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Background: Skin-to-skin operative time (OT) as a risk factor for adverse postop-
erative outcomes in microvascular breast reconstruction has not been thoroughly
investigated. This study evaluates OT’s impact on length of stay (LOS), overall
morbidity, individual complications, and unplanned reoperation (UR) in deep
inferior epigastric artery perforator (DIEP) flaps, with a primary objective of iden-
tifying a clinically relevant time of decreased odds.

Methods: Patients who underwent bilateral DIEP flaps from 2010 to 2021 by two
senior surgeons (N.T.H. and S.S.T.) with standardized surgical and postoperative
protocols were retrospectively reviewed. One thousand flaps (500 patients) were
analyzed with extensive multivariate regression equations to adjust for potential
confounders, including intraoperative complexity. The odds of postoperative com-
plication, extended LOS (eL.OS, defined as 25 days) were compared across OT per
hour and OT intervals.

Results: After risk-adjustment, each hour of OT increased morbidity by 19%, UR
by 8.7%, and LOS by 6.5 hours (all P< 0.001). For eLOS, procedures <5 hours had
9.5 times lower odds than 25 hours (P = 0.050), 5-7 hours had comparable odds
(P=0.540), and 7-9 hours had 5.5 times lower odds than procedures = 9 hours (P
< 0.001). Last, a multivariate linear regression showed that LOS can be calculated
from OT: LOS (days) =1.527+0.272 x OT (hours) (R?*=0.308; P< 0.001).
Conclusions: OT (per hour) independently predicts morbidity, UR and LOS in
DIEP flaps. Furthermore, 5 and 9 hours are critical cutoffs for eLOS. These find-
ings emphasize the benefits of decreasing OT through efficiency models, such as
process analysis, team-based intraoperative protocols, and co-surgery model. (Plast
Reconstr Surg Glob Open 2022; 10:e4713; doi: 10.1097/GOX.0000000000004713;
Published online 23 December 2022.)

INTRODUCTION
The impact of operative time (OT) on postoperative
complications is especially relevant to complex recon-
structive procedures as they are often inherently lengthy.
Previously, 3, 6, and 6.77 hours'? were suggested as criti-
cal periods beyond which morbidity was significantly
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increased. These prior studies included a broad range of
plastic surgery procedures, most of which lack the com-
plexity inherent to microsurgical breast reconstruction.
Currently, many regard the deep inferior epigastric
perforator (DIEP) flap as the gold standard of autolo-
gous breast reconstruction, and in recent years, this pro-
cedure has rapidly grown in popularity. In 2018, DIEP
flaps accounted for 9% of all breast reconstructions”
compared to 17% in 2020." Despite the increased recov-
ery and OT, patients undergoing autologous reconstruc-
tion have higher satisfaction with overall well-being and
breast outcomes, as well as sexual and psychosocial well-
being when compared to implant-based reconstruction.”
Improving the postoperative course of autologous breast
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reconstruction through identifying critical surgical vari-
ables is crucial to advancing breast reconstruction out-
comes and improving satisfaction in an increasingly large
patient population seeking natural, permanent, and dura-
ble reconstruction.

Our study aims to provide a better understanding of
the impact of procedure duration in microsurgical breast
reconstruction. Specifically, the goal is to identify the rela-
tionship between OT and postoperative morbidity and
LOS, and as a result, provide general clinical guidelines
for OT management in DIEP flaps. We hypothesized that
longer OT in DIEP flaps will be independently associated
with increased rate and odds of adverse postoperative
events.

PATIENTS AND METHODS

A retrospective review of all patients treated with bilat-
eral DIEP flaps performed by the two senior surgeons
(N.T.H. and S.S.T.) at our university hospital from January
2010 to October 2021 was performed. A total of 1176 flaps
(588 patients) were identified. One hundred seventy-six
flaps (88 patients) were excluded secondary to missing
any covariates measuring intraoperative complexity (eg,
perforator variables) necessary for risk adjustment, leav-
ing 1000 flaps (500 patients) for analysis. Strict inclusion/
exclusion criteria were applied before statistical analysis,
including a minimum follow-up time of 3 months.*"
Exclusion criteria included patients receiving bilateral
DIEPs with any missing covariate, unilateral procedures,
conjoined and stacked flaps, profunda artery perforator
(PAP) flaps, lumbar artery perforator (LAP) flaps, and all
other forms of breast reconstruction. Data were recorded
from the medical record. Postoperative complications
included all complications after DIEP flap reconstruction.
We categorized complications into three types: requiring
(1) outpatient treatment; (2) treatment requiring read-
mission; and (3) unplanned hospital course treatment.
The odds of fat necrosis which takes substantially longer
to develop and blood transfusion which did not fit into
our classification of complications were calculated indi-
vidually. OT was defined as skin incision to closure time of
only the reconstruction (exclusive of the duration of the
mastectomy). Occurrences of all adverse outcomes were
calculated per patient and flap-site complications were
calculated per patient. The demographics, comorbidi-
ties, surgical factors, LOS, unplanned reoperation (UR)
during the hospital course (UR), and postoperative com-
plications were assessed. [See table, Supplemental Digital
Content 1, which displays how *fat necrosis was defined as
a palpable, distinct mass larger than 1 centimeter on phys-
ical examination or imaging that was present 6 or more
weeks postoperatively. **OT is defined as skin incision
to skin closure of only the DIEP flap reconstruction (not
inclusive of the duration of the mastectomy). ***Mixed
reconstruction refers to an asymmetrical reconstruction
with a combination of immediate, delayed-immediate,
and delayed timing (eg, delayed right breast and imme-
diate-delayed left breast). ****Perforators were catego-
rized into 5 sizes: diminutive (<1.0mm), small (1.0mm),
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Takeaways

Question: How does operative time impact outcomes in
bilateral DIEP flap breast reconstruction?

Findings: One thousand DIEP flaps performed with stan-
dardized intraoperative and postoperative protocols were
analyzed with extensive multivariate regression equations
to adjust for potential confounders, including intraop-
erative complexity. After risk-adjustment, each hour of
operative time increased morbidity by 19.0%, unplanned
reoperation by 8.7%, and length of hospital stay (LOS) by
6.5 hours (all P< 0.001). A multivariate linear regression
showed that each additional 3.7 hours of operative time
predicted a 1-day increase in LOS.

Meaning: Hours of operative time in DIEP flap breast
reconstruction independently predicts postoperative
complications, length of hospital stay, and unplanned
reoperation.

medium (1.5mm), large (2.0mm), and giant (>2.0mm),
http://links.lww.com/PRSGO/C309.]

Statistical Analysis

Summary statistics were reported using median and/
or mean + SD for continuous variables and using percent-
ages for categorical variables. For all statistical tests, sig-
nificance was defined as a P value less than or equal to
0.050. Statistical analyses were performed using IBM SPSS
Version 24 (IBM Corp., Armonk, N.Y.) software.

Operations were grouped into those with and without
complications to determine OTs associated with specific
complications and analyzed with Mann-Whitney U tests.
For analysis of OT as time intervals, subjects were split into
quartiles, which were rounded to the nearest hour. The
Kruskal-Wallis nonparametric analysis of variance was
conducted for continuous variables, and Fisher exact or
%2 test was used as appropriate for nominal variables.

Multivariate analyses were utilized to adjust for possible
confounders. The demographic, comorbid, and surgical
covariates were first entered into univariable logistic regres-
sions to calculate an odds ratio with a 95% confidence
interval (CI) for overall, flap-site, donorsite, and medical
complications as well as fat necrosis and blood transfusion.
For LOS, a linear regression analysis was also conducted
with the same variables to calculate a correlation coef-
ficient, R? (ie, variance), and constant. Covariates with a
value of P <0.15 in univariable regression were included
in the multivariable regression model. Independent risk
factors were identified, and corresponding odds ratios
(ORs) and 95% CI were calculated with risk-adjusted
logistic regressions. For the logistic regression of OT inter-
vals, a Helmert contrast, which compares each interval to
the mean of the subsequent levels, was used. To identify
a critical time associated with increased overall complica-
tion, extended LOS (eLOS), and UR odds were compared
amongst OT intervals. The cutoff time was defined as the
OT beyond which odds for adverse postoperative outcomes
significantly increase. Cases above and below each cutoff
were compared for each interested outcome. Additionally,
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Table 1. Average OT of Complication (Complications vs OT)

Occurrence (OT, No Occurrence

Outcome h, mean + SD) (OT, h, mean + SD) P

eLOS (25 d) 10.36+3.63 6.46+2.34 <0.001

UR 8.26+3.24 7.18+3.05 0.048

Overall complica- 8.07+3.19 6.97+2.99 <0.001
tion (any)

Flap-site compli- 8.63+3.67 6.90+2.80 <0.001
cation (any)

Breast fat necro- 8.59+3.97 7.10+2.93 0.014
sis

Donor-site com- 8.07+3.19 6.97+2.99 <0.001
plication (any)

Abdominal fat 7.91+2.97 7.21+3.07 0.221
necrosis

Medical compli- 7.27+3.06 6.87+3.21 0.027
cation (any)

Blood transfusion 8.77+2.72 7.18+3.07 0.006

All adverse postoperative outcomes were entered into Mann—-Whitney U tests.
Values in boldface are statistically significant.

the ORs of adverse postoperative outcomes per hour of
OT were calculated (eg, donorssite morbidity per hour).
Furthermore, LOS was analyzed by a risk-adjusted linear
regression. The correlation coefficient, variance (ie, R?),
and constant were calculated; an analysis of variance of the
regression with a Pvalue less than or equal to 0.05 was con-
sidered statistically significant.

RESULTS

Cohort Characteristics/Patient Population

The cohort characteristics and patient outcomes
are presented in table, Supplemental Digital Content 1
(http://links.lww.com/PRSGO/C309). The mean + SD
and median of OT were 7.2+3.1 and 6.7 hours, respec-
tively. The mean + SD and median of LOS were 3.5+1.5
and 3 days, respectively.

Univariate Analyses

Table 1 depicts the average OT when a complication
occurs. Procedures with and without complications had
an average of 8.07+3.19 and 6.97+2.80 hours (P< 0.001),
respectively. Generally, longer procedures were signifi-
cantly associated with adverse outcomes. eLOS had the
largest difference in mean operating time (6.46 versus
10.36 hours; P< 0.001).

Table 2 shows the distribution of demographics and
comorbidities across time intervals. The groups were cre-
ated by rounding the 25th percentile, 50th percentile, and
75th percentile of OT (ie, 4.92, 6.70, and 8.88 hours) to the
nearest hour (ie, 5, 7, and 9 hours) for ease of use as an
easy-to-follow guideline for OT (Fig. 1). The patient popu-
lations of the four groups were similar, between 24% and
26% of the total population. The distribution of BMI, recon-
struction timing, umbilicus removal, microsurgeon experi-
ence, number of perforators, and all perforators being on
the same row were found to be statistically significant (all
P <0.050). All other variables had no significant difference
across intervals. A multivariable analysis was conducted to
adjust for potential confounders.

Univariate analysis of adverse postoperative outcomes
amongst time intervals of OT is presented in Table 3. eLOS,
UR, overall complications, flap-site complications, donor-
site complications, breast fat necrosis, and blood transfu-
sion were significantly associated with time intervals (all P
< 0.05); however, the occurrence of UR and abdominal fat
necrosis was not (both P> 0.05). Last, the distribution of OT
across time intervals was statistically significant (P< 0.001).

Multivariate Regression Analyses

The odds of adverse postoperative outcomes were
assessed with multivariate logistic regressions with
Helmert contrast (Table 4). After risk-adjustment, over-
all complications varied based on OT interval but did not
reach statistical significance: reconstructions less than 5
hours had 23.5% occurrence with 1.5 times reduced odds
compared to procedures longer than 5 hours which had
45.7% occurrence (P = 0.200). Procedures lasting 5-7
hours had 1.2 times lower odds than procedures lasting
7 hours or longer (P = 0.540), and procedures 7-9 hours
had 1.3 times lower odds than operations 9 hours or lon-
ger (P=0.510). For eLLOS, procedures 5 hours or less had
3.8% occurrence with 9.5 times lower odds than proce-
dures 5 hours or longer, which had 25.8% occurrence (P=
0.050). Significance was lost when comparing 5- to 7-hour
procedures to procedures 7 hours or longer (P = 0.560).
Significance was reached again with procedures 7-9
hours, which had 5.5 times lower odds than procedures 9
hours or longer (P < 0.001). For UR, procedures 5 hours
or less, 5—7 hours, 7-9 hours, and 9 hours or longer varied
in odds of occurrence but did not reach significance (all P
> 0.05). Reconstructions 5 hours or less (which had 3.8%
occurrence) were 40% less likely than procedures longer
than 5 hours (which had 7.6% occurrence) to have UR (P
= 0.39). Reconstructions 5-7 hours were 43% less likely
than cases longer than 7 hours to have UR (P = 0.33).
Reconstructions 7-9 hours were 66% less likely than cases
longer than 9 hours to have UR (P=0.13).

Every hour of OT increased overall complication,
eLOS, and UR by 19.2%, 58.5%, and 9.0% (all P=0.028),
respectively (Table 5). Flap-site complication, donor-site
complication, flap compromise, flap loss, blood transfu-
sion, breast wound, abdominal wound, breast fat necrosis,
and abdominal fat necrosis also significantly increased in
odds per hour (all P<0.05).

The risk-adjusted linear regression equation [LOS
(days) = 1.572+0.272 x OT (hours); P < 0.001; R* =
0.30.8)] explained 30.8% of the variance and predicted
that every hour of OT increases the LOS by 6.53 hours (P
<0.001) (Fig. 2). Furthermore, every 3.68 hours of opera-
tion increases LOS by one day (P< 0.001).

Respectively, Figures 3 and 4 depict the predicted
probabilities for overall complication and eLOS with
increasing OT.

DISCUSSION
In the current era, microsurgical breast reconstruction
requires reduction in postoperative morbidity and bal-
ancing aesthetic results with achieving optimal operative
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OT Interval (h) <5h 5-7,h 7-9,h 29, h P
n = patient (%) n =132 (26.4%) n =130 (26%) n=119 (23.8%) n=119 (23.8%)
Age (y) 51.33+8.95 50.88+10.25 50.61+9.49 49.38+8.74 0.546*
Body mass index (kg/m?) 29.81+5.19 30.15+5.11 32.25+5.56 31.28+5.19 <0.001*
Race (%) 0.066+
Asian 0.8 5.4 3.4 3.4
Black 12.9 10 24 4 15.1
Hispanic 8.3 13.8 6.7 11.8
Other 8.3 4.6 5.9 5.9
White 69.7 66.2 59.7 63.9
Smoking (%) 0.635+
Current 0.8 2.3 3.4 1.7
Former 21.2 20.8 25.2 26.9
Never 78 76.9 71.4 71.4
Hypertension (%) 22.7 24.6 31.9 35.3 0.089+
Diabetes (%) 5.3 9.2 11.8 10.1 0.322+
History of abdominal 73.5 70.8 78.2 73.1 0.611+
surgery (%)
Autoimmune (%) 5.3 8.5 5 7.6 0.628+
Radiation (%) 38.6 38.5 42.9 42 0.849+
Neoadjuvant chemotherapy (%) 33.3 30.8 32.8 26.9 0.693F
Adjuvant chemotherapy (%) 25 31.5 27.7 25.2 0.616+
Reconstruction timing (%) <0.0017%
Immediate 9.8 10.8 17.6 42
Delayed-Immediate 78.8 74.6 68.1 36.1
Delayed 7.6 12.3 10.9 18.5
Mixed 3.8 2.3 3.4 34
Umbilicus removal (%) 64.4 30.8 23.5 7.6 <0.001F
Microsurgeon experience (%) <0.0017%
2010-2015 0.8 9.2 45.4 80.7
2016-2021 99.2 90.8 54.6 19.3
Breast arterial revision 8.3/7.6 6.2/10.8 11.8/7.6 12.6/13.4 0.272/0.342+
(L/R) (%)
Breast venous revision 0.8/1.5 3.1/2.3 4.2/2.5 5.9/1.7 0.150/0.930+
(L/R) (%)
Breast perforator number (L/R)  1.73+0.82/1.85+0.80 2.05+0.89 2.03+1.00/2.07+0.93 2.10+£1.00/2.28+1.09  0.008/0.012*
/1.95+£0.96
Breast perforators on the same 13.6/12.9 30.0/26.2 29.4/34.5 26.1/31.1 0.007/<0.001+

row (L/R) (%)
Breast perforator average size cat-
egory (mm) (L/R) (median)

Medium (1.5)/
Medium (1.5)

Medium (1.5)/

Medium (1.5)

Medium (1.5)/
Medium (1.5)

Medium (1.5)/
Medium (1.5)

0.351/0.713+

Covariate profiles were compared across OT intervals. All covariates were first entered into univariable regressions to calculate an odds ratio and 95% CI for each
adverse outcome; covariates with P< 0.15 were included in all multivariate regressions for risk-adjustment with OT interval, cutoff, and per hour analysis. Bold =

statistically significant.
*Kruskal-Wallis H
X2 test

{Fisher exact test

20

15

Operative Time (cut to closure, h)
10

—

—

5-7 7-9
Operative Time Intervals (h)

Fig. 1. Bilateral DIEP flap reconstructions lasted between 1.78 and 20.48 hours, with a median time of
6.70 hours. Patients were stratified into four equal quartiles based upon OT, which were then rounded

to the nearest hour.
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Table 3. Univariate Analysis of OT Intervals (Quartiles Rounded to Nearest Hour)

OT Interval (h) <5 57 79 >9 P
Patients (%) n =152 (26.4%) n =130 (26.0) n=119 (23.8) n=119 (23.8)
OT (Mean + SD, h) 3.96+0.71 5.98+0.54 7.94+0.58 11.56+2.35 <0.001*
Outcome Occurrence (%) Occurrence (%) Occurrence (%) Occurrence (%) P
eLOS (25 d) (%) ; . X 47.1 <0.0017
UR (%) 3.8 5.4 10.9 6.7 0.134+
Overall complications (%) 23.5 36.2 47.1 54.6 <0.001+
Flap-site complications (%) 14.4 10 26.1 30.3 <0.001+
Breast fat necrosis 5.3 7.7 10.1 14.3 0.0907
Donor-site complications(%) 15.2 21.5 27.7 34.5 0.003+
Abdominal fat necrosis (%) 3 1.5 6.7 5 0.171+
Medical complication (%) 5 8.3 10.8 5.9 0.312+
Blood transfusion (%) 0 3. 9.2 3.4 0.0021

Overall morbidity, eLOS, UR, flap-site complications, donor-site complications, medical complications, and many individual complications were significantly associ-
ated with higher OT with univariate analysis. Bold = statistically significant.

*Kruskal-Wallis H

T2 test

{Fisher exact test

Table 4. Risk-adjusted Comparisons of OT Intervals

Overall Complication (Helmert Contrast)

OT Category (h) Occurrence (%) OR (95% Confidence Interval) P
1 (<5) 23.5 0.689 (0.388-1.395) 0.2
2 (5-7) 45.7 0.830 (0.460-1.498) 0.54
3 (7-9) 0.7743 (0.359-1.6676) 0.51
4 (29) Reference only

eL.OS (25 d) (Helmert Contrast)
1 (<5) 3.8 0.1051 (0.0108-0.9696) 0.05
2 (5-7) 25.8 0.7705 (0.3187-1.8627) 0.56
3 (7-9) 0.1834 (0.060-0.5594) <0.001
4 (29) Reference only

UR (Helmert Contrast)
1 (<5) 3.8 0.601 (0.189-1.912) 0.39
2 (5-7) 7.6 0.573 (0.188-1.742) 0.33
3 (7-9) 0.3355 (0.0813-1.3833) 0.13
4 (29) Reference only

After risk-adjustment with demographic, intraoperative, and perforator covariates, there was a statistically significant stepwise increase in risk of eLOS by time inter-
vals (ie, OT quartiles rounded to the nearest hour) but not with overall complication. Helmert contrast compared each OT interval to the mean of the subsequent
intervals as the reference value. Bold = statistically significant.

such as a variety of conjoined and stacked flaps, PAP flaps,

Table 5. Risk-adjusted Outcomes Per Hour of OT and LAP flaps.'**!

OR (95% For clinical relevancy, we divided the cohort into
Outcome Confidence Interval) P four groups based on quartile OT values rounded
eLOS (25 d) 1.585 (1.443-1.766) <0.001 to the nearest hour. This resulted in four-time inter-
IOJR( I e 1105158; E??;g—%g%; <888% vals that were similar in size (each between 23% and

vera. comp 1cation . . —1. <U. . . .

Flap-site complication 1.187 (1.108-1.273) <0001  27% of the total population). Univariate assessment
Breast wound 1.0879 (1.002-1.178) <0.0001 revealed strong associations between OT intervals and
Flap compromise 1.101 (0.970-1.236) <0.001 complication occurrence. Multivariate regression was
Flap loss 1.091 (0.8597-1.3256) <0.001 o [

Breast fat necrosis 1.146 (1.146-1.250) <0.001 additionally utilized to help decrease the effect of con-

D(X]l;)(;sm': colmpliczgion }H; 88;(7)—}}83; <888} founders.""* We included measures of intraoperative

ominal woun . . —1. <U. : .

Abdominal fat necrosis 1.069 (0.928-1.213) <0001 complexity (eg, perforator variables and anastomoses

Medical complication 1.150 (1.008-1.300) <0.001 revision) and microsurgeon experience for more rigor-
Pulmonary embolism 1.143 (0.8993-1.3941) <0.001 ous risk adjustment than previous studies on the topic.

Blood transfusion 1.149 (1.007-1.297) <0.001

Previous authors showed that every year of practice
increased the success of free flaps rather than volume,*
and hence, we used the year of surgery as a surrogate for
microsurgeon experience and proficiency. Although
complications in autologous breast reconstruction
are often reported per flap, we only reported per
patient complication rates as they are more clinically
relevant.

After risk-adjustment with demographic, intraoperative, and perforator covari-
ates, the risk of morbidity, donorsite complication, medical complication,
blood transfusion, fat necrosis, wound, UR, and eLOS significantly increase
per hour of operation. Multivariate logistic regressions controlling for demo-
graphics, comorbidities, and surgical factors were conducted.

efficiency in addition to high flap success. Our group con-
tinues to focus on refinements and optimization of DIEP

flap breast reconstruction, which remains the cornerstone
of autologous breast reconstruction in our practice. In par-
allel, this has gradually permitted us to expand our autolo-
gous breast reconstruction practice to offering other flaps

Previously, 3, 6, and 6.77 hours have been designated
as cutoff values for increased morbidity in plastic sur-
gery.* However, none of the previous literature exclu-
sively evaluated breast free flap reconstruction or only

5
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Fig. 2. A multivariate linear regression revealed that LOS can be estimated from OT in DIEP flaps from
the equation: LOS (days) =1.527+0.272 x OT (hours) (R? = 0.308; P < 0.001). LOS ranged from 1 to 11
days, with a median of 3 days. The Durbin-Watson score of 1.540 showed that the residuals were inde-
pendent. Furthermore, the residual plots were normally distributed with homoscedasticity. Dots repre-
sent observed outcomes and the blue line and gray shading represent predicted outcomes.
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Fig. 3. Predicted probabilities calculated from multivariate logistic regression for any complication with
increased OT. Dots represent observed outcomes and the blue line and gray shading represent pre-

dicted outcomes.

DIEP flaps. These previous studies have included medi-
cal complications (eg, cardiovascular, renal, and pulmo-
nary) and surgical complications (eg, infection, erythema,
necrosis, seroma, and hematoma). Although these abso-
lute cutoffs are useful information, microvascular breast
reconstruction has unique differences both intraopera-
tively and postoperatively. In a study on plastic surgery
procedures, it has been demonstrated that when autolo-
gous breast reconstruction took longer than 6.77 hours, it
doubled the odds of complications." This study included

6

various forms of free flap and pedicled flap breast recon-
structions which have obviously different OTs and compli-
cation profiles. As discussed by the authors, the inherent
complexity between widely different procedures could be
the true cause of the increase in morbidity.! Our study is
more specific in analysis of the current standard in autolo-
gous breast reconstruction. Additionally, we limited our
data to only bilateral breast reconstruction and included
risk-adjustment for measures of intraoperative complex-
ity (eg, perforator variables and anastomoses revision) in
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Fig. 4. Predicted probabilities calculated from multivariate logistic regression for eLOS with increas-
ing OT. Dots represent observed outcomes and the blue line and gray shading represent predicted

outcomes.

addition to demographic variables to further standardize
our analysis of outcomes.

With univariate analysis, we found significant associa-
tions with OT intervals (ie, <5, 5-7, 7-9, and =9 hours) and
overall morbidity and eLLOS, commonly defined as more
than 5 days in free flap breast reconstruction,”* (both P
< 0.05) but not with UR (P> 0.05). After risk-adjustment
with multivariate logistic regressions including operative,
perforator, and demographic variables, significance was
lost with overall morbidity. These results suggest that in
bilateral DIEP flap reconstructions overall complication
and UR lack critical OT cutoffs, unlike studies on general
cosmetic and reconstructive surgery."? Others have dem-
onstrated a similar loss of significance when comparing
anesthesia time intervals (ie, quintiles) to complications
after free flap reconstructions.”'

Interestingly, the odds of eLOS was significantly less
when comparing procedures 5 hours or less to those lon-
ger than 5 hours (OR 0.11; P= 0.050) but not when com-
paring 5- to 7-hour procedures to procedures 7 hours or
longer (P = 0.56). Reconstructions lasting 7-9 hours also
had significantly lower odds of eLLOS than procedures
9 hours or longer (OR 0.18; P < 0.001). These findings
suggest that with respect to eLOS, procedures less than
5 hours are the most ideal and that there exists two criti-
cal OT points beyond which odds significantly increase: 5
hours and 9 hours. Others have shown similar trends with
eLOS more likely after free flap breast reconstructions
longer than 500 minutes (8.3 hours); this is derived from
a national dataset and has inherent significant variability
harder to control than in the current study.

Even after extensive risk-adjustment, we found a 19%
increase in morbidity per hour of surgery in bilateral DIEP
flaps (P<0.001). Studies on general plastic surgery and tissue
expander reconstruction report similar findings with a 22%
and 26% rise in odds of morbidity per hour of operation,

respectively."*” The significance of this cannot be overstated
since microvascular procedures typically take longer than
other plastic surgery procedures. Our results showed that
odds of UR, eLLOS, donorsite complications, medical com-
plications, flap-site complications, fat necrosis, blood trans-
fusion, flap compromise, and flap loss significantly increase
per hour of OT in DIEP flap reconstructions, supporting the
findings of previous free flap literature.******2% Although
eLLOS is significantly associated with both per hour and OT
intervals, our results suggest that postoperative morbidity
and UR with DIEP flap reconstructions increases per hour
of OT rather than OT intervals after adjusting for intraop-
erative, perforator, and demographic variables. Overall, it
appears OT per hour is a more universal predictor of adverse
postoperative outcomes (ie, eLOS, UR, and complication
occurrence) compared to OT cutoffs and intervals.

We demonstrated that in DIEP flaps, an estimated
LOS can be calculated from OT with a multivariate lin-
ear regression equation: LOS (days) =1.527+0.272 x OT
(hours) (R?=0.308; P< 0.001). Another published study
also demonstrated a linear relationship between OT and
LOS in free flap breast reconstruction: LOS (days) =
2.559+0.180 x OT (in hours) (P< 0.0005),* but included
all forms of autologous breast reconstructions. However,
their equation only accounted for 6.3% of the variation
in OT (our current study accounts for 30.8% of the varia-
tion). Their correlation coefficient (0.180) and constant
(2.559 days) varied by greater than 50% compared to ours.
These differences could be attributable to our inclusion of
only DIEP flaps, implementation of Enhanced Recovery
After Surgery (ERAS) protocol, and different covariates
utilized in risk adjustment.

Given that OT is an independent predictor of adverse
outcomes, increasing operative efficiency to reduce OT
can improve patient outcomes in DIEP flaps and even
other free flap breast reconstruction. Rigorous process
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analysis of critical maneuvers, identifying inefficient
operative steps, and a team-based approach have been
shown to significantly reduce OT.”=** A co-surgery attend-
ing model has also been demonstrated to decrease OT,
postoperative morbidity, and LOS.** Additionally, utilizing
preoperative imaging, such as computerized tomography
angiography, has been shown to decrease the duration of
operative steps, specifically with perforator identification
and decision making.”

This is the first paper identifying OT as an inde-
pendent predictor of LOS, UR, and complications in
bilateral DIEP flap breast reconstruction. We have dem-
onstrated that every hour of OT (rather than specific OT
cutoffs and intervals) increases UR occurrence and post-
operative morbidity. LOS can be estimated from OT per
hour. eLOS significantly increased with both OT inter-
vals and per hour. With eLLOS, procedures less than 5
hours are most ideal with reducing risk, and procedures
beyond 9 hours have the highest risk. This study illus-
trates our evolution towards standardizing intraopera-
tive and postoperative protocols in an effort to decrease
complications. The senior authors adopted their co-sur-
gery model in 2011,”* ERAS protocol halfway through
2017, and intraoperative liposomal bupivacaine blocks
in 2018.% Furthermore, rigorous risk adjustment for
the impact of perforator data, intraoperative complex-
ity, microsurgeon experience, and demographic vari-
ables strengthens the applicability of the results. Prior
database studies on similar topics were substantially less
standardized, extensive with their covariates used for risk-
adjustment, and inclusive of postoperative complications
specific to free flap breast reconstruction. However, the
current study has several limitations: the study was retro-
spective in analysis, and although controlling for covari-
ates through multivariate analysis reduces the impact of
potential confounders, it does not completely eliminate
them. Additionally, we did not adjust for socioeconomic
status which has been linked to longer OTs.””*® Finally,
since this is a study of patients from two surgeons with
standardized protocols, the results may not be generaliz-
able to other practices.

CONCLUSIONS
OT is an independent determinant of postoperative
complications, LOS, and UR, indicating its importance
beyond efficiency. We believe that implementing proto-
cols to safely and effectively reduce OT will yield improved
outcomes in DIEP flap breast reconstruction.
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