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Individualized Risk of Surgical Complications:
An Application of the Breast Reconstruction
Risk Assessment Score

John Y. S. Kim, MD#* . . L. .
Alexei S. Mlodinow. BA* Background: Risk discussion is a central tenet of the dialogue between sur-

Nima Khavanin, BS* || geon and patient. Risk calculators have recently offered a new way to inte-

Keith M. Hume, MAt [| grate evidence-based practice into the discussion of individualized patient

Christopher J. Simmons, BSt risk and expectation management. Focusing on the comprehensive Track-

Michael J. Weiss, MPH ing Operations and Outcomes for Plastic Surgeons (TOPS) database, we

Robert X. Murphy, Jr, MD, endeavored to add plastic surgical outcomes to the previously developed
MSt Breast Reconstruction Risk Assessment (BRA) score.

Karol A. Gutowski, MD§ Methods: The TOPS database from 2008 to 2011 was queried for patients
undergoing breast reconstruction. Regression models were constructed for
the following complications: seroma, dehiscence, surgical site infection (SSI),
explantation, flap failure, reoperation, and overall complications.

Results: Of 11,992 cases, 4439 met inclusion criteria. Overall complication
rate was 15.9%, with rates of 3.4% for seroma, 4.0% for SSI, 6.1% for dehis-
cence, 3.7% for explantation, 7.0% for flap loss, and 6.4% for reoperation.
Individualized risk models were developed with acceptable goodness of fit,
accuracy, and internal validity. Distribution of overall complication risk was
broad and asymmetric, meaning that the average risk was often a poor
estimate of the risk for any given patient. These models were added to the
previously developed open-access version of the risk calculator, available at
http://www.BRAscore.org.

Conclusions: Population-based measures of risk may not accurately reflect
risk for many individual patients. In this era of increasing emphasis on
evidence-based medicine, we have developed a breast reconstruction risk
assessment calculator from the robust TOPS database. The BRA Score
tool can aid in individualizing—and quantifying—risk to better inform
surgical decision making and better manage patient expectations. (Plast
Reconstr Surg Glob Open 2015;3:¢405; doi: 10.1097/GOX.0000000000000351;
Published online 28 May 2015.)
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tectomy patients have shown steady yearly increases
in the rate of reconstruction, leading to more than
90,000 reconstructions nationwide in 2011.%°

Numerous modalities exist for reconstruction of
the breast, and each carries its own advantages and
disadvantages. A number of superb intrainstitutional
studies have benchmarked rates and elucidated risk
factors for complications in different modalities.**’
Further, recent years have seen a greater number
of studies using either meta-analysis or large-scale
clinical registries with greater statistical power and
generalizability.***” However, even given large-scale
data, the reconstructive surgeon and mastectomy
patient are still faced with the necessity of making
an individualized decision based on these popula-
tion-based measures of risk, which may over- or un-
derestimate the actual probability of complications
for the case at hand.

This conundrum has led to recent interest in
online decision-making tools for patient and sur-
geon.”™*! The utility of these calculators lies in their
ability to add specific and objective measures of risk
to the conversation between patient and surgeon. In
the face of these benefits, the Centers for Medicare
and Medicaid Services may provide incentives to sur-
geons who discuss patient-specific risks before elec-
tive operations.*?

The Breast Reconstruction Risk Assessment (BRA)
score is an online tool (http://www.BRAScore.org),
developed previously using the National Surgical
Quality Improvement Program (NSQIP) to help as-
sess the probability of complications based on the
choice of reconstructive modality. The Tracking Op-
erations and Outcomes for Plastic Surgeons (TOPS)
program, maintained by the American Society of
Plastic Surgeons (ASPS), provides more granular
detail with respect to complications of interest in
breast reconstruction. Our goal in this study was to
use the TOPS database to expand upon the current
BRA score model to include calculators for surgical
complications of particular interest in breast recon-
struction: seroma, dehiscence, surgical site infection
(SSI), flap failure, explantation, and reoperation.
The BRA score will never supplant clinical decision
making; however, it can serve as a useful adjunct by
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transforming robust statistical analysis into an easy-
to-use tool for patient and surgeon alike.

METHODS

Database

The TOPS database is a prospectively planned,
Health Information Portability and Accountability Act
(HIPAA)-compliant patient registry that was launched
in 2002, with the goals of providing benchmarks and
improving outcomes for members and candidate
members of the ASPS.# Since it began, data have been
reported by more than 1200 surgeons, for over 1 mil-
lion procedures.” Data are self-reported and include
procedure characteristics, clinical characteristics, and
30-day outcomes of interest to the plastic surgeon. Par-
ticipation is voluntary and lacks financial incentives.

Patient Population

TOPS 2008-2011 dataset was queried for all pa-
tients undergoing immediate breast reconstruction.
Patients undergoing autologous breast reconstruc-
tion were identified by Current Procedural Termi-
nology codes 19361 (latissimus dorsi), 19364 (free
flap), and 19367-19369 (pedicled Transverse Rec-
tus Abdominus Myocutaneous [TRAM]). Patients
undergoing prosthetic reconstruction were identi-
fied by Current Procedural Terminology code 19357.
Procedures marked as “revisions” were excluded
from analysis. In addition, patients marked as under
18 years old at the time of procedure, patients with
outlier body mass index (BMI) ofless than 10 or over
100, and duplicate cases were excluded from the co-
hort. Finally, patients without necessary preoperative
data were excluded to allow for a robust analysis.

Clinical Characteristics and Outcomes

Variables of clinical interest tracked by TOPS
include age, BMI, smoking status (30-day and life-
time), diabetes, and American Society of Anesthesi-
ology (ASA) class. Outcomes of interest in this study
were seroma, dehiscence, SSI, partial (10-90% of
flap) or full flap loss, explantation (in the prosthetic
cohort), and reoperation. SSI was defined as a super-
ficial, deep, or organ space infection at the donor
or recipient site. Flap failure was defined as partial
(10-90%) or full (>90%) loss of the transferred tis-
sue. More detailed information can be found in the
TOPS Datapoint Definitions manual.* For each com-
plication, incidence was determined within each mo-
dality and within the population as a whole. Clinical
characteristics of patients with a complication and
those without one were compared using chi-square
tests (Table 1). Pvalues reported are two-sided, with
a threshold of statistical significance at <0.05.
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Table 1. Clinical Comparison of Patients With Complications and Those Without

No Complication Any Complication
n= 3732 n="707
n % n % P

Age*T 51.1 (44, 58) 51.9 (45, 59) 0.046
BMI*t 26.8 (22.6, 29.6) 28.9 (23.7, 33.0) <0.001
Smoking

Former smoker* 477 12.78 112 15.84 0.002

Current smoker* 321 8.60 79 11.17 0.001
Diabetes™ 134 3.59 46 6.51 0.002
ASA > 2% 268 7.18 78 11.03 <0.001
Modality

Tissue Expander* 2946 78.94 447 63.22 <0.001

Latissimus* 251 6.73 65 9.19

Pedicled TRAM* 339 9.08 141 19.94

Free Flap* 196 5.25 54 7.64

*Statistical significance at P < 0.05. With respect to “modality,” this indicates that there is a statistically significant difference between the

cohorts in the distribution of patients across reconstruction types.

tContinuous variables, which were analyzed using Mann-Whitney U tests and reported as mean (25th percentile, 75th percentile).

Risk Modeling

A random-intercept fixed-slope generalized linear
modelwas used to estimate the risk for each of the 6 out-
comes ofinterest, plus one for overall complications. All
clinical characteristics in Table 1 were included in each
model. Each risk model was used to calculate a predict-
ed probability for its respective complication for each
patient. Statistical analyses were performed using SPSS
version 21.0 (IBM, Armonk, NY) and R version 3.0.1
(R Foundation for Statistical Computing, Vienna,
Austria).

Risk Model Performance and Validation

Hosmer-Lemeshow statistics and ¢statistics were
ascertained to assess the calibration and discriminatory
capacity of each model, respectively.* Bootstrapping
allows for the validation of a logistic regression model
using the same dataset from which it was derived. It out-
performs other commonly used validation methods.***
Bootstrapping with 1000 iterations was used to provide
optimism-corrected estatistics which, taken with uncor-
rected estatistics, validate or nullify the discriminatory
ability of each model. Additionally, model accuracy was
validated with the Brier score.”

Risk Calculator

Each model was used to develop a calculator of pre-
dicted probabilities of its respective complication, us-
ing the inverse logit function: Probability=1/(1 + e f3),
where f3is equal to the model constant plus the covari-
ates unique to a given patient. The online calculator
(http://www.BRAScore.org) accepts clinical charac-
teristics and provides predicted probabilities for each
complication within each modality (Fig. 1).

This work is based on the TOPS program, which
provides HIPAA-compliant, deidentified databases
to members and candidate members of the ASPS.

RESULTS

Cohort Characteristics

A total of 11,992 prosthetic and autologous pro-
cedures were identified in the TOPS database files
between 2008 and 2011. Four thousand four hun-
dred thirty-nine met all inclusion criteria above and
had no missing perioperative data. Of these, 3393
were prosthetic, 308 latissimus, 435 pedicled TRAM,
and 230 free flaps. Overall incidence of complica-
tions was 3.4% for seroma, 4.0% for SSI, 6.1% for de-
hiscence, 3.7% for explantation, 7.0% for flap loss,
and 6.4% for reoperation. Patients who experienced
a complication were widely different from those who
did not, in terms of clinical characteristics (Table 1).

Model Development and Risk Distribution

Seven binary logistic regression models were de-
veloped on the basis of the clinical characteristics
displayed in Table 1. These models take into account
5 covariates in addition to reconstructive modality to
determine a patient’s probability of a given outcome:
age, BMI, smoking status, diabetes, and ASA class of
greater than 2. The models themselves, represented
by their 8 values and intercepts, are displayed in
Table 2. The minimum and maximum predicted
probabilities are juxtaposed against the average or
population-based risk estimate in Table 3. The broad
spread of these values indicates that the population
risk significantly over- or underestimates the risk for
individual patients.

Model Performance

The model characteristics for that of each compli-
cation are shown in Table 4. The Hosmer-Lemeshow
statistics showed all the models to be well calibrated
(range, 0.167-0.609). The Brier score, which is 0
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Breast Reconstruction Risk Assessment

(BRA) Score

To calculate the estimated risk for postoperative complications in a patient who underwent mastectomy with immediate tissue expander or autologous

reconstruction, complete the following worksheet.

Some Models Abstracted from Participant Use Files of the Tracking Operations and Outcomes for Plastic Surgeons (TOPS) database.
Other Models Abstracted from Participant Use Files of the National Surgical Quality Improvement Program (NSQIP).

Height [ ] ®inOm Bleeding Risks: Yes No
Weight [ | @b Okg Vitamin K Deficiency ®
Age [:] Thrombocytopenia ) @
Yes No Hemophilia ®
Do you have high blood pressure or are you O Other Diagnosed Clotting Disorder ) @
taking medications for high blood pressure? . .
- . - Coumadin, NSAIDs, or Other Anti-Coagulant NOT () (e
Have you been diagnosed with diabetes O N R X
. Discontinued Prior to Surgery
mellitus? i .
Have you experienced difficult, painful, or (® Chronic Aspirin Therapy ) @
labored breathing? Have you ever had a:
(only count if 30 days or fewer prior to procedure) Balloon Angioplasty D ®
Have you undergone chemotherapy? O ® Stent Placement e
(only count if 30 days or fewer prior to procedure) Coronary Artery Bypass Graft ) @
Valve Replacement/Repair ®
American Society of Anesthesiologists Il p_ £p Y pk Defibrill i .
(ASA) Physical Status Classification Whatis this? mplantation of Pacemaker/Defibrillator S
Other major cardiac surgery ) @
Smoking Status

Fig. 1. Screen capture of online user interface upon populating all fields with relevant clinical characteristics, the user may
click the “Calculate Risk” button and the breakdown of complication risk by reconstructive modality will appear.

Table 2. Betas for Each Predictive Model

B Value within Model
Overall
Characteristic Seroma Dehiscence SSI Flap Loss* Explantation Reoperation Complications
Age (per year) 0.007 0.000 0.002 0.014 0.012 0.019 0.005
BMI (per point) 0.033 0.050 0.071 0.018 0.082 0.041 0.048
Former smoker 0.256 0.154 -0.345 0.899 -0.477 0.086 0.254
Current smoker -0.218 0.666 0.344 0.515 0.202 0.572 0.450
Diabetic 0.141 0.074 0.294 0.588 0.435 -0.086 0.201
ASA > 2 0.436 0.364 0.185 0.218 -0.175 -0.338 0.216
Modality
Latissimus 1.193 0.328 -0.208 — — -0.319 0.520
TRAM 0.565 1.390 0.092 1.399 — 0.503 0.965
Free flap 0.413 0.549 -0.745 1.303 — 0.607 0.589
Constants -4.957 -4.581 -5.277 -5.181 -6.190 -4.949 -3.576

*Flap failure model uses latissimus as a reference, all others use tissue expander.

in an ideal model, ranged from 0.007 for the over-
all complication model to 0.063 for the flap failure
model. Bootstrap validation yielded optimism-cor-
rected estatistics ranging from 0.603 for the reop-
eration model (0.612 uncorrected) to 0.677 for the
flap failure model (0.699 uncorrected). Figures 2
and 3 consist of plots depicting observed versus
expected outcomes for each model. Recent literature
on risk modeling suggests that ¢statistics in isolation
may not represent a reliable measure of a model’s
validity. %2 Specifically, for models with more

4

homogenous cohorts, like the current examination
of only one procedure, the estatistic must be consid-
ered with other measures of predictive power.® The
optimism-corrected ¢statistics demonstrate internal
validity of all models. Further, Brier scores demon-
strate predictive accuracy of all models.

Risk Calculator

These models served as the basis for an interac-
tive risk calculator, which is freely available at http://
www.BRAScore.org. The estimated risk of any of the
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Table 3. Overall Incidences and Range of Predicted
Probabilities

Overall Minimum Maximum
Incidence Probability Probability
Complication (%) (%) (%)
Seroma 3.37 1.21 22.24
SSI 3.96 0.87 29.89
Dehiscence 6.13 2.22 50.19
Flap failure 7.0 1.24 50.57
Explantation 3.7 1.14 52.08
Reoperation 6.42 1.79 23.01
Overall 15.92 6.84 62.50

Minimum probability indicates the lowest predicted probability in
the sample from which the models were derived. Maximum indicates
the highest.

Table 4. Predictive Model Characteristics

Optimism

H-L Corrected Brier
Complication  Statistics c¢-Statistics c-Statistics Score
Seroma 0.609 0.655 0.631 0.032
SSI 0.349 0.659 0.637 0.038
Dehiscence 0.167 0.672 0.661 0.055
Flap failure 0.230 0.673 0.632 0.063
Explantation 0.399 0.684 0.670 0.035
Reoperation 0.633 0.623 0.606 0.059
Overall 0.374 0.644 0.639 0.128

complication

complications analyzed takes on a wide range of val-
ues that depend on patientspecific factors. The BRA
score Web site allows patient and surgeon to input
these factors into a calculator to ascertain the esti-
mated risk of seroma, SSI, dehiscence, flap failure, ex-
plantation, and reoperation. Figure 1 represents the
online platform. Example risk estimates taken from
this online interface for 2 hypothetical patients are
depicted in Figures 2 and 3. Figure 2 represents a rela-
tively healthy patient who is 45 years old, has a BMI of
19.4 (5°6” 120 1bs), has no history of smoking or dia-
betes, and has an ASA class of 1. Figure 3 represents
a relatively ill patient, who is 70 years old, has a BMI
of 32.3 (5°6” 200 lbs), has a history of smoking and
diabetes, and has an ASA class of 3. These illustrate
the difference in risk that exists both between patients
and between procedures within the same patient.

DISCUSSION

In recent years, several evidence-based risk cal-
culators have come into clinical use.*'%*% Pop-
ulation-based estimates may not reflect the true
magnitude of risk for patients at either extreme of
the comorbidity spectrum, and the advantage of a
risk calculator lies in its quantitative assessment of
risk that is patient-specific. This obviates the need to
rely on an impression that a patient is “low risk” or
“high risk” and allows for a more precise dialogue

between patient and surgeon. Further, the role of
empirical and individualized data in surgical deci-
sion making and informed consent is growing in-
creasingly important.**°557 Faced with the absence of
a risk calculator for breast reconstruction, we previ-
ously developed the BRA score, an online risk calcu-
lator for SSI and medical complications, using the
NSQIP database.*®* Our goal in the current study is
to expand on that model, using the TOPS database
to add a risk calculator for surgical complications to
the online interface.®

The clinical utility of this calculator to the recon-
structive surgeon is best exemplified by the concrete
clinical examples seen in Figures 2 and 3, which dis-
play risk profiles taken from the online interface for
2 hypothetical patients with different clinical char-
acteristics. Figure 2 represents a 45-year-old patient
with a BMI of 19.4, no history of smoking or diabe-
tes, and an ASA class of 1. It is clear to us that this
patient has a low risk of flap failure compared to the
population average of 7.0% (Table 3). However, she
would likely grasp the concept better if given a more
granular estimate, for example, that her risk of fail-
ure with a latissimus flap is only 1.47% (Fig. 2).

Figure 3, on the other hand, represents a 70-year-
old patient with a BMI of 32.3, a history of diabetes
and smoking, and an ASA class of 3. Again, “intu-
ition” tells us that she is at higher risk—but how high
a risk? The pitfall of population-based risk is that we
could inaccurately underestimate her individualized
risk, in this case 27.7% for TRAM flap failure, a fig-
ure almost 5 times that of the population mean 7.0%
(Table 3). Further, this risk is cut by two thirds when
using a latissimus flap, with a failure risk of 9.1%
(Fig. 3). In a case such as this, the resultant risk esti-
mates may aid not only in the choice of flap type but
also in the choice to delay or forego reconstruction.

Finally, the potential issues with overreliance on
surgical intuition can come into play when there
are patients with mixed risk profiles, for instance,
how would we manage expectations in patients with
a healthy gestalt profiles, but a single comorbidity?
How do the vectors of risk in such a situation balance
out? Quantitatively, this may be difficult to accurately
assess and communicate. Further, a corollary to this
is the question of how multiple risk factors interact.
For example, what is the additive risk for someone
with smoking history, diabetes, and obesity, and can
we be more precise in capturing this summative risk?
These questions and the hypothetical patients in Fig-
ures 2 and 3 highlight the importance of individu-
alized risk scoring, and a simple and concrete tool
such as the BRA score can facilitate decision making
on the part of the surgeon and management of ex-
pectations on the part of the patient.
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Estimated Risk of Complication:

Reconstructive Modality

Pedicled
Outcome Tissue : Latissimus  Microvascular
Abdominal :
Expander Flap Reconstruction
(TRAM) Flap

Overall Medical Complications! 1.08% 3,98% 1.49% 8.15%

Overall Surgical Complications? 8.16% 18.90% 13.00% 13.80%

Surgical Site Infection? 1.61% 2.61% 1.19% 2.70%

Seroma? 1.22% 2.13% 3.93% 1.84%

Dehiscence? 2.63% 9.77% 3.61% 4.46%

Flap Loss (Partial or Total)? n/a 5.40% 1.47% 5.22%

Explantation? 1,69% n/a n/a n/a

30-Day Reoperation? 3.56% 5.75% 2.61% 6.34%

! Abstracted from NSQIP data
2 Abstracted from TOPS data

Fig. 2. Risk output: healthy patient predicted probability of each complication for a 45-year-old
patient with a BMI of 19.4 (5'6” 120 Ibs), no history of smoking or diabetes, and an ASA class of 1.

Estimated Risk of Complication:

Reconstructive Modality

Pedicled
Outcome Tissue : Latissimus  Microvascular
Abdominal E
Expander Flap Reconstruction
(TRAM) Flap

Overall Medical Complications! 2.45% 8.69% 3.35% 16.91%

Overall Surgical Complications? 30.80% 53.88% 42.81% 44,51%

Surgical Site Infection’ 7.56% 11.79% 5.65% 12,16%

Seroma? 2.44% 4.22% 7.62% 3.64%

Dehiscence? 13.44% 38.39% 17.73% 21.18%

Flap Loss (Partial or Total)? n/a 27.69% 9.12% 26.97%

Explantation? 9.61% n/a n/a n/a

30-Day Reoperation’ 10.46% 16.19% 7.82% 17.65%

! Abstracted from NSQIP data
2 Abstracted from TOPS data

Fig. 3. Risk output: ill patient predicted probability of each complication for a 70-year-old pa-
tient with a BMI of 32.3 (5°6” 200 Ibs), a history of diabetes and smoking, and an ASA class of 3.
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The individual risk calculator based on the NSQ-
IP database has strengths and weakness, and the
TOPS database complements some of the weakness-
es by providing surgical complications of particular
interest to plastic and reconstructive surgeons. The
TOPS database offers more granular complication
data, including complications of particular inter-
est to plastic and reconstructive surgeons. To our
knowledge, this is one of the largest studies to ex-
amine surgical outcomes in breast reconstruction
and the first study to provide a risk calculator for
many of these surgical complications. The current
analysis used 4439 patients from the TOPS database
to augment the BRA score with a calculator for se-
roma, dehiscence, SSI, flap failure, explantation,
and reoperation, as depicted in Figures 1-3. Aver-
age risk of each surgical complication in the overall
cohort is displayed in Table 3. When comparing the
TOPS rates with those of previous studies, the inci-
dence of each complication was similar.®*® The rates
of SSI, reoperation, and dehiscence, 3 variables also
tracked in NSQIP, were comparable to past studies
using that database.’”*%*” There was some variation
between procedure type, in keeping with recent lit-
erature.”'*27% More telling, though, is the wide
range of predicted risk. The mean probability of
each complication lies in the midst of a broad distri-
bution of predicted probabilities. Table 3 provides
a numeric summary of the range for each, along
with the mean probabilities (baseline incidence)
for comparison. Although population-based means
have an important role in benchmarking outcomes
for cross-institutional comparison, it is clear that
they grossly over- or underestimate risks for an indi-
vidual patient. The range of predicted probabilities
implies that most patients have their risk overesti-
mated by the mean, whereas the outliers with the
highest risk have their risk underestimated. For ex-
ample, the rate of flap failure was 7.0% overall in
the autologous cohort. Were this reported to a rela-
tively young and healthy individual, it may be up to
a 6-fold overestimate of her actual risk (minimum
predicted probability was 1.2%). Conversely, were it
reported to a relatively elderly and ill patient, it may
be up to a 25-fold underestimate of her actual risk
(maximum predicted probability was 50.6%).

There are some limitations to the BRA score and
the TOPS database that need to be addressed. First,
although TOPS has significant complication data
that were previously unavailable in this magnitude,
no large registry can capture all variables of interest
to the specific procedures it tracks. For example, ra-
diotherapy, hypertension, and surgeon experience
would have made useful additions to the models, as
they have been shown to alter risk of adverse out-

comes in the context of both prosthetic and au-
tologous breast reconstruction.”*-?" Additionally,
TOPS database classification precludes more spe-
cific classification of each reconstruction (eg, deep
inferior epigastric perforator vs muscle-sparing
TRAM) and control for mastectomy type. The BRA
score was created with the goal of continuous im-
provement and developed to be easily modifiable,
and any more granular information can be incorpo-
rated as it becomes available. Another limitation is
the 30-day time course over which complications are
tracked. While explantation and reoperation are 2
complications that may occur after this window, the
authors feel that they remain adequately captured,
particularly in the setting of emerging penalties for
complications within this window. Finally, although
these models were shown to be internally valid using
the database from which they were derived, the ulti-
mate test of their usefulness in clinical practice will
come from analyzing their predictive power in other
cohorts, a study that is currently under way.

Surgical complications lead to significant excess-
es in healthcare costs, length of hospital stay, and
patient morbidity.>*® Furthermore, hospital penal-
ties for readmission, a common endpoint of many of
these complications, are already in effect.”” For most
patients, the risk is small. However, it is the outliers
with high comorbidity burden for whom these calcu-
lators have the greatest clinical significance, allowing
them to be identified and managed appropriately.
The current analysis successfully used the robust co-
hort in the TOPS database to build on the previous
BRA score with an individualized risk calculator for
surgical complications: seroma, dehiscence, SSI, flap
failure, explantation, and reoperation.

CONCLUSIONS

Management of expectations and honest, frank
discussions of risk are a central tenet of the dialogue
between patient and surgeon. The BRA score gener-
ated from the TOPS database follows the new and
developing trend of moving beyond population-
based metrics to a more individualized and quantita-
tive discourse of risk and benefit. With the increasing
emphasis on evidence-based medicine and quality
measures, such individualized risk analysis can facili-
tate a better-informed discussion for our breast re-
construction patients.

John Y. S. Kim, MD

Division of Plastic and Reconstructive Surgery
Northwestern University Feinberg School of Medicine
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Chicago, IL 60611
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