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ABSTRACT

Background. Postoperative acute kidney injury (PO-AKI) is a critical complication of adverse kidney outcomes, both
short and long-term. We aimed to expand our pre-existing PO-AKI prediction model to predict mid-to long-term adverse
kidney outcomes.

Methods. We included patients who underwent major non-cardiac surgeries from the original SPARK cohort, two
external validation cohorts, and a temporal validation cohort. Mid-to-long-term adverse kidney outcomes were defined
as end-stage kidney disease progression or death within 1 or 3 years after surgery. We verified and tuned the original
Simple Postoperative AKI RisK (SPARK) model to predict mid-to-long-term adverse kidney events.

Results. We included 33 636 patients in development, 71232 patients in external validation, and 33 944 patients in
temporal validation cohorts, respectively. One- and 3-year adverse kidney events occurred in 5.5% and 13.2% in the
development cohort, respectively. The original SPARK score demonstrated an acceptable discriminative power for 1-year
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and 3-year adverse outcome risks with C indices mostly >0.7. However, the power was relatively poor when restricted to
high-risk patients or those who actually developed PO-AKI. When we re-calculated the regression coefficients from a
Cox model, the discriminative performances were better, especially for those with high-risk characteristics (e.g. 1-year
outcome, C-index 0.72 in developmental and 0.73-0.77 in validation datasets). Furthermore, when the model integrated
the PO-AKI stage and history of malignancy with the SPARK variables, the performance was significantly enhanced
(1-year, C-index 0.86 in development and 0.86-0.88 in validation results). With the above findings, we constructed an
online postoperative risk prediction system (https://snuhnephrology.github.io/postop/).

Conclusions. The addition of two clinical factors and recalibration of SPARK variables significantly improved
mid-to-long-term postoperative risk prediction for mortality or dialysis after non-cardiac surgery. Our calculator helps
clinicians easily predict a mid-to-long-term risk and PO-AKI occurrence by entering a few variables.

GRAPHICAL ABSTRACT
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INTRODUCTION tions for follow-up kidney function measurements and monitor-
ing strategies would be helpful for the appropriate use of medi-
cal resources. However, the previous prediction systems mostly
focused only on the occurrence of PO-AKI and did not consider
the mid-to-long-term patient prognosis [2]. Considering that the
risks of kidney failure or mortality are increased in non-cardiac
surgery patients with PO-AKI in the long term, an estimation
strategy for the risks would be helpful for clinicians to evaluate
the prognosis of non-cardiac surgery recipients [14, 15].

In our previous study, we developed the Simple Postoperative
AKI RisK (SPARK) classification, which can be used before major
non-cardiac surgeries to estimate the risk of PO-AKI and critical
AKI (e.g. AKI associated with mortality or death) by a single scor-
ing system based on 11 clinical variables [9]. In the current study,
we aimed to expand the SPARK classification to build a risk

Postoperative acute kidney injury (PO-AKI) is a major complica-
tion after surgery associated with a critical impact on patient
prognosis [1, 2]. PO-AKI is related to higher socioeconomic bur-
dens, longer hospital stays, and long-term risks of chronic kid-
ney disease or cardiovascular disorders [3-5]. The risk of PO-AKI
is important not only after cardiac surgeries, when the incidence
is particularly high [6, 7], but also after non-cardiac operations,
as a non-negligible number of non-cardiac surgery recipients
suffer from worse patient outcomes related to PO-AKI |2, 8].
Previous studies have developed PO-AKIrisk prediction mod-
els under various circumstances [9-12, 13]. Estimation of PO-AKI
risk after non-cardiac surgery is particularly important as the in-
cidence is low to moderate; thus, evidence-based recommenda-
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Figure 1: Flow chart of development, temporal validation, and external validation cohort. SNUH, Seoul National University Hospital; SNUBH, Seoul National University
Bundang Hospital; SMG-BMC, Seoul Metropolitan Government Boramae Medical Center.

prediction model for mid-to-long-term adverse events after
non-cardiac surgery combined with postoperative kidney func-
tion. By incorporating the newly developed model for mid-to-
long-term risks, we developed an online comprehensive risk
prediction tool that can be used before and after non-cardiac
surgery to assess the risk of PO-AKI and associated mid-to-long-
term prognosis as a composite of kidney replacement therapy
(KRT) or mortality.

MATERIALS AND METHODS
Ethical considerations

This study was approved by the Institutional Reviewer Boards
(IRBs) of the Seoul National University Hospital (IRB No. H-2102-
192-1203) and Bundang Seoul National University Hospital (IRB
No. B-2107-698-401), and the Seoul Metropolitan Government
Boramae Medical Center (IRB No. 20-2021-57). This study was
conducted in accordance with the principles of the Declaration
of Helsinki. The requirement for informed consent was waived
by the attending institutional IRBs because this was a retrospec-
tive observational study without any medical intervention.

Study setting and object

This study aimed to develop a model to estimate the 1- and 3-
year risks of mortality or dialysis after non-cardiac surgery and
to validate the findings in external cohorts. We intended to build
a comprehensive patient prognosis estimation system based on
kidney function and related parameters which first use the pre-
vious SPARK classification before non-cardiac surgery to esti-
mate the risk of PO-AKI and critical AKI, and then use the newly
developed model after the surgery to assess mid-to-long term
prognosis. In the newly developed model, we reused the SPARK

variables and limited the number of newly required clinical vari-
ables to retain simplicity. We intended to include a small number
of variables to ease the adoption of the risk calculation model in
other centers.

Study population

We included four study cohorts in the study (Fig. 1). The dis-
covery cohort used in our previous study to develop the SPARK
classification, which included non-cardiac surgery cases from
Seoul National University from 2004 to 2013, was used as the
primary development cohort for the mid-to-long-term risk pre-
diction model. Second, a temporal validation cohort including
non-cardiac surgery cases from the same hospital from 2014 to
2020 was included. In addition, non-cardiac surgery cases from
Seoul National University Bundang Hospital from 2003 to 2020
and Seoul Metropolitan Government Boramae Medical Center
from 2013 to 2020 were included as two additional validation
cohorts. To account for temporal changes within the validation
cohort, the data from Seoul National University Bundang Hospi-
tal were divided into two distinct cohorts: Period 1 (2005-12) and
Period 2 (2013-20).

As the inclusion criteria, the non-cardiac major surgery cases
included surgeries performed in general surgery, neurosurgery,
obstetrics and gynecology, orthopedics, and urology surgery de-
partments with actual operation duration >1 hour. If a patient
underwent multiple surgeries, only the first surgery was en-
rolled, as the previous surgery could violate the patient’s con-
dition before and after subsequent operations.

Patients without baseline or follow-up serum creatinine lev-
els within 7 days after surgery were excluded. Surgical cases
of deceased patients (e.g. cadaveric liver donors) were ex-
cluded. In addition, kidney transplantation cases or surgeries,
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including nephrectomies, were excluded because of direct kid-
ney volume and functional alterations after such operations. To
exclude those with established end-stage kidney disease, those
with baseline eGFR <15 mL/min/1.73 m? or a history of KRT were
excluded. In addition, as serum creatinine elevation >4 mg/dL
itself is a criterion for stage 3 AKI, those with such high serum
creatinine values before surgery were excluded. In addition, be-
cause we aimed to develop a mid-to-long-term risk prediction
model in addition to the previous SPARK classification, patients
with missing information on the previous SPARK variables were
excluded. Finally, as we aimed to use this model within 7 days
after surgery when follow-up creatinine levels were measured,
patients who died or underwent dialysis within this period were
excluded.

After applying the inclusion and exclusion criteria, the
following patients who underwent major non-cardiac surg-
eries were included in the study cohorts: development co-
hort (N = 33636), temporal validation cohort (N = 33944), val-
idation cohort of Seoul National University Bundang Hospital
(N = 56012, Period 1 = 11309; Period 2 = 44703), and valida-
tion cohort of Seoul Metropolitan Government Boramae Medical
Center (N = 15220).

Study outcome

The study outcomes included composite events of chronic KRT
or death within 1 or 3 years after surgery. In addition to the
in-hospital electronic medical records, we reviewed data pro-
vided by the Statistics Korea Department to include nationwide
events.

AKI was defined as following the KDIGO 2012 guideline
within postoperative 7 days (either increase in serum creatinine
by >0.3 mg/dL within 48 hours or increase in serum creatinine to
>1.5 times baseline) [11]. Among the defined AKI cases, patients
who were diagnosed with stage >2 AKI or had critical events
within 90 days after surgery (started renal replacement therapy
or death) were further classified as having critical AKI.

Data collection

An electronic medical record review was performed to in-
clude the information on SPARK variables: age, sex, base-
line eGFR measured within 3 months before surgery, expected
surgery duration, whether the operation was an emergency
surgery or a scheduled case, underlying history of diabetes
mellitus, renin-angiotensin-aldosterone system blockade us-
age, baseline hypoalbuminemia (<3.5 g/dL), anemia (hemoglobin
<12 g/dL for females, 13 g/dL for males), and hyponatremia
(<135 mEq/L).

Additionally, we collected the following information to
screen the variables that could be added to the mid-to-long-term
risk prediction models: baseline comorbidities (history of coro-
nary artery disease, cerebrovascular disease, and malignancy)
and laboratory findings (e.g. potassium, total cholesterol).

Statistical analysis

For the development analysis of the mid-to-long-term risk pre-
diction model, we first assessed the discrimination power (C-
index) using the Cox proportional hazard model of the origi-
nal SPARK score, variables and coefficient, as the original SPARK
classification included some information on dialysis or mor-
tality as a previously defined critical AKI outcome. In this
process, we evaluated whether the SPARK model has mid-

to-long-term risk predictive power beyond prediction imme-
diately after surgery and evaluated the necessity for a new
follow-up model to improve mid-to-long-term outcome risk
prediction.

Next, as our mid-to-long-term risk prediction model was to
be applied at the time of follow-up kidney function measure-
ments, the main intended model was constructed with the ad-
dition of postoperative kidney function, including AKI stage ac-
cording to the KDIGO guidelines (no PO-AKI, stage 1, stage 2,
and stage 3). Finally, we screened the additive value regarding
the predictive performance of including the collected variables
(e.g. malignancy history) one at a time. We intended to limit the
number of additional variables required for simplicity and user-
friendliness. The C-index and its corresponding 95% confidence
interval (CI) were obtained utilizing the ‘survcomp’ package.

The model performances were compared in different levels
of cohorts. The firstlevel included all available cases. The second
level included cases with SPARK B class (SPARK score >20), be-
cause we recommend follow-up creatinine measurements from
SPARK B class and higher due to potential risk of PO-AKI. [9] This
second-level population would be the main study of interest be-
cause kidney function follow-up information would be available
when using the SPARK classification, as SPARK A (SPARK score
<20) was considered a low-risk group where follow-up serum
creatinine measurement was not necessary. The third level in-
cluded those who developed PO-AKI to test the model perfor-
mance in the high-risk patient group.

The comparison for the predictive performance was per-
formed by testing continuous net reclassification improvement
(cNRI) between the Cox proportional hazard models, using the
package ‘nricens’ in R to deal with censored survival data. The
95% confidence intervals for the cNRI values were calculated us-
ing thousand bootstrapping. As a supplementary analysis, we
also validated the performance of the previous SPARK score
for PO-AKI and critical AKI (AKI stage 2 or higher, dialysis, or
mortality within 90 days of surgery) as a validation analysis
of the SPARK classification. We calculated the area under the
curve (AUC) values of the receiver operating characteristic (ROC)
curves for each surgical department for each cohort. Statistical
significance was set at P < 0.05, and R software (version 4.3.1)
was used.

RESULTS
Characteristics of the study population

The baseline characteristics of the study cohort are presented in
Table 1. The median age was 59, 61, 57, 60, and 64 years in the
development and the four validation cohorts, respectively. Male
sex accounted for 44%-60% of the cases, while the prevalence
of diabetes ranged from 12% to 19%. Less than 10% of the cases
were emergency operations. Median eGFR values were from 92
to 95 mL/min/1.73 m? in the study cohorts. The validation co-
horts of Seoul National University Bundang Hospital had <10%
of dipstick albuminuria, whereas other cohorts showed higher
prevalences.

The incidence of AKI also differed, as the development co-
hort had 7% of PO-AKI cases, while the four validation cohorts
had 4% or 5% of PO-AKI events. Mid-to-long term adverse events
occurred in the development data for 5% and 13% of cases within
1 and 3 years, respectively. The incidences of the composite mid-
to-long term adverse events were lower in the validation co-
hort; they were 5% in the temporal validation cohort and 2% or
3% in the other cohorts for the 1-year outcome and 10% in the
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temporal validation cohort and 5% or 7% in the other cohorts for
the 3-year outcome.

Predictive performance of the SPARK classification

The SPARK score showed acceptable discriminative power in
the development cohort (PO-AKI: AUC 0.74; critical AKI: AUC
0.78), temporal validation cohort (PO-AKI: AUC 0.72; critical AKI:
AUC 0.78), validation cohort at Seoul National University Bun-
dang Hospital Period 1 (PO-AKI: AUC 0.77; critical AKI: AUC
0.79), Period 2 (PO-AKI: AUC 0.73; critical AKI: AUC 0.77), and
Seoul Metropolitan Government Boramae Medical Center (PO-
AKI: AUC 0.77; critical AKI: AUC 0.79, Supplementary Table 1).
When we separated the departments, the overall performances
were acceptable in the general surgery and orthopedics de-
partments, and inferior in urologic and neurosurgery depart-
ment cases, showing AUC values mostly <0.7 (Supplementary
Table 2).

Mid-to-long term risk prediction model development

One year after surgery, there were 5016 deaths (3.6%) and 168
cases of KRT (0.1%), leading to a composite outcome total of
5118 (3.7%). Three years post-surgery, the numbers rose to 11528
deaths (8.3%) and 331 KRT cases (0.2%), with composite out-
comes reaching 11728 (8.5%).

The SPARK score showed tolerable discriminative power for
the 1-year or 3-year adverse outcome risks, as the C indices were
mostly >0.7 in the development and validation cohorts (Table 2).
However, the performance became poor when we restricted the
cases to SPARK-B classes, in which measurement of follow-up
creatinine is actually recommended (e.g. C-index in the devel-
opment cohort of 1-year composite outcome: C-index 0.68, 95%
CI 0.657-0.703), and to patients with PO-AKI events, whose risks
for dialysis or mortality would actually be elevated (C-index in
the development cohort of 1-year composite outcome: C-index
0.59, 95% CI 0.539-0.647).

When we eased the scores and re-included the
SPARK variables in the Cox proportional hazard model
(Supplementary Table 3), the model performance signifi-
cantly improved not only in the development data but also in
the validation results, particularly in the SPARK-B classes of
those with PO-AKI events (Table 2). Moreover, the recalibra-
tion model from SPARK variables performed better than the
Cox regression model from the SPARK coefficient (Table 2 and
Supplementary Table 5). The cNRI analysis results also indicated
that the model including SPARK variables but re-calculating
the effect sizes by Cox regression outperformed the predictive
performance for 1-year and 3-year composite adverse event
risks (Fig. 2).

Next, when we included postoperative kidney function
(classified as AKI stage) and a single additional variable
(Supplementary Table 4), the predictive model that included a
history of malignancy showed the highest C indices in the anal-
yses (Table 3). The Cindices towards 1-year adverse outcome risk
in the development cohorts were 0.86 (95% CI 0.809-0.897) for all
cases, 0.74 (95% CI 0.719-0.762) for the SPARK-B cases, and 0.69
(95% CI0.635-0.736) for the PO-AKI cases. Moreover, the C indices
for 1-year adverse outcome risk prediction in the validation co-
horts were also acceptable, ranging from 0.863 to 0.882 for all
cases, 0.751 to 0.819 for the SPARK-B cases, and 0.705 to 0.734 for
the PO-AKI cases.

The results were similar for the 3-year composite outcome,
and the C indices were mostly >0.7 in the development and val-

idation cohorts for all three levels of patients (development co-
hort, C-index, 95% CI 0.82, 0.786-0.851 for total, 0.73, 0.711-0.740
for SPARK-B class, and 0.68, 0.641-0.718 for actual PO-AKI cases).
The performance of the final model was also supported by the
cNRI analysis (Fig. 3), which indicated that the model includ-
ing SPARK variables, postoperative AKI stage, and malignancy
history showed better discriminative power than the previous
model using only SPARK variables. Contrary to our expectations,
when we replaced expected surgery time with actual surgery
time among the SPARK variables, the model did not improve
(Supplementary Table 4).

Model performance in each surgical department

When we tested the performance of the final mid-to-long-term
risk prediction model in each department, the C indices ranged
from 0.729 to 0.848 for the 1-year outcome and from 0.690 to
0.814 for the 3-year outcome in the development cohort (Table 4).
The performances were similar in the four validation cohorts,
and the overall predictive power towards mid-to-long-term ad-
verse events was not low in the neurosurgery or urology depart-
ments, which is different from the results of the validation anal-
ysis of the SPARK score for PO-AKI or critical AKI risks.

Online postoperative risk prediction based on kidney
function-related parameters

Based on these findings, we constructed an online postoperative
risk prediction system based on kidney function-related param-
eters. In the online calculator (Fig. 4, https://snuhnephrology.
github.io/postop/), the user can input 11 SPARK variables to first
estimate PO-AKI and critical AKI risks before performing major
non-cardiac surgery. The calculator also provides mid-to-long-
term risk for dialysis or mortality within 1-year and 3-year out-
comes stratified by percentile values in the development anal-
ysis. The highest tertile was designated as the high-risk group,
the lowest tertile as the low-risk group, and the rest were classi-
fied as the moderate-risk group. The risk calculator updates the
results when a user inputs postoperative follow-up kidney func-
tion and history of malignancy, which provides a more accurate
estimation of the risks of dialysis or mortality within 1 or 3 years
from major non-cardiac surgery.

DISCUSSION

Using our pre-existing SPARK model, we derived a prediction
model for the mid-to-long-term risk of dialysis or mortality
based on kidney function and associated clinical information
for patients undergoing major non-cardiac surgery. The model
showed acceptable performance in the development and four
external validation cohorts. By incorporating the model into our
previously suggested SPARK classification, we constructed an
online prediction system that can be used before and after non-
cardiac surgeries to comprehensively estimate PO-AKI and as-
sociated mid-to-long-term risks with easily accessible clinical
information (https://snuhnephrology.github.io/postop/).
Estimating the risk of PO-AKIis an important subject in mod-
ern medicine [2, 7, 8, 16]. Because PO-AKI has a critical impact
on patient prognosis, such prediction strategies have important
value in consulting patients and determining the risk-benefit
of surgery [1]. Regression models, machine-learning algorithms,
and deep-learning models have been used to develop PO-AKI
risk prediction models [9-13]. However, approaches aiming at
simplistic calculations have particular value because the risk
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Figure 2: cNRI results comparing mid-to-long term prediction between SPARK variables and SPARK score in total population and high-risk subgroups. (A-C) Predicting
1-year composite outcome. (D-F) Predicting 3-year composite outcomes. (A and D) Total population. (B and E) Patients with SPARK class >B. (C and G) Patients with
postoperative acute kidney injury events. The x-axis of each plot represents the model performance of the SPARK score and the y-axis represents the model performance

of the SPARK variables.

Table 3: C-indices of the best-performing model for predicting mid-to long-term composite outcome with SPARK variables, postoperative AKI

stages and history of malignancy.

Validation cohort

SNUBH P1

SNUBH P2

SMG-BMC

0.865 (0.756-0.930,
0.751 (0.696-0.799

0.798 (0.725-0.855
0.692 (0.655-0.727

0.878 (0.818-0.920)
0.759 (0.728-0.789)

0.829 (0.784-0.866)
0.700 (0.677-0.723)

0.863 (0.781-0.918
0.819 (0.777-0.856,

0.848 (0.788-0.892
0.798 (0.766-0.827

Composite

outcome Population Development cohort Temporal

1-year Total 0.859 (0.809-0.897) 0.882 (0.834-0.917)
SPARK class >B 0.741 (0.719-0.762) 0.768 (0.745-0.790)
PO-AKI 0.688 (0.635-0.736) 0.705 (0.640-0.763)

3-year Total 0.821 (0.786-0.851)  0.852 (0.813-0.884)
SPARK class >B 0.726 (0.711-0.740) 0.746 (0.728-0.763)
PO-AKI 0.681 (0.641-0.718) 0.704 (0.650-0.753)

( )
( )
0.715 (0.577-0.822)
( )
( )
0.661 (0.562-0.747)

( )
( )
0.707 (0.625-0.778)  0.734 (0.622-0.822)
( )
( )
( )

0.691 (0.625-0.749)  0.733 (0.640-0.810

SNUBH, Seoul National University Bundang Hospital; SMG-BMC, Seoul Metropolitan Government Boramae Medical Center.

estimation can be easily applied to clinical practice even where
the medical environment is different [17]. In our previous study,
we developed the SPARK classification and made efforts to sim-
plify the calculation methodology to avoid over-fitting and to en-
hance usability [9]. The SPARK score showed acceptable perfor-
mance in the temporal and external validation analysis, which
was performed here.

In addition, we focused on the mid-to-long risks because the
evaluation of kidney-related patient prognosis after surgery has
important clinical value [18-23]. Previous studies have demon-
strated that a longer duration of PO-AKI and higher PO-AKI stage
are associated with increased long-term mortality [24, 25] and
worse kidney outcomes [24, 26, 27]. However, unlike the predic-
tion of PO-AKI, there is a scarcity of models available to predict
the mid-to-long-term consequences of PO-AKI. Furthermore, ex-
isting models have limitations, such as short prediction dura-
tions of 1-3 months [26, 28], making it challenging to anticipate

long-term outcomes or being restricted to specific surgical pro-
cedures [27]. In the mid-to-long term, AKI impacts overall health,
extending beyond the specific kidney outcomes represented by
KRT. The relatively low incidence of KRT may be underestimated
due to the competing risk of death. As a result, recent nephrology
literature often adopts a renal composite outcome termed major
adverse kidney event (MAKE) [29, 30]. Despite the predominance
of death over KRT in our composite outcome, our study employs
the MAKE concept from the original SPARK study of critical PO-
AKI prediction, encompassing both mortality and KRT.

In this respect, our present attempt to forecast mid- to
long-term consequences by utilizing the SPARK score, initially
designed for predicting PO-AKI occurrence, holds significant
importance. Although the SPARK score showed some useful-
ness, the remaining issue with the SPARK score for predicting
mid-to-long-term risk was that the performance was relatively
poor in those with a high risk of PO-AKI (SPARK class >B) or
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Figure 3: cNRI results comparing mid-to-long term prediction between SPARK and recalibrated model with updated postoperative AKI stage and history of malignancy
in the development and validation cohorts. (A-D) predicting 1-year composite outcome. (E-H) Predicting 3-year composite outcomes. (A and E) Development cohort. (B
and F) Validation cohort, Seoul National University Bundang Hospital. (C and G) Validation cohort, Seoul Metropolitan Government Boramae Medical Center. (D and H)
Validation cohort, temporal. The x-axis of each plot is a model from SPARK variables, and the y-axis is the performance of the model with added AKI stage and history

of malignancy.

Table 4: C-indices of newly developed mid-to-long term risk prediction model varied by department.

Validation cohort

SNUBH P1 SNUBH P2 SMG-BMC

Composite
outcomes Department Development cohort Temporal
1-year GS 0.729 (0.703-0.753) 0.757 (0.723-0.787)
os 0.848 (0.797-0.888) 0.880 (0.833-0.916)
OBGY 0.808 (0.698-0.885) 0.784 (0.683-0.860)
NS 0.812 (0.725-0.876) 0.800 (0.705-0.869)
UR 0.795 (0.730-0.847) 0.811 (0.766-0.849)
3-year GS 0.690 (0.673-0.707) 0.716 (0.691-0.739)
os 0.814 (0.779-0.844) 0.848 (0.809-0.880)
OBGY 0.784 (0.705-0.847) 0.772 (0.701-0.830)
NS 0.753 (0.696-0.803) 0.812 (0.725-0.876)
UR 0.764 (0.714-0.807) 0.795 (0.730-0.847)

0.813 (0.747-0.865)
0.873 (0.766-0.935)
0.671 (0.446-0.838)
0.698 (0.505-0.840)
0.763 (0.537-0.900)
0.724 (0.678-0.765)
0.797 (0.725-0.855)
0.757 (0.609-0.862)
0.587 (0.474-0.691)
0.779 (0.623-0.883)

0.787 (0.748-0.822)
0.880 (0.820-0.921)
0.809 (0.658-0.903)
0.805 (0.699-0.880)
0.739 (0.644-0.816)
0.697 (0.668-0.726)
0.826 (0.781-0.863)
0.747 (0.646-0.826)
0.691 (0.619-0.755)
0.739 (0.664-0.802)

0.858 (0.802-0.901)
0.864 (0.782-0.918)
0.851 (0.532-0.966)
0.811 (0.661-0.904)
0.805 (0.678-0.890)
(
(
(
(
(

0.816 (0.770-0.854)
0.844 (0.784-0.889)
0.873 (0.712-0.951)
0.765 (0.665-0.842)
0.801 (0.705-0.872)

SNUBH P1, Seoul National University Bundang Hospital Period 1; SNUBH P2, Seoul National University Bundang Hospital Period 2; SMG-BMC, Seoul Metropolitan

Government Boramae Medical Center; GS, general surgery; OS, orthopedic surgery; OBGY, obstetrics and gynecology; NS, neurosurgery; UR, urology

in those who developed PO-AKI. Therefore, we reconstructed a
prediction model based on survival analysis, and with the sim-
ple addition of postoperative kidney function and malignancy
history, we developed a mid-to-long-term risk prediction model
that can be used after major non-cardiac surgery. We again lim-
ited the number of variables for simplicity, and the comprehen-
sive system was uploaded to the web interface.

We mainly targeted the easy use of the calculator for pre-
or postoperative consultation, and, without manual calculation,
the online system can provide the estimation of PO-AKI risk, crit-
ical AKIrisk, and mid-to-long- and long-term risks for dialysis or
mortality based on kidney function-related information. There-
fore, healthcare providers may estimate the risks before major
non-cardiac surgery and perform kidney function follow-up and
thorough monitoring based on these findings (Fig. 4). In addition,
after the evaluation of postoperative kidney function, risk calcu-

lations can be updated to estimate the mid-to-long-term risk of
dialysis or mortality. Based on the findings, clinicians can sched-
ule follow-up visits, evaluate modifiable risk factors, and con-
sult with patients. We consider the main strength of the current
model to be that it is a user-centered prediction model that con-
siders which aspects of the practice the user can use. Because
the required information is routinely collected before perform-
ing major surgeries, our prediction system can be easily used
without additional data collection. Therefore, we suggest that
the online calculator would be an easily accessible, evidence-
based evaluation strategy for surgery-related kidney risks devel-
oped from large-scale cohorts.

This study has certain limitations. First, although large-scale
external validation was performed, the validation cohorts were
included from the same nation with similar ethnic backgrounds.
Whether the calculator exhibits acceptable performance should
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Figure 4: The online calculator of SPARK and mid-to-long term risk predictor.

be additionally validated in future studies. Second, the num-
ber of surgery departments was limited; therefore, some non-
cardiac surgery departments were not included. However, in
contrast to our previous SPARK classification, the overall perfor-
mance of the mid-to-long term prediction model was not poor
in specific departments. Thus, the usage of the model may be
expanded to other fields after additional validation. Third, the
targeted period to define mid-to-long-term outcomes was lim-
ited to a maximum of 3 years, and whether the current model
can be used for outcomes over a longer period is not certain.
Fourthly, in developing the model based on straightforward and
clearly defined variables, we could not consider variables that
significantly impact the occurrence of PO-AKI and mid-to-long-
term outcomes but are relatively difficult to verify and standard-
ize (e.g. fluid balance, vasoactive agent usage). Finally, artificial
intelligence-based models may provide higher predictive perfor-
mance for clinical outcomes. On the other hand, the clinical util-
ity of a model that can be easily adopted without extensive data
extraction should be considered, which is a strength of our study.

In conclusion, the constructed comprehensive risk predic-
tion system for PO-AKI, critical AKI, and mid-to-long-term risk
for dialysis or mortality may be used in clinical practice for ma-
jor non-cardiac surgeries. Further efforts to validate and improve
the prediction strategies for surgery-related kidney complica-
tions may improve patient prognosis and facilitate the appro-
priate delivery of medical resources.
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