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Objectives : Despite the growing use of artificial intelligence, data availability, and privacy concerns
limit its clinical application. This study aimed to develop a synthetic model as a promising solution to
address these, enabling the prediction of postoperative acute kidney injury (PO-AKI) prediction even
with a relatively small real-world dataset.

Methods : We developed a synthetic model to generate virtual patient data, incorporating
comorbidities, laboratory results, medication history, surgical details, and PO-AKI occurrence in
patients underwent non-cardiac major surgeries. The model was built on the BERT architecture and
trained using real-world data from data-rich hospitals. Privacy risks were evaluated through
Membership and Attribute Inference Attacks (MIA and AIA). The similarity between synthetic and
real-world data was statistically assessed, and its clinical utility was evaluated by examining whether
augmenting data-scarce scenarios with exact matched synthetic data improved PO-AKI prediction
using the CatBoost.

Results : A total of 335,687 real-world patient data were collected from six tertiary hospitals,
including 275,727 from 3 data-rich and 59,960 from 3 data-scarce hospitals. The similarity between
the real-world data from the data-rich hospitals, which served as the training set for the synthetic
generation model, and the synthetic data from each hospital was analyzed (Table 1). At SNUH,
90.4% of variables showed no statistically significant difference between real-world and synthetic
data, compared to 89.0% at SNUBH and 94.4% at AMC. The MIA and AIA confirmed the privacy
protection of synthesized data. The clinical utility of synthetic data in PO-AKI prediction was evaluated
by augmenting real-world data-scarce cohorts (250-2,000 patients) with synthetic data. The benefit
was most pronounced in smaller cohorts, peaking at 2,000—4,000 synthetic patients and plateauing
beyond 16,000 (Figure 1).

Conclusions : This is the first study to apply generative AI to PO-AKI prediction. We
comprehensively demonstrate its clinical utility in data-scarce scenarios by enhancing prediction
performance through synthetic data augmentation.
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Table 1. Similarity comparison of representative variables between real-world and synthetic data

Continuous variables were presented as mean - standard deviation (SD), and categorical variables were p as fr ies (p ges). As continuous variables
were not normally distributed, the Kolmogorov-Smirnov (KS) statistic was used, with lower KS statistic values indicating greater similarity between the distributions of
the two datasets. Medication usage information is presented as used in the 90 days before surgery. For categorical variables, Jensen-Shannon Distance (JSD) was used to

measure similarity, where values closer to 0 indicate greater similarity to real data

ted

SNUH SNUBH AMC
Feature Real-world data Synthetic data » Real-world data Synthetic data » Real-world data. Synthetic data P
Valve [Missing (%)) Value |[Missmg (%)Value] Value |Missing (%) Valve |Missing (%) value| Valve |Missing Value |[Missing (%) value
lage (year) sels151] 0 [s8s=133] 0 loosys73s154] 0 [sess1as| o |oo%6[s7is1a6] 0 |s7esiza] 0 |ood4e
Sex, Female 461 0 457 o [oooy] s24 o 521 o [ooo2| s04 0 500 o [oo03
[Height (cm) 162.3+9.2 12 162.749.5 41 0.040{ 161.79.4 1 160.9+9.5 0 0032 162392 ] 162249 2 0 0031
[Weight (kg) 642:122] 42 646126 41 [o02s) 6425122 1 63412 0 [oos] esz121 [) 63120 o [oos
SBP (mmHg) 122 6+15 9| a4 122.1+15.4 3 0.047)123 44201 o 121 6+19. o 0.046 (1177159 2 117 3+16.5| 2 0.032
DBP (mmg) 75.5211 4 |7s3=106] 3 looss7i7a12e) 0 (708128 0 [o0si| 73610 2 |m3a102 2 |ood0
Heartrate (mum) [69.12123| 44 [6872116] 42 Jooso{7032131 o  [e92:127] 0 Joooss[ev02116] 2 6952118 2 |oos
related factor
[Department (%
GS 469 0 53.3 [ 39.5 o 447 0 540 [ 59.7 0
OBGY 43 0 34 0 55 o 63 0 129 ] 114 0
UR 36 [ 63 0 |oosy 98 o 95 0 |ooss| 77 ] 44 o |ooss
N§ 161 0 148 o 83 o 72 o 103 0 L0 0
os 270 [ 22 o 359 0 324 [ 152 a 134 0
[Emergent OP 78 0.6 70 06 ooz ss o 36 o [oos| sa 0 49 o [oo03
{Comorbidity (%)
DM 126 [) 120 o [ooog 124 o 118 o [ooos| 136 [) 136 o [<0.001]
EzEﬂel]SiOll 237 o 217 o 10.017) 283 o 29.0 o 0.005 276 o 292 0 0.012
A 403 0 485 0 |oose 300 o 306 o [ooos| 450 [ 429 o [oois
90-days medication usage (%)
[RAS Blocker 100 [ 1.2 o Joors 68 o 51 o Jooz| 173 [) 180 o [oo06
SAIDs 213 o 179 o 0.031 227 o 16.1 o 0.059 121 o 141 0 0.021
Statin 94 0 56 o |oow 61 o 47 o |oox| 137 [ 132 o |ooos
Steroid 135 0 115 0 [oo2] 105 o 34 o [oozs| 124 [ 134 o [oonn
Laboratory findings
[BUN (mg/dL) 15,1557 0 1555.2 0 [oos1] 141453 o 13.7:49 0 Joos2|147s55 2 144551 2 Jooms
rlznnglr‘:lin(g-‘dL) 13.1x19 o 13318 o 0.063 12.8+19 o 12.7£1.9 o 0.037| 129£1 8 o 129+19 0 0.023
[Albumin (L) | 41205 [) 4105 o [o0s7 39:07 [ 39:06 o [ooes] 37205 [) 37205 o [ooss
fCr (mg/dL) 09:03 0 09202 0 [0047 08=02 o 08202 0 [ooss| 08202 ] 08202 o |oois
i ) 1404227 0 1405226 0 [0123 1402:30] 0 140230 o [ons|is03as] o [uose26] o Joa
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Figure 1. The gradual augmentation effect of characteri hed h data on real: 1d data of various sample sizes.

Three sets of synthetic data, generated from three data-rich hospitals, were used to augment the real-world data of six hospitals (three data-rich and three data-scarce). The left side of each graph's subtitle indicates
the origin of the synthetic data, while the right side indicates the origin of the real-world data. Data-rich hospitals were augmented using synthetic data from the other two institutions, excluding their own. Synthetic
data was selected through exact matching with real-world data. The y-axis represents the AUROC difference between the PO-AKI prediction model trained on augmented data and the model trained solely on the

i I-world patient data. 'NUH, Seoul National University Hospital; SNUBH, Seoul National University Bundang Hospital; AMC, Asan Medical Center; BMC, Seoul Metropolitan

B
Govemment Boramag Medical Center. BMC: CAUH. Chung-Ang University Hospital: KNUH. Kangwon National University Hospital:
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