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A Novel Artificial Intelligence-assisted Risk
Assessment Model for Preventing Complications
in Esthetic Surgery

Willi E. Bukret, MD, EMBA* . O e o 5 ]
Hhams . bukre Background: Prevention of complications to reduce morbidity and mortality, and

improve patient satisfaction is of paramount importance to plastic surgeons. This
study aimed to evaluate the predictive risk factors for complications and to validate
a novel risk assessment model, using artificial intelligence.

Methods: A retrospective review of esthetic surgery procedures performed by the
author between 2015 and 2020 was conducted. The Pearson correlation test was
used to analyze the risk factors and complications. Differences in the mean risk
scores among the three risk groups were tested using one-way analysis of variance.
Risk scoring was validated using a machine learning process with a support vector
machine in a Google Colaboratory environment.

Results: Of the 372 patients, 28 (7.5%) experienced complications. The Pearson
correlation coefficients between the risk score and body mass index (BMI: 0.99),
age (0.97), and Caprini score of 5 or more (0.98) were statistically significant (P <
0.01). The correlations between the risk scores and sex (-0.16, P= 0.58), smoking
habit (-0.16, P= 0.58), or combined procedures (-0.16, P= 0.58) were not signifi-
cant. Necrosis was significantly correlated with dehiscence (0.92, P = 0.003) and
seroma (0.77, P = 0.041). The accuracy of the predictive model was 100% for the
training sample and 97.3% for the test sample.

Conclusions: Body mass index, age, and the Caprini score were risk factors for
complications following esthetic surgery. The proposed risk assessment system is
a valid tool for improving eligibility and preventing complications. (Plast Reconstr
Surg Glob Open 2021;9:¢3698; doi: 10.1097/GOX.0000000000003698; Published online
27 July 2021.)

INTRODUCTION
Although several studies have identified risk factors
associated with complications in cosmetic surgery, research

To my knowledge, to date, a real-time risk-assessment
system assisted by artificial intelligence (AI) to stratify and
predict the risk of complications in esthetic surgeries has

on predicting the risk of complications to systematically
reduce their occurrence and improve patient safety is
limited." As complications could also lead to increased
medical costs related to reoperations and decrease patient
satisfaction, reducing the risk of complications and the
associated costs is the primary goal of plastic surgeons.””
Therefore, the current challenge is to accurately predict
the risk of the most frequent complications to reduce mor-
bidity and mortality, improve eligibility, and provide rec-
ommendations to reduce the patient’s risk before surgery.
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not been reported. This study presents an automated risk-
assessment system to evaluate the risk of complications
after esthetic surgery. The purpose of this study was to
evaluate the predictive risk factors for complications and
to validate the novel risk-assessment system using machine
learning.

PATIENTS AND METHODS

A retrospective analysis was conducted involving 372
patients operated on by the author between 2015 and
2020 to ensure consistency of results for internal valida-
tion. The Pearson correlation test was used for analysis of
risk factors and complications. The differences in mean
risk scores among the three risk groups were evaluated
using one-way analysis of variance.

Disclosure: The author has no financial interest in relation
to the content of this manuscript. The study did not receive
any financial support.

www.PRSGlobalOpen.com 1


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1097/GOX.0000000000003698
https://doi.org/10.1097/GOX.0000000000003698

Table 1. Types of Procedures and Relative Percentages
Based on the Total Number of Cases (n = 10,607,227)
Reported by ISAPS?

Percentage of

Type of Procedure Total Cases (%)

Breast augmentation 17.6
Liposuction 16.3
Eyelid surgery 10.4
Abdominoplasty

Rhinoplasty

Breast lift

Fat grafting (face)

Breast reduction

Facelift

Buttock augmentation (implants and fat transfer)
Gynecomastia

Ear surgery

Neck lift

Brow lift

Upper arm lift

Labiaplasty (excluding vaginal rejuvenation)
Facial bone contouring

Thigh lift

Lower body lift

Buttock lift
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Method Search Strategy

The 19 most frequent plastic surgery procedures,
which represented 98% of the cosmetic surgeries reported
in 2019 according to the International Society of Aesthetic
Plastic Surgery statistics (n = 10.607.227), were selected.
The most frequent surgeries included breast augmenta-
tion, liposuction, blepharoplasty, abdominoplasty, rhi-
noplasty, breast lift, fat grafting (face), breast reduction,
facelift, buttock augmentation (implants and fat trans-
fer), gynecomastia surgery, ear surgery, neck lift, brow lift,
upper arm lift, labiaplasty, facial bone contouring, thigh
lift, lower body lift, and buttock lift (Table 1).%

Inclusion and Exclusion Criteria

Independent risk factors and complications following
the above-listed procedures were searched in the PubMed
and Google Scholar databases. For the analysis of risk
factors and the relative risk (RR) of complications after
esthetic surgeries, systematic reviews and meta-analyses,
multicentric analyses, and evidence-based research studies
classified as type 1 and 2, with more than 1000 cases within
the last five years, were included. Case reports, small case
series, and evidence-based research studies classified as
type 4 or 5 were excluded.

The 12 identified papers that fulfilled the inclusion cri-
teria and exhibited a statistically significant (P< 0.05) pos-
itive correlation between risk factors and complications
are summarized in Table 2. The incidence of independent
factors for each complication was analyzed, and a RR indi-
cator or weighted coefficient (f) was assigned to each risk
factor to stratify the risk of complications. Subsequently, a
weight addition method with relevant risk factors (w) was
used to create a risk scale from 1 to 2.5. Minimal risk was
assigned the number 1 to obtain a minimum multiplica-
tion factor because every surgery involves some risk that is
different from 0. Risk scoring is a weighted sum method
assisted by a narrow Al, mathematically expressed by the
following formula:
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Weighted sum method = w, f(x)+ W, f,(x) +...+ Wy, fi (X)

where W, are the risk factors, and fis the weighted
coefficient of each factor.””

The author classified the three risk groups according
to their risk scores, as low risk (1 to <1.2 points), moderate
risk (21.2 to <1.4 points), and high risk (21.4 points) of

complications.

Predictive Model

Descriptive and inferential statistics were performed
using R studio and Google Colaboratory software to ana-
lyze the correlation among variables and to validate the
assessment method (See Shiny app, which shows the
dataset and relationships among age, body mass index
(BMI), and the Caprini score. https://bukret.shinyapps.
io/AiraShinnyApp/).

The scoring classification model was validated using
a machine learning process in the Colaboratory environ-
ment using a support vector machine from the sklearn
library (scikitlearn). The algorithm included the follow-
ing risk factors that were selected based on their relative
importance, using the Pearson correlation test (>0.50)
and statistical significance (P < 0.01): age, BMI, and the
Caprini score. Smoking habit was included in the scoring
based on current recommendations and literature.”!*?1-%

The dataset was split into training (0.80) and testing
(0.20) samples, with an aleatory seed of 100 cases. Patients
with missing data were excluded from the dataset. The
measurements used to assess model performance were
as follows: accuracy score, precision (positive predictive
value), recall (sensitivity), and harmonic mean of the
precision and recall (fl-score, or Sgrensen—Dice coeffi-
cient).”?” The complete process of data analysis is illus-
trated in Figure 1.

All procedures performed in this study were in accor-
dance with the Declaration of Helsinki. All patient infor-
mation was disidentified and retrospective.

Complications were noted in 28 of the 372 patients
(75%). The observed complications were seroma
(n = 11, 3.0%), dehiscence (n = 9, 2.4%), hematoma
(n =3, 0.8%), necrosis (n = 3, 0.8%), skin incision site
infection (n =1, 0.3%), and pulmonary embolism (n =1,
0.3%) (Table 3). The frequency of cases, complications,
odds ratios (ORs), and the mean risk score in each risk
group were as follows: low risk, 215 cases (9 complica-
tions, mean = 1.04, OR = 0.04, 99% confidence interval
[CI] = 1.045-1.035); moderate risk, 113 cases (9 compli-
cations, mean = 1.27, OR = 0.09, 99% CI = 1.277-1.263);
and high risk, 44 cases (10 complications, mean = 1.67,
OR =0.29, 99% CI = 1.673-1.627). The relative difference
in complications was 6.7-fold greater in the high-risk group
(RR, 0.29) and two-fold higher in the moderate-risk group
(RR, 0.09) than in the low-risk group (RR, 0.04) (Table 4).

The difference between the means of the risk
groups tested with analysis of variance was as follows:
fvalue = 1461.2, Pvalue = 4.54828884¢-176 (Fig. 2). The
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Fig. 1. Data analysis validated with a machine learning process using a support vector machine in a Google Colaboratory environment.

Note the dataset deployment in the Shiny app.

accuracy score for prediction with the support vector
machine was 100% in the training sample and 97.3% in the
test sample. The positive predictive value of the method
was 0.98, sensitivity showed a weighted average of 0.97, and
the f1-score showed a weighted average of 0.97 (Table 5).
The Pearson correlation coefficients between the
risk score and BMI (0.99), age (0.97), and Caprini score
of 5 or more (0.98) were statistically significant (P <
0.001). However, smoking was not found to be signifi-
cantly correlated with the risk score (-0.17, P = 0.58),

Table 3. Incidence of Complications and Relative Percentages
Based on the Total Number of Cases (n =372)

Complication Frequency Incidence (%) OR RR  Mean
Hematoma 3 0.8 0.011  0.008 0.008
Necrosis 3 0.8 0.011  0.008 0.008
SSI 1 0.3 0.004  0.003 0.003
Seroma 11 3.0 0.042  0.030 0.030
Dehiscence 9 2.4 0.034  0.025 0.024
PE 1 0.3 0.004 0.003 0.003

SSI, surgical site infection; PE, pulmonary embolism.

4

neither did any of the complications exhibit signifi-
cant correlations. Necrosis was significantly correlated
with dehiscence (0.92, P = 0.003) and seroma (0.77, P
= 0.041). Conversely, the correlation between necrosis
and other complications was not statistically significant
(P> 0.1). Additionally, dehiscence was significantly cor-
related with seroma (0.85, P = 0.014) (Fig. 3). A low
Pearson correlation was observed between the risk
score and necrosis (0.12, P = 0.69), dehiscence (-0.06,
P = 0.84), hematoma (-0.24, P = 0.43), seroma (-0.06,
P =0.84), and venous thrombosis/pulmonary embolism
(VT/PE; -0.06, P = 0.83). Furthermore, the correlation
was not statistically significant between the risk score
and male gender (0.50, P = 0.08), combined procedures
(-0.10, P =0.74), and diabetes (-0.032, P =0.88).

DISCUSSION
One of the main findings in this study was a significant
correlation (P< 0.01) of the risk scores with age (0.97), BMI
(0.99), and Caprini score of 5 or more (0.98). This is the
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Table 4. Frequency of Cases, Complications, and ORs per Risk Group Based on the Total Number of Cases (n =372)

Risk Group Cases Complications Mean OR SD 99% CI RR
Low 215 9 1.04 0.04 0.04 0.005 1.035 1.045 0.04
Moderate 113 9 1.27 0.09 0.05 0.007 1.263 1.277 0.09
High 44 10 1.65 0.29 0.17 0.023 1.627 1.673 0.29

SD, standard deviation.

reason for the inclusion of the 2005 Caprini scoring system
in the risk assessment model, in addition to the evidence in
literature, and its universal acceptance for prophylaxis of
venous thromboembolism.” Habitual smoking, length of sur-
gery, and other comorbidities included in the Caprini score
were assessed in the predictive scoring. This was because
of their established relationships with deep vein thrombo-
sis and pulmonary embolism, which have been extensively
addressed in the literature.'**" However, no significant
correlation was found between the risk scores and smok-
ing habit (-0.13, P = 0.57) or any other complication (P>
0.05). Nevertheless, beyond the evidence, and in accordance
with current recommendations, it is reasonable to include
smoking in the scoring until the relationship between this
factor and surgical complications is fully established. This will
eventually affect the score positively, augmenting the sensitiv-
ity of the method (weighted average, 0.97) (Table 5).%10:2:2
Interestingly, necrosis showed a significant correlation with
dehiscence (0.92, P=0.003) and seroma (0.77, P=0.041).
Previous studies have reported that better quality data
regarding patient safety and risk are required to establish evi-
dence-based guidelines to reduce morbidity and mortality in
patients undergoing cosmetic surgery.*****% Furthermore, in
a systematic review in 2019, Morzycki et al suggested the need
for reporting standards for adverse events in plastic surgery
literature.® In 2011, the task force of the American Society
of Plastic Surgeons provided recommendations for improv-
ing patient safety and classifying high-risk patients according
to the following criteria: BMI more than 35kg/m? opera-
tive times more than 6h, lipoaspirate volumes more than
3L, and combined procedures.’ More recently Rohrich,
Mendez, and Afrooz* classified patients at high-risk as those
with a BMI more than 30kg/m?, operative times more than

Distribution of Risk Groups by Risk score

244
221
201
18 1
16 1
14 1

O

10 1 '4&

Hi'gh Modérate Low
Risk groups

Fig. 2. Difference between means of the risk groups tested using
one-way analysis of variance (f-value = 1461.2, P=4.54828884e-176).

Risk score

4h, lipoaspirate volumes more than 3L, and undergoing
combined procedures. They also recognized that a majority
of previous studies failed to identify specific risk factors for
adverse outcomes in the outpatient setting.

To date, most studies have demonstrated an associa-
tion between complications and some independent risk
factors after frequent plastic surgeries, especially recon-
structive surgery, but the effects of combined factors on
the risk of complications remain unclear. Moreover, the
relationships of some factors, such as smoking or gender,
with the occurrence of complications have not been fully
elucidated. Kaoutzanis et al reported that men exhibited
similar overall major complication rates as women (2.1%
versus 2.1%, P = 0.97), but when specific complications
were analyzed, men exhibited higher hematoma rates and
alower incidence of surgical site infection.'*" In this study,
no significant correlation was found between risk score
and male gender (0.50, P =0.08) or any complications.

Pluvy et al, in a systematic review with meta-analysis,
revealed that smoking significantly increased the risk of cuta-
neous necrosis, delayed wound healing (OR =2.5; [95% CI =
1.49-4.08]; P< 0.001), and additional surgical site infections
(OR=2.3;[95% CI =1.51-3.54]; P<0.001).% In a meta-anal-
ysis, Theocharidis et al reported that tobacco use significantly
increased the total number of postoperative complications
following abdominoplasty (OR =5.43; 95% CI = 2.92-10.10),
breast reduction (OR =2.36; 95% CI = 1.64-3.39), and breast
reconstruction (OR =1.91; 95% CI = 1.69-2.17).° Hillam et
al analyzed 13,503 cases and reported that smoking was an
independent risk factor for major surgical site infections
following esthetic surgery (0.6% versus 0.5%, P = 0.04).
However, overall, major complications were similar between
smokers and nonsmokers (2.0% versus 1.9%, P=0.57)."

In 2017, Layliev et al revealed that age equal to or
greater than 40 years was an independent risk factor for
developing complications after rhinoplasties. On multivari-
ate logistic regression analysis, combined procedures were
found to be the only independent risk factor for the devel-
opment of hematomas (RR = 3.38; P=0.03) and pulmonary
complications (RR = 7; P=0.03) but was not a risk factor for
infectious complications (RR = 1.10; P = 0.90) (Tables 3—
5)." Gupta et al analyzed the incidence and risk factors for

Table 5. Model Performance per Risk Group

Precision Recall f1 Score Support
Low 1.00 0.83 0.91 6
Moderate 1.00 0.98 0.99 48
High 0.91 1.00 0.95 21
Accuracy 0.97 75
Weighted avg 0.98 0.97 0.97 75

Avg, average; fl-score, harmonic mean of the precision and recall; precision,
positive predictive value; recall, sensitivity.
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Fig. 3. Correlation analysis of the risk score, main risk factors, and complications (Pearson test > 0.5,

P <0.05).

major complications after breast surgery in 73,608 cases,
and age was the only significant predictor of hematomas
(RR =1.01; P < 0.01). Increasing age (RR =1.02; P =0.03)
and BMI (RR = 1.09; P < 0.01) were risk factors for infec-
tion."* In 2016, the same authors reported that hematoma
(1.1%) and infection (0.3%) were the most common major
complications after a facelift. Other independent risk fac-
tors were male gender, BMI of 25 or more, and combined
procedures.”” In a multivariate analysis, Winocour et al dem-
onstrated that significant risk factors (P < 0.05) included
male gender (RR = 1.8), age greater than or equal to 55
years (1.4), BMI > 30kg/m? (1.3), multiple procedures
(1.5), and procedural performance at a hospital or surgical
center versus performance in an office-based surgical suite
(1.6).” The same group analyzed the incidence of compli-
cations after liposuction; independent predictors of major
complications included combined procedures (RR = 4.81),
age (1.01), BMI (1.05), and procedures performed in hos-
pitals (1.36). They concluded that combined procedures,
especially in obese or older individuals, could significantly
increase complication rates.”

Bamba et al conducted a multivariate analysis, and
patients with diabetes had significantly more complica-
tions than nondiabetics (3.1% versus 1.9%, P < 0.01);

diabetes was an independent risk factor for any complica-
tion (RR = 1.31; P = 0.03) and infection (RR = 1.70, P <
0.01)."% Kaoutzanis et al in a multivariate analysis found
that independent predictors of surgical site infection
included age (RR = 1.01), female gender (1.86), BMI
(1.07), smoking (1.61), diabetes (1.58), hospital or ambu-
latory surgical center procedures (1.39), trunk/extremity
procedures (2.42), and combined procedures (1.88)."7
The same group evaluated the incidence of hematomas
in 129,007 patients, and 1,180 (0.91%) had a major hema-
toma. They concluded that major hematomas were the
most common complication following esthetic surgery.
Male patients and those undergoing breast or combined
procedures have a significantly higher risk of develop-
ing hematomas. On multivariate analysis, independent
predictors of hematoma included age (RR = 1.01), male
gender (1.98), procedures performed in a hospital rather
than an office-based setting (1.68), combined procedures
(1.35), and breast procedures rather than body/extremity
and face procedures (1.81)."

Kaoutzanis et al reported that independent predictors
of major complications in men included BMI (RR 1.05),
hospital or ambulatory surgical center procedures (RR
3.47), and combined procedures (RR 2.56).* In 2009,
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Momeni observed that obesity (BMI > 30kg/m?) was asso-
ciated with a significant increase in major complications
after abdominoplasty (20.8% versus 9.7%; P < 0.05).%"
Keyes et al conducted a retrospective analysis of 6,388,744
patients over 10 years by using data from the IBQAP data-
base and found that age (OR = 0.67, P < 0.01) and BMI
(OR = 0.43, P < 0.01) were independent risk factors for
venous thromboembolism (VTE).!

The practice of individualized VTE risk stratification
and specific utilization of the 2005 Caprini score are explic-
itly advocated by the American Society of Plastic Surgeons
and the American Association of Plastic Surgeons.”>7?!
In a prospective study of 1000 patients, Swanson detected
nine deep venous thromboses (0.9%) from days 1 to 35
after surgery.” Winnocurt et al reported a 0.09% venous
thromboembolism rate; multivariate logistic regression
demonstrated the following significant risk factors (P <
0.05) for VTE: body procedures (RR = 13.47), combined
procedures (2.4), increased BMI (1.06), and increased
age (1.02).7

For this study, a weighted risk-assessment scoring vali-
dated using a support vector classification machine learn-
ing tool was developed, which could classify patients into
three levels of risk of complications. Notably, the relative
difference in complications was 6.7-fold higher in the
high-risk group (RR 0.29) and two-fold higher in the
moderate-risk group (RR 0.09) than in the low-risk group
(RR 0.04) (Table 4). This novel system is effective and easy
to use in daily practice to automatically assess risk factors
in patients by implementing narrow Al, which is also use-
ful for analyzing systematically collected data to improve
patient safety and satisfaction.

To my knowledge, this is the first Al-assisted risk-assess-
ment system to prevent complications in cosmetic surgery.
Systematically assessing risk factors could strategically
improve eligibility, surgical planning, patient education,
and safety by preventing adverse outcomes, modifying risk
factors before surgery, and selecting the appropriate surgi-
cal setting for each patient.'?*

The limitations of this study are the size of the case
series and retrospective design. Additionally, patient rec-
ommendations and preoperative measures to reduce
operative risks were not analyzed or discussed because they
largely exceed the scope of this communication. Finally, it
is necessary to highlight that Al-based assessments should
not replace traditional clinical history and anamnesis but
should augment evaluations of patient eligibility and be
used to reduce human error and bias when collecting and
analyzing patient data.

CONCLUSIONS
BMI, age, and the Caprini score were independent pre-
dictors of complications following esthetic surgery. The
proposed risk-assessment system is a valid tool to improve
patient eligibility by identifying patients aged between 16
and 67 years at a higher risk of complications. This scoring
system can guide plastic surgeons in the decision-making

process while reducing risks and costs. However, further
studies are required for external validation of this system.
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