT: glutamic oxaloacetic transaminase, GPT: 
glutamic pyruvic transaminase, BUN: blood urea nitrogen, TIVA: total intravenous anesthesia, MBP: mean blood pressure, HR: heart rate, PPI: 
peripheral perfusion index. *Effect measures are odds ratio in categorical data and mean difference in continuous data. †Heart disease include 
ischemic heart disease, valvular heart disease, and congestive heart failure. ‡Renal disease include grade 3 or higher chronic kidney disease with or 
without renal replacement therapy.

for more than 10% of the sections (OR: 2.00, 95% CI [1.16, 3.44], 
P =  0.012). Hypotension was not a risk factor for AKI occurrence. 
Pearson’s correlation analysis found no correlation between mean 
PPI and MBP (r =  0.029, P =  0.251). Other risk factors were 
male sex (OR: 3.17, 95% CI [1.90, 0.29], P <  0.001), older age 

(OR: 1.65, 95% CI [1.08, 2.51], P =  0.020), higher ASA status 
(OR: 1.72, 95% CI [1.10, 2.49], P =  0.018), obesity (OR: 1.66, 95% 
CI [1.11, 2.49], P =  0.014), underlying renal disease (OR: 5.82, 
95% CI [3.37, 10.05, P <  0.001), prolonged operation time (OR: 
2.21, 95% CI [1.28, 3.83], P =  0.004), transfusions (OR: 3.64, 95% 
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Table 2. Outcome Variables

Variable Total (n =  1,586) Non-AKI group 
(n =  1,463)

AKI group
(n =  123) Effect size* (95% CI) P value

ICU admission 225 (14) 182 (12) 43 (35) 3.78 (2.53, 5.7) <  0.001
Postoperative RRT 5 (0.3) 2 (0.1) 3 (2) 18.26 (3.02, 110.36) 0.002
Hospital length of stay (days) 13.03 ±  1.65 12.43 ±  10.95 20.13 ±  18.19 4.00 (3.00, 5.0) <  0.001
In-hospital death 15 (1) 8 (0.6) 7 (6) 10.98 (3.91, 30.8) <  0.001
Values are presented as number (%), median (Q1, Q3) or mean ± SD. AKI: acute kidney injury, ICU: intensive care unit, RRT: renal replacement 
therapy. *Effect measures are odds ratio in categorical data and mean difference in continuous data.

Table 3. Univariate and Multivariate Analysis between Potential Risk Factors including PPI < 0.5 with Postoperative AKI

Variable
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value
Sex M 2.00 (0.00, 4.00) 0.094 3.17 (1.90, 5.29) <  0.001
Age (yr)  >  65 1.26 (0.87, 1.83) 0.217 1.65 (1.08, 2.51) 0.020
ASA  PS >  2 3.89 (2.67, 5.66) <  0.001 1.72 (1.10, 2.49) 0.018
Obesity BMI >  25 1.45 (0.99, 2.12) 0.013 1.66 (1.11, 2.49) 0.014
HTN Positive 1.60 (0.98, 2.61) 0.056
DM Positive 0.71 (0.34, 1.49) 0.368
Heart disease* Positive 1.22 (0.52, 2.89) 0.650
Liver disease Positive 1.26 (0.64, 2.48) 0.504
Neurovascular disease Positive 1.55 (0.54, 4.47) 0.412
Renal disease† Positive 6.79 (4.35, 10.62) <  0.001 5.82 (3.37, 10.05) <  0.001
Anemia Hb <  11 1.96 (1.32, 2.90) 0.001
Hypoalbuminemia <  3.5 2.31 (1.41, 3.80) 0.001
Anesthetic type TIVA 1.34 (0.52, 3.43) 0.547
Duration of surgery >  3 h 2.77 (1.70, 4.53) <  0.001 2.21 (1.28, 3.83) 0.004
Transfusion Positive 4.78 (3.18, 7.18) <  0.001 3.64 (2.27, 5.83) <  0.001
Fluid infusion rate (ml/kg/h) Restrictive (<  4) 1.68 (1.09, 2.61) 0.020

Liberal (>  12) 4.51 (2.26, 9.04) <  0.001
Emergency Positive 4.00 (3.00, 5.00) <  0.001 2.35 (1.12, 4.93) 0.024
PPI <  0.5 >  10% 2.64 (1.64, 4.24) <  0.001 2.00 (1.16, 3.44) 0.012
Hypotension (MBP <  65) >  10% 2.51 (1.50, 4.22) <  0.001
PPI: peripheral perfusion index, AKI: acute kidney injury, OR: odds ratio, ASA PS: American Society of Anesthesiology physical status 
classification, BMI: body mass index, HTN: hypertension, DM: diabetes mellitus, TIVA: total intravenous anesthesia, MBP: mean blood pressure. 
*Heart diseases include ischemic heart disease, valvular heart disease, and congestive heart failure. †Renal disease includes grade 3 or higher 
chronic kidney disease with or without renal replacement therapy.

CI [2.27, 5.83], P <  0.001), and emergent operations (OR: 2.35, 
95% CI [1.12, 4.93], P =  0.024). The risk factors for higher grade 
AKI (Grades 2 and 3) shown in Table 4 included higher ASA (OR: 
3.24, 95% CI [1.35, 7.79], P =  0.009), previous history of HTN 
(OR: 2.76, 95% CI [1.03, 7.39], P =  0.001), transfusion (OR: 2.90, 
95% CI [1.15, 7.36], P =  0.024), and PPI <  0.5 (OR: 5.11, 95% CI 
[2.03, 12.83], P <  0.001). Moreover, when the total duration of 
surgery was divided by 20% intervals to determine the proportion 
where PPI <  0.5, the OR was found to be 8.63 at 20%–40% com-
pared with 0%–20% (95% CI [2.17, 34.26], P =  0.002), and OR 

was 10.24 for 40%–60% (95% CI [2.68, 39.16], P =  0.001). When 
another logistic regression analysis was conducted with PPI <  1.5 
instead of 0.5, the results were not statistically significant (Supple-
mentary Table 2). 

PPI cut-off evaluation 

The receiver operating characteristic curve analysis of the asso-
ciation between intraoperative mean PPI and AKI occurrence 
yielded an area under the receiver operating characteristic curve 
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of 0.581. The optimal cut-off value of intraoperative mean PPI 
when maximizing sensitivity and specificity using Youden’s index 
was 3.13, with a sensitivity of 68.29% and specificity of 46.14% (P 
=  0.002). The proportion of patients with a mean PPI <  3.13 was 
higher in the AKI group (68.3% vs. 53.9%; OR: 1.85, 95% CI [1.24, 
2.72], P =  0.002). However, this factor was not included as a pre-
dictor of postoperative AKI based on the results of multivariate 
logistic regression analysis. 

Discussion 

This study revealed that low intraoperative PPI was associated 
with postoperative AKI. The PPI value is known to reflect two 
main determinants: the cardiac output and the balance between 
the sympathetic and parasympathetic nervous systems [22,23]. Its 
usefulness as a vital sign for risk stratification or for determining 
early intervention has been studied in various scenarios such as 
emergency departments, ICUs, and operating rooms. PPI can be 
used to evaluate disease severity or fluid responsiveness in criti-
cally ill patients, and can also be used to predict hypotension or 

poor outcomes [24–27]. Moreover, fluid responsiveness can be 
evaluated in patients undergoing surgery as PPI reflects cardiac 
output [23,28]. From the perspective of oxygen delivery and tissue 
perfusion, it is important to maintain adequate cardiac output 
rather than the more commonly monitored blood pressure, be-
cause blood pressure is affected not only by cardiac output, but 
also by systemic vascular resistance [29]. Similarly, in critically ill 
patients with a low flow state, organ dysfunctions such as AKI are 
likely to occur due to a decrease in tissue perfusion even if blood 
pressure is maintained at normal with increased vascular resis-
tance [30,31]. While hypotension was a risk factor for postopera-
tive AKI in some previous studies [14,32], hypotension did not 
significantly increase AKI occurrence in our study. It may be be-
cause the cut-off value for hypotension is not a fixed MBP level 
but a value that differs for each patient. Another reason could be 
because blood pressure is not a good indicator of cardiac output 
that is more critical for organ perfusion. Since PPI could reflect 
cardiac output [23,28], monitoring of PPI during surgery could 
provide additional information on tissue perfusion and oxygen-
ation. As cardiac output was not measured for the patients in our 

Table 4. Univariate and Multivariate Analysis between Potential Risk Factors including PPI < 0.5 with High Grade AKI

Variable
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value
Sex M 3.03 (1.02, 8.99) 0.046
Age (yr)  >  65 1.40 (0.60, 3.24) 0.438
ASA PS >  2 4.39 (1.88, 10.24) <  0.001 3.24 (1.35, 7.79) 0.009
Obesity BMI >  25 1.17 (0.50, 2.76) 0.717
HTN Positive 2.70 (1.04, 6.97) 0.041 2.76 (1.03, 7.39) 0.001
DM Positive 1.05 (0.24, 4.54) 0.948
Heart disease* Positive 3.83 (1.10, 13.27) 0.035
Liver disease Positive 0.66 (0.09, 4.97) 0.689
Neurovascular disease Positive 0.96 (0.06, 16.10) 0.976
Renal disease† Positive 1.23 (0.28, 5.31) 0.786
Anemia Hb <  11 2.59 (1.10, 6.11) 0.030
Hypoalbuminemia <  3.5 4.71 (1.89, 11.74) <  0.001
Anesthetic type TIVA 1.47 (0.19, 11.17) 0.708
Duration of surgery >  3 h 1.73 (0.63, 4.71) 0.285
Transfusion Positive 5.26 (2.22, 12.47) <  0.001 2.90 (1.15, 7.36) 0.020
Fluid infusion rate (ml/kg/h) <  4 0.60 (0.22, 1.69) 0.337

>  12 2.67 (0.75, 9.51) 0.129
Emergency Positive 2.23 (0.51, 9.76) 0.285
PPI <  0.5 >  10% 6.78 (2.85, 16.12) <  0.001 5.11 (2.03, 12.83) <  0.001
Hypotension (MBP <  65) >  10% 1.17 (0.27, 5.07) 0.832
PPI: peripheral perfusion index, AKI: acute kidney injury, OR: odds ratio, ASA PS: American Society of Anesthesiology physical status 
classification, BMI: body mass index, HTN: hypertension, DM: diabetes mellitus, TIVA: total intravenous anesthesia, MBP: mean blood pressure. 
*Heart disease include ischemic heart disease, valvular heart disease, and congestive heart failure. †Renal disease include grade 3 or higher chronic 
kidney disease with or without renal replacement therapy.
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study, we were unable to evaluate the correlation between cardiac 
output and PPI. However, low PPI may reflect a decrease in cardi-
ac output that may increase AKI occurrence by altering kidney 
perfusion; furthermore, it may cause poor outcomes by altering 
perfusion of other major organs; further research on this will be 
needed for a better understanding of this mechanism [31]. 

Other risk factors showed similar results to those reported in 
previous studies [7,9,12]. In terms of ORs, pre-existing renal dis-
ease had the highest OR at 5.82, followed by intraoperative trans-
fusion at 3.64, followed in turn by male sex, emergent operation, 
prolonged duration of surgery, higher ASA physical status, obesi-
ty, and older age. Unfortunately, anesthesiologists are unable to 
modify most of these factors. Additionally, the effects of sex on 
AKI occurrence are controversial. A study on patients who un-
derwent cardiac surgery suggested that male sex had a protective 
effect [12], but another study on patients who underwent general 
surgery showed the opposite result [1]. In this study, we found 
that men were 3.17 times more likely to develop AKI. This is con-
sistent with the results of the previous studies that showed a high-
er likelihood of AKI development in male hospitalized patients 
during follow-up [33,34]. The reasons behind this should be in-
vestigated in the future. 

Patients who developed AKI had a higher likelihood of ICU 
admission, new initiation of renal replacement therapy, longer 
hospital stays, and higher all-cause mortality. Considering that the 
incidence of in-hospital mortality or postoperative complications 
was not high in our study, additional studies with larger number 
of patients are needed to determine whether low intraoperative 
PPI or AKI itself are causes or predictors of these outcomes. 

The present study had several limitations. First, our study was 
based on a review of recorded data, and the SUPREME system 
was unable to filter erroneous data or incorrectly entered infor-
mation. In the case of vital signs collected automatically during 
surgery, errors may occur due to mechanical or electrical stimula-
tion. To reduce such errors, the SUPREME system information 
was reconfirmed individually through electronic medical records 
if the input information was judged to be an outlier. Through this 
process, it was possible to identify cases where patient height and 
weight were entered in the reverse order, and where laboratory re-
sults from body fluid and not blood were entered incorrectly. Ad-
ditionally, we checked whether blood pressure and plethysmogra-
phy waveforms collected in vitalDB had a normal shape to ensure 
that there were no errors in vital sign data. 

Second, the participants of this study were limited to patients 
who underwent general surgery to reduce the number of con-
founding variables such as intraoperative cardiopulmonary by-
pass, one-lung ventilation, or different targets of surgery. Addi-

tionally, a postoperative laboratory test was routinely performed 
by the surgeon that may have biased patient selection. Further 
studies are required to confirm these results in other patients. 

Lastly, although it is known that PPI is associated with poor 
prognosis, it is not known how PPI can be improved since many 
of the risk factors for AKI identified so far, including the results of 
this study, cannot be modified. If a method to improve upon these 
risk factors can be found and applied to patients with intraopera-
tive and preoperative PPI, this can help reduce postoperative AKI, 
and in turn morbidity and mortality. 

In conclusion, we found that low PPI is a risk factor for postop-
erative AKI. Future studies based on this finding may be able to 
construct a more comprehensive model for AKI prediction, or aid 
patient prognosis through improvement of PPI. 
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