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Nomogram as a Predictor for Postoperative Acute 
Kidney Injury in Super-Elderly Patients Undergoing 
Noncardiac Surgery

ABSTRACT
Objective: There has been increase the incidence of postoperative acute kidney injury (AKI), especially among 
super-elderly patients. The study aimed to identify risk factors and develop a nomogram among super-elderly 
patients undergoing noncardiac surgery. 
Material and Methods: A single-center retrospective cohort study of patients aged greater than or equal to 80 
years that underwent non-cardiac surgery between January 2018 to December 2020. Acute kidney injury (AKI) was 
identified by Kidney Disease Improving Global Outcome (KDIGO) during seven days after surgery. Multivariate 
logistic regression was constructed from preoperative and intraoperative data with variables with P-value<0.2 
included in the final model. The performance of model function was conducted by area under the receiver curve 
(AUC) and calibration curves. 
Results: Eight hundred and twenty patients were included; 124 (15%) developed postoperative AKI. A multivariate 
logistic regression model consisting of COPD, ASA classification, part of surgery, propofol and Succinylated gelatin 
was displayed as the nomogram. The model showed good discrimination with an AUC 0.746. The cutoff point of 
63, which had the highest Youden index, was chosen with sensitivity and specificity of 83% and 45%, respectively. 
The nomogram showed good performance by the Hosmer-Lameshow goodness-of-fit test (X2= 6.0697 and P value 
= 0.6394).
Conclusion: The nomogram predicted model for predicting postoperative AKI among super-elderly patients 
showed moderate discrimination ability and was instituted. It can help physicians to detect high-risk patients early 
and promptly prevent episodes of AKI.
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INTRODUCTION
	 Mortality due to surgery and anesthesia has been 
reduced from >25% to 19% among elderly aged >80 years.1 
This substantially increased surgery and anesthesia among 
them. AKI, a preventable condition, has been one of the 
leading cause of post-operative morbidity and mortality 
rates, especially among super-elderly patients. The incidence 
of acute kidney injury is highest in elderly about 16.98%2 

and increase is age-dependent.3 Therefore, Postoperative 
acute kidney injury was associated with 30-day unplanned 
readmission, postoperative renal failure, dialysis, risk 
of infection and prolonged mechanical ventilation.4–6 
Postoperative AKI is likely related to multifactorial factors 
including preoperative factor which is intractable, and 
intraoperative and postoperative factors which can be 
improved and are preventable. 				  
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	 Previous literature has reported that  baseline decrease 
in eGFR, renal artery involvement, radiocontrast media, 
intraoperative hypotension, operative time, surgical 
technique, intraoperative crystalloid use, low preoperative 
Hemoglobin (Hb), intraoperative blood loss, peripheral 
arterial disease, perioperative transfusion, amount of blood 
loss, preoperative hypoalbuminemia, general anesthesia 
and preoperative use of angiotensin-converting enzyme 
inhibitor(ACEI), angiotensin II receptor blockers (ARB) 
and diuretics are associated with acute kidney injury . 
The most important factors in early detection of high 
risk patients include enhanced invasive monitoring, 
maintain fluid balance and avoid nephrotoxic agent.8-10 

	 However, there are many predictive tools such 
as preoperative GFR, preoperative proteinuria and 
preoperative creatinine, but none of these tools are best 
validated for prediction of AKI the incidence,  risk factor 
of postsurgical AKI. Studies documenting predictive score 
use in postoperative acute kidney injury among elderly 
people are rare. Therefore, this study aims to develop a 
predicting tool for postoperative acute kidney injury in 
super-elderly patients. 

MATERIALS AND METHODS
Ethical approval and reporting guidelines
	 The study was approved by the institutional review 
board (IRB) of Prince of Songkla University Hospital (IRB 
number: 63-408-8-1). The inform consent was waived due 
to the study being observational study without medical 

intervention. The study comply with the transparent 
reporting of a prediction model for TRIPOD statement.13

Study hospital and study designs
	 This retrospective cohort study was conducted in a 
tertiary medical center in Thailand from 1 January 2018 
to 31 December 2020. A total 820 records of all patients 
aged ​≥80 years who underwent non-cardiac surgery and 
received either general anesthesia or spinal anesthesia 
were included.
	 Exclusion criteria were patients who had preoperative 
end-stage renal disease requiring renal replacement 
therapy, diagnosed acute kidney injury since the time 
of admission to a day prior to the surgery, amputee12, 
bed-ridden, patients without baseline serum creatinine or 
follow-up serum creatinine levels to identify postoperative 
AKI and no urine output recorded. Eligible patients’ data 
were retrieved from anesthetic records in the hospital 
information system (HIS) (Fig 1). An anesthesiologist 
reviewed patients’ profiles and clinical data including ASA 
classification, vital signs, and urine outputs. Laboratory 
results, details of surgery and anesthesia, and clinical 
and hospital-related outcomes were also recorded.  

Outcome and definition of acute kidney injury (AKI)
	 Postoperative AKI was assessed within 7 days after 
surgery. According to Kidney Disease-Improving Global 
Outcomes (KDIGO) 2012 guideline14,  AKI was defined 
as either one of the following 3 conditions a) serum 

Fig 1. Study flow chart. 
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creatinine increased by more than 1.5-1.9 times of the 
baseline level, b)  increase in serum creatinine level more 
than 0.3 mg/dL within 48 hours and c) urine output less 
than 0.5 mL/kg/h for 6 hours continuously. 
	 The primary outcome was the 7-days AKI rate, 
according to KDIGO. Secondary outcomes were post-
operative 30-day mortality rate, period of hospital stay, 
period of ICU stay and requirement of renal replacement 
therapy.  

Sample size determination 
	 Estimated sample size estimated base on ability to 
detect association with exposure and outcome at odds 
ratio at least 1.5 with 80% power was 820. The statistical 
significance was set at P value ≤ 0.05.  

Statistical  analysis
              Statistical analysis was performed using R program 
version 4.0.2.15 Categorical variables were presented 
as percentage and proportion such as gender, Body 
mass index (BMI), ASA classification, type of surgery, 
choice of anesthesia, part of surgery, and anesthetic 
drug use. The categorical parameters were compared 
between AKI group and non-AKI group by Student 
t-test or Wilcoxon Rank Sum test. In case of small size 
population, Chi-squared test or Fisher’ exact test were 
used to compare the two groups. Continuous variables 
were presented as mean ± standard deviation (SD) and 
median ± interquartile range was used to describe normal 
and non-normal distribution, respectively. Categorical 
variables were analyzed using Chi-square test or Fisher’ 
Exact test as appropriate. 

Predictors of postoperative acute kidney injury
	 Predictive factors included preoperative and 
perioperative data. Pre-operative factors included 
patient’s profile, clinical condition, current medication, 
and laboratory variables including Hemoglobin and 
creatinine. Preoperative serum creatinine level was 
analyzed within 24-48 hours prior to surgery. Baseline 
creatinine clearance was computed by the standard 
Cockcroft Gault formula using age, lean body weight 
(kg), serum creatinine (mg/dL) and sex. Perioperative 
factors included anesthetic drugs, fluid resuscitation, 
use of vasopressors, estimated blood loss, duration of 
surgery, duration of hypotension and intraoperative urine 
output and intraoperative hemodynamic. (Supplement 1) 
	  
Model development 
	 Variables included in multivariate analysis were 
chosen from univariate analysis results that had p-value  

< 0.2 (Tables 1 and 2). Multi-collinearity was tested by 
using variance inflation factor (VIF) > 5 criteria. Stepwise 
logistic regression method was used to get the final model 
(Table 3). The Hosmer-Lameshow goodness-of-fit test 
also displayed a good performance (X2= 6.0697 and 
P value = 0.6394). The variable with p-value< 0.05 in 
multivariate logistic regression model was considered 
statistically significant. 

Score derivation and validation 
	 The prediction score variable was selected from 
multivariate analysis and weight adjustment was conducted 
by nomogram. For the final model, each predictor score 
was summarized in total postoperative acute kidney 
injury score. Youden’s index was used to reveal maximize 
specificity and sensitivity cutoff values of prediction 
score.

RESULTS 
	 A total 3840 patients who underwent non cardiac 
surgery were assessed for eligibility from 1 January 2018 
to 31 December 2020. Eight hundred and twenty eligible 
patients were retrieved in this study. The incidence of 
postoperative acute kidney injury among super-elderly 
was 15%. 
	 Table 1 shows clinical characteristics at preoperative 
period between patients with AKI (acute kidney injury) 
and non AKI with no statistically significant differences 
in demographic data such as age, sex, BMI, comorbidities 
and preoperative blood pressure among groups. The 
mean age of the super elderly was 87 years old and the 
average BMI was 21 kg/m2. Generally, half of the AKI 
group underwent emergency surgery and had a higher 
proportion of ASA classification IV and V than non 
AKI group. No differences in part of surgery, choice of 
anesthesia and current medication were found between 
the two groups. Creatinine clearance among AKI group 
was significant lower than that in the non-AKI group. 
	 Table 2 illustrates clinical characteristics in 
intraoperative period between AKI group and non-
AKI group. According to induction agent, midazolam 
use was significantly higher among AKI group, while, 
Propofol use tended to lower incidence of AKI compared 
to others. Opioid drugs, muscle relaxant drugs and 
inhalation agents displayed no significant differences 
in the postoperative AKI. However, AKI group more 
frequently used vasopressors than non-AKI group. The 
incidence of postoperative acute kidney injury was higher 
among patients with duration of hypotension more than 
15 minutes. The AKI group tended to use Succinylated 
gelatin for resuscitation more than non AKI group. 

Tantisarasart et al.



Volume 74, No.2: 2022 Siriraj Medical Journalhttps://he02.tci-thaijo.org/index.php/sirirajmedj/index 117

Original Article SMJ

Supplement 1. Univariate analysis of risk factors for acute kidney injury.  

	          Variable	 OR	 95%CI	 P-value

Age*	 1.04	 (1,1.09)	 0.05

Male*	 1.24	 (0.84,1.82)	 0.28

Comorbidities	

	 HT	 1.37	 (0.9,2.07)	 0.13

  	 DM	 1.36	 (0.85,2.18)	 0.19

  	 COPD	 1.84	 (0.93,3.73)	 0.09

  	 PVD	 1.12	 (0.13,9.7)	 0.09

  	 CHF	 1.88	 (0.19,18.2)	 0.58

Type (ref=elective)

	 Emergency	 1.92	 (1.3,2.82)	 <0.05

Part (ref=Neuro)			 

	 Abdomen	 1.9	 (0.92,3.95)	 0.08

	 Orthopedic	 2.13	 (1,4.55)	 0.05

	 Urology	 3.93	 (1.48,10.39)	 <0.05

	 Vascular	 1.91	 (0.89,4.11)	 0.09

	 Others	 1.77	 (0.6,5.2)	 0.30

ASA (ref=II)			 

	 III	 2.19	 (1.23,3.9)	 <0.05

	 IV-V	 13.13	 (6.37,27.08)	 <0.05

	 CrCl	 0.99	 (0.97,1)	 0.04

	 Hb	 0.93	 (0.84,1.02)	 0.10

Current medication			 

	 ACEI	 0.76	 (0.38,1.52)	 0.43

	 ARB	 0.96	 (0.48,1.94)	 0.92

Choice (ref=spinal block)			 

	 General anesthesia	 1.02	 (0.54,1.89)	 0.96

Induction	 	 	

	 Propofol*	 0.38	 (0.25,0.56)	 <0.05

	 Etomidate*	 2.24	 (1.15,4.39)	 0.01

	 Ketamine*	 2.44	 (0.62,9.57)	 0.02

	 Midazolam*	 1.98	 (1.34,2.92)	 <0.05

Narcotic

	 Morphine*	 1.1	 (0.31,3.85)	 0.88

	 Fentanyl*	 4.96	 (0.67,36.83)	 0.11
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Supplement 1. Univariate analysis of risk factors for acute kidney injury. (Continue)

	          Variable	 OR	 95%CI	 P-value

Muscle relaxant	

	 Cisatracurium*	 1.35	 (0.67,2.7)	 0.39

	 Roccuronium*	 0.78	 (0.39,1.56)	 0.47

	 Succinylcholine*	 0.94	 (0.48,1.83)	 0.84 

Inhalation (ref=no)			   0.09

	 Sevoflurane	 0.84	 (0.5,1.4)	

  	 Desflurane	 0.55	 (0.3,1)	

	 Contrast media	 0.78	 (0.47,1.29)	 0.33

	 Hypotension	 1.52	 (0.97,2.39)	 0.06

	 Duration of hypotension     (>= 30mins)	 2.32	 (1.52,3.52)	 <0.05

Total urine output     (ref>=2)	 	 	

	 <= 0.5	 6.87	 (3.8,12.42)	 <0.05

  	 0.51-2	 1.81	 (1.05,3.12)	 0.03

	 Diuretic use	 1.24	 (0.65,2.4)	 0.51

Vasopressor use	 	 	

	 Norepinephrine*	 1.95	 (1.33,2.88)	 <0.05

	 Ephedrine*	 0.59	 (0.39,0.89)	 0.01

	 Epinephrine*	 4.57	 (1.67,12.5)	 <0.05

	 Dopamine*	 9.58	 (3.64,25.23)	 <0.05

Fluid	

	 NSS*	 1.74	 (1.11,2.71)	 0.01

	 Balanced salt solution*	 0.51	 (0.34,0.76)	 <0.05

  	 Succinylated gelatin use*	 2.55	 (1.66,3.93)	 <0.05

Blood transfusion	 1.65	 (1.12,2.42)	 0.01

  	 RBC*	 1.58	 (1.07,2.34)	 0.02

  	 FFP*	 2.04	 (1.25,3.34)	 <0.05

  	 PC*	 2.09	 (1.07,4.05)	 0.03

Abbreviations: COPD: chronic obstructive lung disease, CHF: chronic heart failure, Hb: hemoglobin, Crcl: creatinine clearance, ACEI: 
Angiotensin-converting enzyme inhibitors, ARB: Angiotensin receptor blockers, NSS: normal saline solution, PRC: packed red blood cell, 
FFP: fresh frozen plasma, PC: platelet count *Continuous variables
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TABLE 1. Clinical characteristics of preoperative period in super-elderly patients with and without Acute Kidney 
Injury (AKI) (N=820).  

Characteristics	 AKI group	 Non-AKI group	 P-value
	 	 (N=124)	 (N=696)
		  N (%)	 N (%)	

Age (years)  mean±SD	 87.5 ±4.5	 86.7±3.9	 0.05

Gender	 	 	 0.32
  Female	 53 (41.1)	 334 (48)	
  Male	 71 (57.3)	 362 (52)	
  BMI (kg/m2)*	 21.9 (18.9,24.9)	 21.7 (19.1,24.2)	 0.54

Comorbidities			 
  Diabetes	 27 (21.8)	 118 (17.0)	 0.24
  Hypertension	 87 (70.2)	 440 (63.5)	 0.16
  COPD	 11 (8.9)	 35 (5)	 0.13
  Congestive heart failure	 1 (0.8)	 3 (0.4)	 0.48

Type of surgery 			   <0.05
   Scheduled	 59 (47.6)	 442 (63.5)	
   Emergency	 65 (52.4)	 254 (36.5)	

ASA type 			   < 0.05
   II	 15 (12.1)	 197 (28.3)	
   III	 78 (62.9)	 468 (67.2)	
   IV	 28 (22.6)	 31 (4.5)	
   V	 3 (2.4)	 0 (0.0)	

Preoperative Hb (g/dL)*              	 10 (9,11.2)	 11 (9,12)	 0.04

Preoperative Cr (mg/dL)*	 1.1 (0.8,1.4)	 0.9 (0.8,1.2)	 <0.05

Preoperative CrCl (mL/min)*	 34.7 (26.8,44.9)	 38.8 (29.6,49.7)	 <0.05

Part of surgery			   0.14
  Abdomen	 40 (32.3)	 223 (32.0)	
  Orthopedic	 30 (24.2)	 149 (21.4)	
  Neurology	 10 (8.1)	 106 (15.2)	
  Urology	 10 (8.1)	 27 (3.9)	
  Vascular	 28 (22.6)	 155 (22.3)	
  Others	 6 (4.8)	 36 (5.2)	

Current medication			 
  ACEI 	 10 (8.1)	 72 (10.3)	 0.53
  ARB 	 10 (8.1)	 58 (8.3)	 1

Choice of anesthesia			   1
  General anesthesia 	 111 (89.5)	 622 (89.4)	
  Spinal block	 13 (10.5)	 74 (10.6)	

Preoperative blood pressure
  SBP (mmHg)*	 131 (115.8,146.2)	 130 (119,146.2)	 0.72
  DBP (mmHg)*	 69 (60,77)	 70 (62,79)	 0.18
  MAP (mmHg)*	 88.5 (81,98.2)	 90 (82,99)	 0.47

Abbreviations: BMI: body mass index, COPD: chronic obstructive lung disease, CHF: chronic heart failure, Hb: hemoglobin, Cr: creatinine, 
Crcl: creatinine clearance, ACEI: Angiotensin-converting enzyme inhibitors, ARB: Angiotensin receptor blockers, SBP: systolic blood 
pressure, DBP: diastolic blood pressure, MAP: mean arterial pressure *Continuous data were reported as median and IQR 1-3
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TABLE 2. Clinical characteristics of intraoperative period in super-elderly patients with and without Acute Kidney 
Injury (AKI) (N=820).

Characteristics	 AKI	 Non-AKI	 P-value
	 	 (N=124)	 (N=696)
		  N (%)	 N (%)	

Induction agent	 	 	
  Propofol	 73 (58.9)	 551 (79.2)	 <0.05
  Thiopental	 0 (0)	 12 (1.9)	 0.23
  Etomidate	 13 (11.5)	 35 (5.5)	 <0.05
  Ketamine	 3 (2.4)	 7 (1.0)	 0.18
  Midazolam	 57 (46)	 209 (30)	 <0.05

Narcotic			 
  Morphine	 120 (97.6)	 658 (97.8)	 0.74
  Fentanyl	 123 (100)	 669 (99.4)	 1

Muscle relaxant			 
  Succinylcholine	 11 (10.3)	 67 (10.9)	 0.98
  Cisatracurium	 97 (90.7)	 539 (87.8)	 0.49
  Rocuronium	 10 (9.3)	 72 (11.7)	 0.58

Inhalation			 
  Sevoflurane	 72 (58.1)	 371 (53.3)	 0.37
  Desflurane	 29 (23.4)	 226 (32.5)	 0.05
  No	 23 (18.5)	 99 (14.2)	 0.26

Vasopressor	 	 	
  Ephedrine	 38 (30.6)	 298 (42.8)	 0.01
  Epinephrine	 7 (5.6)	 9 (1.3)	 <0.05
  Norepinephrine	 71 (57.3)	 283 (40.7)	 <0.05

Duration of surgery (minutes) mean ± SD	 177.5 (135, 256.3)	 180 (135, 256.2)	 0.88

Intraoperative hypotension	 96 (77.4)	 482 (69.3)	 0.08

Duration of hypotension (minutes)*	 15 (5,82.5)	 10 (0,20)	 <0.05

Contrast media use	 21 (16.9)	 144 (20.7)	 0.39

Diuretic use	 12 (9.7)	 55 (7.9)	 0.63

Fluid intake (mL)*	 1150 (500 ,2000)	 1100 (700, 1675)	 0.63

Balanced salt solution (mL)*	 1000 (500, 1450)	 1000 (700, 1500)	 0.56

NSS (mL)*	 500 (100, 1212.5)	 500 (0, 1000)	 0.07

Succinylated gelatin*	 500 (450, 675)	 500 (300, 500)	 0.02

Blood transfusion			   0.01
  PRC	 54 (43.5)	 228 (32.8)	 0.02
  FFP	 26 (21)	 80 (11.5)	 <0.05
  PC	 13 (10.5)	 37 (5.3)	 0.04

Intraoperative blood loss (mL)*	 150 (50,412.5)	 100 (50,300)	 0.06

Intraoperative urine output  (mL/kg/hr)			   <0.05
  ≤0.5	 46 (37.1)	 80 (11.5)	
  0.51-2	 59 (47.6)	 389 (55.9)	
  >2	 19 (15.3)	 227 (32.6)

Abbreviations: NSS: normal saline solution, PRC: packed red blood cell, FFP: fresh frozen plasma, PC: platelet count *Continuous data 
were reported as median and IQR 1-3
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Nonetheless, Blood transfusion consists of red blood 
cells, fresh frozen plasma and platelet concentrate that 
were used in AKI group more than others. Intraoperative 
urine output less than 5 mL/kg occurred in 75% of AKI 
group, while an intraoperative output less than 5 mL/kg 
were found a higher risk in AKI group than non-AKI 
group (P-value<0.05). Other independent variables were 
not statistically different.
	 Table 3 presents multivariate logistic regression model 
adjusted for patient’s status and anesthetic drug. Independent 
variables significantly associated with postoperative AKI 
were COPD, ASA classification, part of surgery, Propofol 
and Succinylated gelatin. There was greater frequency of 
AKI with higher ASA classification with ASA III and ASA 
IV with V [OR 2.58 (1.41,4.73), OR 13.73 (5.94,31.76), 
P-value <0.05], respectively. Part of surgery differed 
significantly between AKI and non-AKI group (P-value 
<0.05). The risk of AKI was associated with abdominal 
surgery, orthopedic surgery and urology surgery [OR 
2.85 (1.27,6.38), OR 3.22(1.4,7.4), OR 8.31(2.86,24.12)], 
respectively, excluding patients that underwent vascular 
surgery. In contrast, Propofol conserved renal function 

[OR 1.95 (1.21,3.16), P-value<0.05]. There was a statistically 
significant risk for AKI with Succinylated gelatin use 
[(OR 1.94(1.2,3.14), P-value <0.05)].
	 The nomogram comprised of COPD, ASA classification, 
Part of surgery, Type of surgery, Propofol and Succinylated 
gelatin (Fig 2). The score ranged from 20 to 100. The 
nomogram has a good discriminative ability to identify 
patients with postoperative AKI with AUC 0.746. The 
calibrate curve shows that the apparent value is almost 
the same as bias-corrected value; mean squared error 
= 0.00043 (Fig 3). Cutoff point at 63 was chosen, which 
had the highest Youden index. The sensitivity, specificity, 
positive predictive value (PPV) and negative predictive 
value (NPV) of the prediction score was 83, 45, 33, and 
89%, respectively. 
	 The rate of renal replacement was higher in patients 
with postoperative AKI compared with patients without 
AKI (P-value<0.05). Period of ICU stay and hospital 
stay was significantly longer in AKI group than other 
groups (P-value<0.05). Furthermore, 30-day mortality 
was significantly greater in AKI group (P-value <0.05).

TABLE 3. Best predictive score revealed by multivariate logistic regression.

Risk factor	 Ref	 Crude OR (95%CI)	 Adj.OR (95%CI)	 P (LR-test)	 Risk Score

COPD	 No	 1.84 (0.91, 3..73)	 2.02 (0.93, 4.38)	 0.07	 24

Type 	 Scheduled				  

	 Emergency	 	 1.92 (1.3, 2.82)	 1.43(0.89, 2.31)	 0.14	 14

ASA

	 II				    <0.05	

  	 III	 	 2.19 (1.23, 3.9)	 2.58 (1.41, 4.73)	 	 37

	 IV-V	 	 13.13 (6.37,27.08)	 13.73 (5.94, 31.76)	 	 100

Part of surgery 	 Neuro			   <0.05	

Abdomen	 	 1.9 (0.92,3.95)	 2.85 (1.27,6.38)	 <0.05	 42

Orthopedic	 	 2.13 (1,4.55)	 3.22 (1.4,7.4)	 <0.05	 48

Urology	 	 3.93 (1.48,10.39)	 8.31 (2.86,24.12)	 <0.05	 90

Vascular	 	 1.91 (0.89,4.11)	 1.8 (0.78,4.12)	 0.16	 25

Others	 	 1.77 (0.6,5.2)	 2.35 (0.73,7.57)	 0.15	 35

Propofol	 Yes	 2.65 (1.78,3.97)	 1.63 (1,2.66)	 <0.05	 19

Succinylated gelatin	 no	 2.55 (1.66,3.93)	 1.94 (1.2,3.14)	 <0.05	 26
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Fig 2. The nomogram explicated by logistic regression. Each predictor variable is presented by a line in the figure. The prediction scores 
ranged from 0 to 100. The variables were gathered with point and paired with the probability of postoperative AKI. A drawing from was 
made from each variable to the “Points” axis to indicate the points of the variable. The scores for all variables were summed and placed on 
the “Total score” line. The predicted risk of postoperative AKI ranged from 5 to 80%.

Fig 3. The AKI nomogram and its performance. The Apparent value has a closer fit to Bias-corrected value, which means the nomogram 
had a good performance. Mean absolute error=0.014 Mean squared error=0.00036 Quantile of absolute error=0.03.
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DISCUSSION 
	 Nowadays, there is no effective equipment to identify 
the probability of postoperative AKI in surgical patients, 
particularly in super-elderly patients. AKI is a serious 
consequence after surgery. A prior study demonstrated 
that approximately 6.8% of patients undergoing abdominal 
surgery developed an episode of AKI.16 In the present 
study, almost 15% of AKI among super-elderly and 
24.2% with AKI died in 30 days. The incidence of acute 
kidney injury is highest in elderly and increases with 
age.3,17 There are many reasons for the comparatively high 
probability of AKI in super elderly patients, for instance, 
comorbidities that produce AKI, comorbidities that 
need intervention, medication or surgery that disarrange 
kidney function, and structure and function that alter 
with time.3,9 According to meta-analysis, elderly patients 
fail to recover from AKI and develop to chronic kidney 
disease.18

	 The risk of postoperative acute kidney injury is 
associated with patient factors as age, type of surgery, 
emergency surgery, part of surgery, ASA classification, 
preoperative hemoglobin (Hb), preoperative creatinine, 
preoperative creatinine clearance, and medical comorbidities 
such as chronic obstructive lung disease (COPD). It is 
not surprising that emergency surgery was found as a 
part of the AKI prediction score, as in this study. A US 
national study revealed that not only cardiac surgery, but 
also urology, thoracic, orthopedic and malignancy were 
associated with AKI.19 In patients following non-cardiac 
surgery, ASA classification III and IV were shown to 
comprise a higher proportion of AKI than those with 
ASA classification I and II.4

	 Other preoperative laboratory data, preoperative 
anemia7 high creatinine20, low creatinine clearance6 and 

low eGFR2 were shown to be similar with previous studies. 
In cardiac surgery, preoperative anemia increased AKI 
rate from 1.8% to 3.2%. Meanwhile, patients receiving 
blood transfusion had relative risk of AKI more than two 
times compared without transfusion.21,22 The mechanism 
of blood transfusion that could cause AKI is still unclear. 
Although, It was suggested that pathophysiology can 
aggravate tissue oxygen delivery and stimulate inflammatory 
process and oxidative stress.23-25 Previous study showed 
that higher baseline preoperative creatinine was significant 
risk factor for AKI.26 Apart from urine output, Mizota T 
et al. found perioperative urine output less than 0.3 mL/
kg/h increased probability of AKI.27 Even if perioperative 
urine output was defined differently, the result remains 
the same.
	 Neither the univariate analysis nor the nomogram 
of the study found a significant difference with diuretic 
use, which is a known AKI stimulator. It is probably due 
to the reason that we are not given in lower creatinine 
clearance patient. Nonetheless, The use of diuretic, 
particularly furosemide has been demonstrated  deleterious 
in prevention and treatment of AKI.28,29  
	 In this study, the use of norepinephrine and 
epinephrine was essential factor. Norepinephrine, is 
frequently used to restore MAP from 60 to 75 mmHg 
and increase renal oxygen delivery (RDO2), Glomerular 
filtration rate (GFR) and renal oxygenation.30 On the 
other hand, It has been shown that norepinephrine 
decreases renal blood flow (RBF) and renal oxygen 
delivery, which provoke renal ischemia.31 Epinephrine 
has the same efficacy as norepinephrine, but also causes 
hyperglycemia, hyperlactatemia and acidosis.31 Based 
on current evidence, norepinephrine should be used 
to restore blood pressure within autoregulatory values 

TABLE 4. Postoperative consequence in patients with and without Acute Kidney Injury (AKI).

Characteristics	 AKI	 Non-AKI	 P-value

	 	 (N=124)	 (N=696)	

Renal replacement n (%)	 15 (12.1)	 1 (0.1)	 <0.05

Period of ICU stay (days)*	 2.5 (0,12)	 0 (0,1)	 <0.05

Period of hospital (days)*	 14.5 (8.8,28)	 10 (7,18)	

Death 30 n (%)	 30 (24.2)	 11 (1.6)	 <0.05

*Continuous data were reported as median and IQR 1-3
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in hypotensive vasodilated patients with acute kidney 
injury.31 According to previous knowledge, propofol is 
down regulated by nitric oxidase synthase to preserve 
renal function32 and protect renal tissue via peroxidation 
of lipid membrane.33 Lee et al. reported that propofol 
reduced the new onset of chronic kidney disease after 
nephrectomy.34 Therefore, the anti-inflammatory effect 
of propofol might be significant in the use of TIVA 
technique, whereas propofol in this study was used as 
a sole induction agent.
	 Resuscitation fluid, such as Succinylated gelatin 
another factor which impacts postoperative acute kidney 
injury. Recent guidelines suggest avoiding the use of 
gelatin, as systemic colloids gather in proximal renal 
tubules and disturb renal function, increasing the risk 
of anaphylaxis, mortality, renal failure and bleeding.35	
	 AKI Predictor in surgical super-elderly patients 
consist of baseline characteristics and perioperative data. 
We have found a relationship AKI: COPD, type of surgery, 
ASA classification, part of surgery and Succinylated 
gelatin. Propofol was used as a defensive factor in this 
study. Prior study on AKI prediction score in a different 
setting, displayed a good discrimination which AUC 
range above 0.7. For instance, for the eGFRpreSurg as 
a predictive role among very elderly patients, AUC was 
at 0.703.2 This represented eGFRpreSurg at cut off point 
70mL/min/1.73 m2 as a risk factor of postoperative AKI.  
Another study by Hong et al. reported the relationship 
between HUGE formula and mortality in elderly patients 
from hip fracture surgery with highest AUC of 0.78 
(95%CI 0.667-0.892).26 However, both of the predictors 
were in super-elderly patient settings and the score 
obtained from only preoperative data. 
	 This nomogram score in the study is easily understood 
and handly to adopt in preoperative period. Accordingly, 
AKI is a preventable condition, nomogram may help 
physicians to early detect AKI and handle it in proper 
time. According to resource-limited countries such 
as Thailand, invasive monitoring in every case might 
be impossible. The most effective prevention is early 
detection in high risk, special monitoring, optimal fluid 
administration and nephrotoxic agent avoidance. From 
the research principle, it is expected that the nomogram 
will effectively assist in selection high risk AKI patients 
for prevention and aggressive intervention.

Strength and limitation
	 The incidence of AKI might be precise because AKI 
in this study was determined by both urine output and 
serum creatinine. The result may be in indubitable in 
the occurrence of AKI.

	 There are some limitations of this study. Firstly, 
although all super-elderly patients who underwent surgery 
in the study period were retrieved to reduce selection 
bias, patient bias was unavoidable due to retrospective 
study. Secondly, this study could not analyze the cause 
of AKI categorized into three groups: prerenal, renal and 
postrenal due to lack of information in our electronic 
hospital system. The rate of renal replacement therapy 
was compared between AKI and non-AKI patients; 
nonetheless there was a lack of information to identify 
the reason for renal replacement therapy. 
	 Finally, due to the lack of external validation of the 
scoring system since this is a single center study and 
there could have been sampling bias. Future studies 
performed on the scoring system using data of multiple 
centers can validate it.

CONCLUSION
	 This study found an increase incidence of postoperative 
AKI among super-elderly patients and relationship 
between AKI and morbidity and mortality. Despite, AKI 
prediction score not being a definitive tool for observation 
and monitoring, it can help physicians consider various 
clinical risk factors in evaluating the chance of AKI. 
This nomogram can help clinical physicians improve 
the prognosis among super-elderly patients undergoing 
surgery.
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