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Does age or frailty have more predictive effect on outcomes following pedicled
flap reconstruction? An analysis of 44,986 cases†
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ABSTRACT
The elderly population in the United States is expanding rapidly, and with advancements in modern medi-
cine, the number of elderly patients undergoing surgery has risen in parallel. The aim of this study was to
evaluate the effect of age and frailty on postoperative outcomes following pedicled flap reconstruction. The
2005–2016 ACS-NSQIP databases were queried to identify cases involving pedicled flaps based on CPT codes.
Demographic data and postoperative complications were assessed using Chi-square and t-tests for analysis
of categorical and continuous variables, respectively. A multivariable regression analysis was conducted to
control for confounders. A total of 44,986 cases were included in our analysis. Patients in the 70–79year age
group had the highest rates of all-cause (31.2%), mild systemic (25.3%) and severe systemic (7.4%) complica-
tions. Multivariable regression identified age as an independent risk factor for all-cause, severe systemic and
wound complications. A score of 3þ on the 5-factor modified frailty index (mFI-5) was associated with
all-cause, severe systemic and wound complications. When stratified by flap location, age was predictive of
all-cause complications for breast, trunk, upper extremity and lower extremity flaps. Finally, mFI-5 score of
3þ was identified as an independent risk factor for all-cause complications in flaps of the head and neck,
trunk and lower extremity. Although, increased age does contribute to risk of postoperative complications,
the frailty index appears to hold much stronger predictive capacity. These findings stress the importance of
optimizing preoperative comorbidities to reduce the risk of poor postoperative outcomes.
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Introduction

The United States is currently witnessing an unprecedented
expansion of its elderly population [1]. According to the US
Census Bureau, the number of individuals over the age of 65 is
expected to increase 100% by 2050 [2]. In recent decades,
advancements in anesthetic technique and postoperative care
have enabled surgeons to operate successfully on patients over
80 years of age [3–6]. Given the increased incidence of malignancy
and chronic wounds with old age [7,8], the number of patients
requiring complex reconstructive surgeries is expected to increase
accordingly [4]. Pedicled flaps are often an important component
of such reconstructions. Furthermore, compared to microvascular
free tissue transfer, pedicled flaps are generally considered to
have a shorter operative time and hospital admission [9]. Despite
these advantages, there is still considerable physiologic stress,
and therefore, potential risk, associated with these flaps. Thus,
there is strong need to assess the safety of these procedures in
elderly patients.

Numerous prior studies have shown an increase in postopera-
tive complications with advancing age [10–17]. In plastic surgery
specifically, the majority of studies have focused on the safety of
free tissue transfer in elderly patients, the results of which have
been largely inconsistent [4,7,18–29]. Overall, there is a paucity of
data regarding outcomes of elderly patients undergoing pedicled
flap reconstruction in particular.

More recently, there has been increased interest in the concept
of frailty, specifically as it relates to postoperative outcomes.
Frailty refers to the deterioration of multiple physiologic systems
that accumulates in an age-related fashion [30]. The Canadian
Study of Health and Aging used 70 risk factors to develop a frailty
index, which has been shown to predict adverse outcomes in sur-
gical patients from numerous different specialties [31,32]. This
model has been adapted for use in large national databases, such
as the American College of Surgeons National Surgical Quality
Improvement Program (ACS NSQIP) [33,34]. The most recent iter-
ation, the 5-factor modified frailty index (mFI-5), is comprised of 5
ACS NSQIP variables pertaining to perioperative risk, and has
been independently validated across multiple surgical specialties
[33–35]. Interestingly, there is evidence that frailty may actually
be a better predictor of postoperative morbidity and mortality
when compared to chronologic age [32,36]. As such, we sought
to examine the associated effect of increasing age and frailty on
postoperative outcomes following pedicled flap reconstruction
using the ACS NSQIP database.

Methods

Datasets

We conducted a retrospective analysis of the American College
of Surgeons National Surgical Quality Improvement Program
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(ACS NSQIP) database from 2005 to 2016. The ACS NSQIP is a
nationally validated, risk-adjusted, multi-institutional surgical out-
comes program that collects data on approximately 240 variables,
including demographics, preoperative co-morbidities and 30-day
postoperative outcomes from over 400 institutions nationwide
[37]. The data contained in this cohort is deidentified and
available to all institutions adhering to the ACS NSQIP data use
agreement. Methods of data collection have been previously
described [38].

Cohort selection

Patients undergoing pedicled flap procedures were identified
using Current Procedural Terminology (CPT) codes (Figure 1). Only
those CPT codes that included information regarding the location
of the pedicled flap were included to allow for stratification based
on flap location. We also reviewed all other and concurrent CPT
codes and excluded patients that underwent operations unrelated
to the flap procedure. Flaps were categorized into head and neck,
breast, trunk, upper extremity and lower extremity. For univariate
analysis, subjects were divided into age groups 18–49, 50–59,
60–69, 70–79 and �80, consistent with prior ACS NSQIP studies
[39]. Patients were excluded from the analysis if their age was
not recorded.

Variables

We collected a number of variables pertaining to patient demo-
graphics, comorbidities and perioperative risk factors. These varia-
bles include baseline health characteristics, past medical and
surgical history and American Society of Anesthesiologists physical
status. A complete list of variables and corresponding definitions
can be found on the National Surgical Quality Improvement
Program website (http://site.acsnsqip.org/). Comorbidities were
analyzed individually and subsequently combined to calculate a

5-factor modified frailty index (mFI-5) score, a composite measure
consisting of five NSQIP variables, including functional status,
diabetes, chronic obstructive pulmonary disease, congestive heart
failure and hypertension [34].

Postoperative outcomes were collected and subjected to uni-
variate analysis. We also defined several additional outcomes
measures by aggregating variables pertaining to postoperative
complications. Wound complications include superficial surgical-
site infection (SSI), deep SSI, organ/space SSI and wound dehis-
cence. Mild systemic complications include pneumonia, bleeding
requiring transfusion, DVT requiring therapy, sepsis, urinary tract
infection, renal insufficiency and unplanned return to the operat-
ing room. Severe systemic complications include pulmonary
embolism, unplanned intubation, ventilator support for greater
than 48 h, renal failure requiring dialysis, cerebrovascular accident,
cardiac arrest, myocardial infarction, septic shock and death
within 30 days. Finally, all-cause complications represent all of the
variables included in wound, mild systemic and severe systemic
complications.

Statistical analysis

Univariate analysis was performed on demographics, comorbid-
ities, perioperative risk factors and postoperative complications to
assess for unadjusted differences between the five age cohorts.
Pearson chi-square and t-tests were used to assess differences in
categorical and continuous variables, respectively. Statistical
significance was reported as p< .05. Variables with p< .05 on uni-
variate analysis were included in a multivariable binary logistic
regression with the composite adverse outcomes (all-cause com-
plications, wound complications and severe systemic complica-
tions) as the dependent variable. All statistical analyses were
performed using IBM SPSS version 24 for Windows (IBM Corp,
Armonk, NY).

Description  CPT Code  
Head and Neck   

Forehead flap with preservation of vascular pedicle (i.e., axial pattern v paramedian)  15731 
Muscle, myocutaneous, or fasciocu  23751 kcen & daeh ;palf suoenat

 54851  sisylarap laicaf rof palf elcsuM
 52504 palf lacol htiw ssenkciht lluf ,noisicxe egdew esrevsnart ;pil fo noisicxE

Excision of lip; transverse wedge excision  72504 palf pil ssorc htiw ssenkciht lluf ,
 41114 palf eugnot lacol htiw eugnot fo noisel fo noisicxE
 41156 palf suoenatucoym ro elcsum htiw tibro fo noitaretnexE

Reconstruction of eyelid, full thickness by transfer of tarsoconjunctival flap from opposing eyelid; 
up to 2/3 of eyelid, 1 stage or first stage  

67971 

 37976 egats tsrif ro egats 1 ,rewol ,dileye latoT
 47976 egats tsrif ro egats 1 ,reppu ,dileye latoT

Breast  
 16391  tnalpmi tuohtiw ,palf isrod sumissital htiw noitcurtsnocer tsaerB
 76391  elcidep elgnis ,MART htiw noitcurtsnocer tsaerB
 86391  )degrahcrepus( sisomotsana ralucsavorcim htiw MART
 96391 elcidep elbuod ,MART htiw noitcurtsnocer tsaerB

Trunk  
 07551  knurt ;elcidep debut ro tceriD
 43751 knurt ;palf suoenatucoicsaf ro ,suoenatucoym ,elcsuM

Omental flap, extra-abdominal (i.e., for reconstruction of sternal and chest wall defects) 49904 
Upper extremity   

 63751 ytimertxe reppu ;palf suoenatucoicsaf ro ,suoenatucoym ,elcsuM
Lower extremity   

 83751 ytimertxe rewol ;palf suoenatucoicsaf ro ,suoenatucoym ,elcsuM
Excision, coccygeal pressure ulcer, with  22951 erusolc palf htiw ;ymotcegyccoc
Excision, sacral pressure ulcer,  43951 erusolc palf niks htiw
Excision, ischial pressure ulcer,  44951 erusolc palf niks htiw
Excision, trochanteric pressure ul  25951 erusolc palf niks htiw ,rec

Figure 1. Current procedural terminology codes for pedicled flaps.

68 N. G. CUCCOLO ET AL.

http://site.acsnsqip.org/


Results

Demographics and operative characteristics

A total of 47,435 initial cases of pedicled flaps were identified
from the 5,608,702 cases contained within the ACS-NSQIP data-
base from 2005 to 2016 (Figure 2). Predetermined exclusion crite-
ria were then applied, which removed 2449 cases. The final study
population consisted of 44,986 cases, of which, 4588 (10.2%) were
head and neck, 8525 (19.0%) breast, 27,121 (60.3%) trunk, 591
(1.3%) upper extremity and 4161 (9.2%) lower extremity. The
mean age for five (18–49, 50–59, 60–69, 70–79 and �80 years)
cohorts was 40.2 ± 7.5, 54.6 ± 2.9, 64.3 ± 2.8, 73.7 ± 2.8 and
83.4 ± 2.6 years, respectively (p< .001), with an average age of
56.8 ± 13.6 years for the entire study population. From 2005 to
2016, the average age at the time of surgery has significantly
increased (p< .001; Figure 3). Both head and neck as well as
lower extremity flaps were progressively more frequent with
increased age (p< .001). A more detailed summary of the demo-
graphic and operative information is located in Table 1.

Comorbidities

Significant differences between the five age cohorts were noted
for all comorbidities (Table 2), with the exception of rates of pre-
operative radiotherapy. The average body mass index (BMI) for
cohorts 1–3 (30.2 ± 8.2, 30.5 ± 7.8 and 30.2 ± 7.3 kg/m2, respect-
ively) met criteria for World Health Organization class I obesity
(BMI 30.0–34.9 kg/m2). The lowest average BMI was noted in the
80þ cohort (26.9 ± 5.4 kg/m2). Both ASA classification (p< .001)
and mFI-5 score (p< .001) trended upward with increased age.
Rates of hypertension, cardiac disease and bleeding disorders
were all noted to increase from cohorts 1 to 5 (p< .001, for all
comparisons). Patients in the 80þ years cohort had the lowest
rates of smoking (5.1%, p< .001) and the shortest operative times
(186.5 ± 130.9min, p< .001).

Complications

Rates of wound, mild systemic, severe systemic and all-cause com-
plications were significantly different between the five cohorts

(p< .001 for al; Table 3). Patients in cohort 4 (70–79 years) were
noted to have the highest rates of all-cause (31.2% [n¼ 1908]),
mild systemic (25.3% [n¼ 1543]) and severe systemic (7.4%
[n¼ 449]) complications. Univariate analysis showed increased
rates of death within 30 days, myocardial infarction and stroke
with increased age (p< .001 for all three comparisons). Univariate
analysis demonstrated a progressive increase in rates of all post-
operative complications with increasing score on the mFI-5 scale
(p< .001). Figure 4 summarizes this relationship between postop-
erative complication rates and mFI-5 score.

Multivariable regression analysis

To control for confounding variables, a multivariable regression
analysis was performed for all-cause, severe systemic and wound
complications (Table 4). Age was identified as an independent
risk factor for all-cause (OR 1.015, 95% CI 1.013–1.017, p< .001),
severe systemic (OR 1.045, 95% CI 1.040–1.049, p< .001) and
wound (OR 1.003, 95% CI 1.000–1.005, p¼ .032) complications.
A score of 3 or greater on the mFI-5 was also positively associ-
ated with all-cause (OR 2.616, 95% CI 2.293–2.984, p< .001),
severe systemic (OR 3.114, 95% CI 2.599–3.731, p< .001) and
wound (OR 1.362, 95% CI 1.153–1.609, p< .001) complications.
Regression analysis for severe systemic and all-cause complica-
tions noted a stepwise increase in risk with additional mFI point
(Figure 5).

When stratified by location of pedicled flap (Table 5), age was sig-
nificantly associated with all-cause complications for breast (OR 1.010,
95% CI 1.004–1.006, p¼ .002), trunk (OR 1.014, 95% CI 1.012–1.016,
p< .001), upper extremity (OR 1.015, 95% CI 1.001–1.030, p¼ .041)
and lower extremity (OR 1.012, 95% CI 1.007–1.016, p< .001) flaps.
Age was also associated with severe complications for breast (OR
1.043, 95% CI 1.019–1.068, p< .001), trunk (OR 1.045, 95% CI
1.040–1.050, p< .001) and lower extremity (OR 1.037, 95% CI
1.025–1.050, p< .001) flaps. Multivariable analysis for wound compli-
cations within each group of flaps showed no significant association
with age.

A score of 3 or greater on the mFI-5 was predictive of all-cause
complications for head and neck (OR 2.553, 95% CI 1.597–4.081,
p< .001), trunk (OR 3.271, 95% CI 2.778–3.850, p< .001) and lower

ACS-NSQIP
Database Years

2005-201620020055 20120166
n=5,608,702

Pedicled flap cases

n=47,435

Final cohort

n=44,986

18-49 years

n=12,972

50-59 years

n=12,433

60-69 years

n=11,370

70-79 years

n=6,108

> 80 years

n=2,003

Exclusion criteria
applied

n=2,449

Figure 2. Data extraction strategy.
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extremity (OR 2.754, 95% CI 2.105–3.603, p< .001) flaps.
Additionally, mFI-5 score of 3 or greater was also associated with
severe systemic complications for head and neck (OR 4.195, 95%
CI 2.053–8.571, p< .001), trunk (OR 3.178, 95% CI 2.574–3.923,

p< .001) and lower extremity (OR 4.034, 95% CI 2.724–5.974,
p< .001) flaps. Finally, mFI-5 score of 3 or greater was predictive
of wound complications for trunk flaps (OR 1.658, 95% CI
1.363–2.017, p< .001).
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Figure 3. Average age at time of surgery by year.

Table 1. Demographics and reconstructive modality across all age groups.

18–49 years 50–59 years 60–69 years 70–79 years � 80 years p

No. of patients 12,972 12,533 11,370 6108 2003
Mean age ± SD, years 40.2±7.5 54.6±2.9 64.3±2.8 73.7±2.8 83.4±2.6 <.001
Female 8628 (66.5%) 7990 (63.8%) 6630 (58.3%) 3126 (51.2%) 994 (49.6%)
Male 4339 (33.4%) 4536 (36.2%) 4735 (41.6%) 2974 (48.7%) 1008 (50.3%)
Race <.001

White 8948 (69.0%) 9311 (74.3%) 9028 (79.4%) 4975 (81.5%) 1677 (83.7%)
Black 1613 (12.4%) 1298 (10.4%) 934 (8.2%) 380 (6.2%) 91 (4.5%)
Asian 272 (2.1%) 158 (1.3%) 126 (1.1%) 65 (1.1%) 18 (0.9%)
AI or AN 77 (0.6%) 53 (0.4%) 27 (0.2%) 8 (0.1%) 4 (0.2%)
NH or PI 27 (0.2%) 19 (0.2%) 19 (0.2%) 3 (0.0%) 2 (0.1%)
Unknown/Unreported 2035 (15.7%) 1694 (13.5%) 1236 (10.9%) 677 (11.1%) 211 (10.5%)

Admission year <.001
2016 2156 (16.6%) 2154 (17.2%) 2154 (18.9%) 1191 (19.5%) 383 (19.1%)
2015 1928 (14.9%) 1967 (15.7%) 1963 (17.3%) 1048 (17.2%) 349 (17.4%)
2014 1824 (14.1%) 1858 (14.8%) 1622 (14.3%) 897 (14.7%) 323 (16.1%)
2013 1543 (11.9%) 1539 (12.3%) 1472 (12.9%) 788 (12.9%) 228 (11.4%)
2012 1335 (10.3%) 1248 (10.0%) 1185 (10.4%) 623 (10.2%) 195 (9.7%)
2011 1256 (9.7%) 1168 (9.3%) 1004 (8.8%) 555 (9.1%) 182 (9.1%)
2010 840 (6.5%) 824 (6.6%) 698 (6.1%) 387 (6.3%) 137 (6.8%)
2009 711 (5.5%) 598 (4.8%) 470 (4.1%) 244 (4.0%) 82 (4.1%)
2008 599 (4.6%) 502 (4.0%) 380 (3.3%) 157 (2.6%) 66 (3.3%)
2007 424 (3.3%) 372 (3.0%) 254 (2.2%) 126 (2.1%) 36 (1.8%)
2005–2006 356 (2.7%) 303 (2.4%) 168 (1.5%) 92 (1.5%) 22 (1.1%)

Surgical specialty <.001
Cardiac 4 (0.0%) 6 (0.0%) 8 (0.1%) 8 (0.1%) 3 (0.1%)
General surgery 7800 (60.1%) 7528 (60.1%) 6615 (58.2%) 3333 (54.6%) 841 (42.0%)
Gynecology 63 (0.5%) 68 (0.5%) 61 (0.5%) 38 (0.6%) 17 (0.8%)
Neurosurgery 167 (1.3%) 125 (1.0%) 152 (1.3%) 102 (1.7%) 23 (1.1%)
Orthopedics 230 (1.8%) 201 (1.6%) 191 (1.7%) 109 (1.8%) 30 (1.5%)
Otolaryngology 479 (3.7%) 711 (5.7%) 898 (7.9%) 665 (10.9%) 373 (18.6%)
Plastics 3756 (29.0%) 3267 (26.1%) 2562 (22.5%) 1240 (20.3%) 502 (25.1%)
Thoracic 237 (1.8%) 270 (2.2%) 336 (3.0%) 185 (3.0%) 32 (1.6%)
Urology 87 (0.7%) 81 (0.6%) 127 (1.1%) 69 (1.1%) 23 (1.1%)
Vascular 149 (1.1%) 276 (2.2%) 420 (3.7%) 359 (5.9%) 159 (7.9%)

Flap type <.001
Head & Neck 897 (6.9%) 939 (7.5%) 1189 (10.5%) 986 (16.1%) 577 (28.8%)
Breast 3199 (24.7%) 3084 (24.6%) 1834 (16.1%) 377 (6.2%) 31 (1.5%)
Trunk 7599 (58.6%) 7402 (59.1%) 7181 (63.2%) 3936 (64.4%) 1003 (50.1%)
Upper extremity 222 (1.7%) 136 (1.1%) 109 (1.0%) 88 (1.4%) 36 (1.8%)
Lower extremity 1055 (8.1%) 972 (7.8%) 1057 (9.3%) 721 (11.8%) 356 (17.8%)

AI: American Indian; AN: Alaska Native; NH: Native Hawaiian; PI: Pacific Islander.
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Table 2. Comorbidities and perioperative risk factors.

18–49 years 50–59 years 60–69 years 70–79 years �80 years p

No. of patients 12,972 12,533 11,370 6108 2003
BMI, kg/m2 30.2±8.2 30.5±7.8 30.2±7.3 29.1±6.6 26.9±5.4 <.001
5-Factor Modified Frailty Index <.001
0 Points 9536 (73.5%) 6392 (51.0%) 3977 (35%) 1477 (24.2%) 376 (18.8%)
1 Point 2663 (20.5%) 4292 (34.2%) 4823 (42.4%) 2904 (47.5%) 1068 (53.3%)
2 Points 704 (5.4%) 1603 (12.8%) 2196 (19.3%) 1456 (23.8%) 440 (22.0%)
3 Points 62 (0.5%) 224 (1.8%) 327 (2.9%) 236 (3.9%) 105 (5.2%)
4 Points 5 (0.0%) 19 (0.2%) 41 (0.4%) 29 (0.5%) 14 (0.7%)
5 Points 2 (0.0%) 3 (0.0%) 6 (0.1%) 6 (0.1%) 0 (0.0%)

ASA Classification <.001
ASA Class 1 1024 (7.9%) 315 (2.5%) 112 (1.0%) 32 (0.5%) 1 (0.0%)
ASA Class 2 7184 (55.4%) 5716 (45.6%) 4087 (35.9%) 1559 (25.5%) 376 (18.8%)
ASA Class 3 4459 (34.4%) 5960 (47.6%) 6450 (56.7%) 3929 (64.3%) 1356 (67.7%)
ASA Class 4 280 (2.2%) 517 (4.1%) 689 (6.1%) 570 (9.3%) 249 (12.4%)
ASA Class 5 2 (0.0%) 7 (0.1%) 6 (0.1%) 2 (0.0%) 6 (0.3%)

Functional statusa <.001
Independent 12372 (95.4%) 12041 (96.1%) 10827 (95.2%) 5724 (93.7%) 1769 (88.3%)
Partially dependent 383 (3.0%) 366 (2.9%) 402 (3.5%) 291 (4.8%) 169 (8.4%)
Totally dependent 166 (1.3%) 97 (0.8%) 108 (0.9%) 74 (1.2%) 58 (2.9%)

Smoking 3152 (24.3%) 3009 (24.0%) 2055 (18.1%) 742 (12.1%) 103 (5.1%) <.001
Alcohol use 67 (0.5%) 101 (0.8%) 71 (0.6%) 41 (0.7%) 5 (0.2%) .009
Hypertension 2566 (19.8%) 5213 (41.6%) 6625 (58.3%) 4252 (69.6%) 1502 (75.0%) <.001
Diabetes 982 (7.6%) 1899 (15.2%) 2304 (20.3%) 1346 (22.0%) 369 (18.4%) <.001
Cardiac disease 105 (0.8%) 250 (2.0%) 389 (3.4%) 360 (5.9%) 177 (8.8%) <.001
Respiratory disease 642 (4.9%) 1333 (10.6%) 1627 (14.3%) 1114 (18.2%) 358 (17.9%) <.001
Renal disease 104 (0.8%) 120 (1.0%) 135 (1.2%) 77 (1.3%) 26 (1.3%) .050
Disseminated cancer 392 (3.0%) 516 (4.1%) 504 (4.4%) 277 (4.5%) 86 (4.3%) <.001
Preop chemotherapy (within 30 days) 180 (1.4%) 161 (1.3%) 122 (1.1%) 47 (0.8%) 6 (0.3%) <.001
Preop radiation (within 90 days) 80 (0.6%) 86 (0.7%) 86 (0.8%) 58 (0.9%) 12 (0.6%) .121
Recent weight loss (>10% in 6 months) 204 (1.6%) 271 (2.2%) 296 (2.6%) 176 (2.9%) 55 (2.7%) <.001
Prior operation within 30 days 204 (1.6%) 202 (1.6%) 183 (1.6%) 118 (1.9%) 67 (3.3%) <.001
Current open wound 1558 (12.0%) 1439 (11.5%) 1511 (13.3%) 971 (15.9%) 435 (21.7%) <.001
Steroid use 489 (3.8%) 480 (3.8%) 525 (4.6%) 298 (4.9%) 81 (4.0%) <.001
Bleeding disorder 267 (2.1%) 417 (3.3%) 533 (4.7%) 432 (7.1%) 194 (9.7%) <.001
Operative time, min 247.5 ±155.2 256.6±156.5 244.8±152.8 223.2 ±148.5 186.5±130.9 <.001
Length of stay, days 5.9±11.1 6.2±10.5 6.9±11.0 7.74±12.0 7.5±11.6 <.001
The statistical software used to perform these analyses generated ‘<0.001’ where indicated. BMI: body mass index; ASA: American Society of Anesthesiologists;
COPD: chronic obstructive pulmonary disease; CHF: congestive heart failure.
aSome variables had a smaller number of cases than the total population because of omitted data.

Table 3. Postoperative outcomes across all age groups.

18–49 years 50–59 years 60–69 years 70–79 years �80 years p

No. of patients 12,972 12,533 11,370 6108 2003
All-cause complicationsa 2909 (22.4%) 3219 (25.7%) 3197 (28.1%) 1908 (31.2%) 593 (29.6%) <.001
Wound complicationsa 1386 (10.7%) 1456 (11.6%) 1355 (11.9%) 662 (10.8%) 155 (7.7%) <.001
Superficial SSI 613 (4.7%) 660 (5.3%) 581 (5.1%) 267 (4.4%) 77 (3.8%) .007
Deep SSI 369 (2.8%) 370 (3.0%) 373 (3.3%) 165 (2.7%) 33 (1.6%) .001
Organ/Space SSI 288 (2.2%) 292 (2.3%) 314 (2.8%) 172 (2.8%) 24 (1.2%) <.001
Wound dehiscence 240 (1.9%) 286 (2.3%) 230 (2.0%) 136 (2.2%) 33 (1.6%) .075

Mild systemic complicationsa 2156 (16.6%) 2430 (19.4%) 2449 (21.5%) 1543 (25.3%) 480 (24.0%) <.001
Pneumonia 187 (1.4%) 278 (2.2%) 329 (2.9%) 270 (4.4%) 67 (3.3%) <.001
Bleeding 879 (6.8%) 1125 (9.0%) 1219 (10.7%) 808 (13.2%) 248 (12.4%) <.001
DVT Requiring therapy 110 (0.9%) 141 (1.1%) 136 (1.2%) 115 (1.8%) 23 (1.1%) <.001
Sepsis 434 (3.3%) 432 (3.4%) 380 (3.3%) 226 (3.7%) 68 (3.4%) .753
UTI 197 (1.5%) 205 (1.6%) 221 (1.9%) 148 (2.4%) 59 (2.9%) <.001
Renal insufficiency 32 (0.2%) 50 (0.4%) 75 (0.7%) 48 (0.8%) 15 (0.7%) <.001
Return to OR 952 (7.3%) 1043 (8.3%) 941 (8.3%) 527 (8.6%) 164 (8.2%) <.001

Severe systemic complicationsa 241 (1.9%) 430 (3.4%) 572 (5.0%) 449 (7.4%) 142 (7.1%) <.001
PE 70 (0.5%) 91 (0.7%) 109 (1.0%) 72 (1.2%) 21 (1.0%) <.001
Unplanned intubation 106 (0.8%) 189 (1.5%) 273 (2.4%) 219 (3.6%) 46 (2.3%) <.001
On ventilator >48 hours 167 (1.3%) 259 (2.1%) 316 (2.8%) 250 (4.1%) 53 (2.6%) <.001
Renal failure 13 (0.1%) 44 (0.4%) 51 (0.4%) 46 (0.8%) 10 (0.5%) <.001
Stroke/CVA 7 (0.1%) 16 (0.1%) 34 (0.3%) 21 (0.3%) 10 (0.5%) <.001
Cardiac arrest 19 (0.1%) 36 (0.3%) 59 (0.5%) 61 (1.0%) 18 (0.9%) <.001
Myocardial infarction 3 (0.0%) 41 (0.3%) 67 (0.6%) 62 (1.0%) 29 (1.4%) <.001
Septic shock 73 (0.6%) 116 (0.9%) 169 (1.5%) 131 (2.1%) 38 (1.9%) <.001
Death within 30 days 32 (0.2%) 64 (0.5%) 91 (0.8%) 120 (2.0%) 51 (2.5%) <.001

Readmission 921 (7.1%) 927 (7.4%) 954 (8.4%) 509 (8.3%) 164 (8.2%) .001
Length of stay >30 days 282 (2.2%) 254 (2.0%) 303 (2.7%) 217 (3.6%) 62 (3.1%) <.001
The statistical software used to perform these analyses generated ‘<0.001’ where indicated. SSI: surgical-site infection; DVT: deep vein thrombosis; UTI: urinary tract
infection; OR: operating room; PE: pulmonary embolism; CVA: cerebrovascular accident.
aAggregates of complications reflect the number of patients with at least one complication and thus this figure is not equal to the sum of the individ-
ual components.
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Discussion

Advancements in healthcare have paralleled the increase in aver-
age life expectancy for individuals living in developed countries
[40]. This notion is reinforced by the U.S. Census Bureau’s sugges-
tion that ‘within just a couple decades, older people are projected
to outnumber children for the first time in U.S. History’ [41]. In

surgery specifically, advanced age is thought to portend lower
recovery potential and thus, increased risk for postoperative com-
plications [10–17]. Furthermore, the process of aging is inherently
associated with a progressive deterioration of physiologic
capacity, a concept known as frailty [30]. Taken together, these
findings have important implications for plastic surgeons, as a
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Figure 4. Relationship between mFI-5 score and rates of severe systemic (left) and all-cause (right) complications.

Table 4. Multivariable regression analysis of risk factors for postoperative complications.

All-cause complications Severe complications Wound complications

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Age 1.015 (1.013–1.017) <.001 1.045 (1.040–1.049) <.001 1.003 (1.000–1.005) .032
mFI-5 Score of 3þ 2.616 (2.293–2.984) <.001 3.114 (2.599–3.731) <.001 1.362 (1.153–1.609) <.001
Body Mass Index 1.020 (1.017–1.023) <.001 1.034 (1.028–1.040) <.001 1.036 (1.032–1.040) <.001
Smoking 1.628 (1.542–1.719) <.001 1.879 (1.677–2.098) <.001 1.598 (1.490–1.714) <.001
Steroid use 1.704 (1.537–1.889) <.001 1.932 (1.605–2.327) <.001 1.294 (1.126–1.487) <.001
Preoperative wound infection 2.501 (2.349–2.662) <.001 1.598 (1.411–1.810) <.001 1.881 (1.736–2.038) <.001
Operative time 1.004 (1.004–1.004) <.001 1.002 (1.002–1.003) <.001 1.002 (1.002–1.003) <.001
Disseminated cancer 2.119 (1.910–2.351) <.001 1.676 (1.387–2.024) <.001 1.540 (1.153–1.756) <.001

mFI-5: modified 5-factor frailty index.
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substantial portion of reconstructive operations are performed in
elderly patients, many of whom have significant comorbidities.

Overall, the results of our study indicate that an increase in age
does indeed significantly impact surgical outcomes. Prior research
on postoperative outcomes in elderly patients has identified similar
trends across multiple surgical specialties [10–17]. In our study,
patients between the ages of 70–79 had the highest rates of all-
cause, mild systemic and severe systemic complications following
pedicled flap reconstruction. Interestingly, the cohort of patients
�80years of age demonstrated a slightly lower rate of postopera-
tive complications when compared to the 70- to 79-year-old
cohort. This discrepancy can perhaps be explained by differences
in perioperative risk noted between the two groups. Compared
with patients aged 70–79 years, the 80þ year cohort had a lower
rate of smoking, lower average BMI and shorter operative times.
Multiple studies have found increased BMI and smoking to inde-
pendently predict poor surgical outcomes [42–44]. Moreover,
patient selection may play a role. With a patient over 80 years, a
surgeon may be more reluctant to perform complex reconstructive
surgery given the relatively greater risk of morbidity and mortality.
As such, surgeons may choose to operate on patients who are
optimized for surgery. This is supported by Tan et al who recom-
mend a collaborative, multidisciplinary approach for optimal man-
agement of the elderly surgical patient [45].

Increased age was noted to be an independent predictor for
wound complications in our study. This finding is consistent with
the current literature, which demonstrates an increased incidence
of superficial surgical site infection (SSI) with increased age [46].
Kaye et al found that, although, increasing age served as a pre-
dictor for SSI, this was only true up to the age of 65 [47].
Similarly, in our study, the rate of wound complications decreased
from 11.9% to 10.8%, and finally 7.7% for patients ages 60–69,
70–79 and �80 years, respectively. Kaye et al attributed this phe-
nomenon to the ‘hardy survivor effect’ where it is implied that
persons who survive to older ages may have a better working
immune system [46,47].

Prior research on postoperative outcomes following recon-
structive surgery in the elderly has yielded inconsistent results

[4,7,18,26–29,48]. Multiple studies have demonstrated the safety
of free tissue transfer in the elderly, noting that age was not
independently associated with poor postoperative outcomes
[21–23,25,28]. However, numerous authors have observed higher
rates of medical complications in elderly patients undergoing free
flap reconstruction, even after controlling for comorbid conditions
[4,18,19]. Although, the results of our multivariable regression
model identified age as an independent risk factor for all-cause,
severe systemic and wound complications, the predictive power
was not overwhelmingly strong. As such, the clinical relevance of
chronological age alone may not be considerable enough to
modify patient management. Given the importance of risk stratifi-
cation in perioperative decision making, we sought to evaluate
the impact of frailty on outcomes following pedicled flap using
the 5-factor modified frailty index (mFI-5) [34]. Frailty is defined as
a condition in which there is a significantly higher risk for devel-
oping dependency, morbidity or mortality after being exposed to
a stressor, such as a surgical intervention [30,49]. Recent literature
shows that the frailty indices, such as the mFI-5, may be a more
powerful predictor of postoperative outcomes when compared to
chronological age [50–52]. Indeed, our results echo many of these
findings, with frailty index demonstrating a significantly stronger
predictive capacity when compared to chronological age alone.
Furthermore, our data suggest an additive, rather than linear, rela-
tionship between frailty index score and risk of postoperative
complications. Figures 4 and 5 highlight the near exponential rise
in unadjusted and adjusted risk, respectively.

In our study, an mFI score of 3 or greater was associated with
a more than twofold increase in risk for developing complications
of any cause, and a more than threefold increase in risk for devel-
oping severe systemic complications. In comparison, one add-
itional year of age was noted to portend only a 0.15% increase in
risk for all-cause and 0.45% increase in risk for severe systemic
complications. These findings are consistent with recent studies
that highlight the predictive capacity of the mFI score [53–55].
Similar to our results, both Farhat et al. [53] and Tsiouris et al.
[55] noted the difference in adjusted risk for postoperative com-
plications between increased age and mFI score, with the latter
showing significantly higher predictive potential.

Differences in adjusted risk for age and mFI score were noted
when cases were stratified by flap location. Specifically, mFI sore of
3 or greater was positively associated with all-cause (OR 2.553) and
severe systemic (OR 4.195) complications in the head and neck,
while age showed no relationship. This is consistent with a 2016
systematic review of head and neck free flaps in the elderly, which
noted that preoperative comorbidity, as measured by
three comorbidity indices (Kaplan-Feinstein, Adult Comorbidity
Evaluation and Index of Coexistent Diseases score), was independ-
ently predictive of postoperative complications, while chronological
age alone was not [24]. Goh et al. also found preoperative comor-
bidity, and not chronological age, to be independently associated
with complications following head and neck reconstruction [23].

Complications following pedicled trunk flaps were predicted by
both age and mFI score in our study, albeit with a stronger associ-
ation for mFI score. Calotta et al reported outcomes of posterior
trunk reconstruction using paraspinal and other flaps in elderly
patients and found only ASA score to be independently predictive
of postoperative complications [21]. Ozkan [27], Howard [4] and
Sierakowski [29] have published their experiences with elderly
patients undergoing free tissue transfer for head and neck, breast,
upper and lower extremity and trunk reconstruction. All of these
studies identified preoperative comorbidities, and not chrono-
logical age, to be independently associated with postoperative

Table 5. Multivariable regression analysis stratified by flap type.

Age mFI-5 Score of 3 or greater

OR 95% CI p OR 95% CI p

All-cause complications
Head & Neck 1.003 0.997–1.008 .378 2.553 1.597–4.081 <.001
Breast 1.010 1.004–1.016 .002 1.703 0.578–5.018 .334
Trunk 1.014 1.012–1.016 <.001 3.271 2.778–3.850 <.001
Upper extremity 1.015 1.001–1.030 .041 2.199 0.524–9.229 .282
Lower Extremity 1.012 1.007–1.016 <.001 2.754 2.105–3.603 <.001
Head & Neck 1.008 0.994–1.021 .257 4.195 2.053–8.571 <.001
Breastb 1.043 1.019–1.068 <.001 –
Trunk 1.045 1.040–1.050 <.001 3.178 2.574–3.923 <.001
Upper Extremitya – –
Lower Extremity 1.037 1.025–1.050 <.001 4.034 2.724–5.974 <.001
Wound complications
Head & Neck 0.996 0.987–1.004 .306 1.667 0.833–3.335 .149
Breast 1.009 1.000–1.018 .053 1.196 0.265–5.408 .816
Trunk 1.001 0.998–1.004 .576 1.658 1.363–2.017 <.001
Upper extremity 0.984 0.963–1.005 .131 3.245 0.586–17.953 .177
Lower Extremity 1.000 0.994–1.007 .922 1.098 0.753–1.601 .627

The statistical software used to perform these analyses generated ‘<0.001’
where indicated.
aMultivariable analysis was not performed for severe systemic complications in
the upper extremity cohort because of the prohibitively low number of out-
comes (6).
bOf the 75 severe systemic complications in the breast flap cohort, none had
occurred in patients with mFI-5 score of 3 or greater.
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complications. In comparison, our analysis found that both age
and mFI score were independently associated with severe systemic
complications for upper and lower extremity flaps. Interestingly,
we also found that age was predictive of all-cause and severe
systemic complications in breast flaps, while mFI score was not.

Overall, this study reinforces a number of important principles
regarding preoperative patient evaluation. While chronological
age does appear to impart additional risk for postoperative com-
plications, the extent to which age alone should impact decision
making is unclear. Importantly, the predictive power, and there-
fore, the clinical relevance, of a composite measure such as frailty
should be recognized and integrated along with chronological
age in preoperative assessment and planning.

Although, the ACS NSQIP database allows for a robust
evaluation of multi-institutional data, there are several limitations,
many of which have been previously described [56,57].
Specifically, case identification relies on CPT and/or ICD coding.
Therefore, the rigorousness with which these procedures/diagno-
ses are defined and coded inherently determines the degree of
granularity present in the study. Additionally, studies using the
ACS NSQIP database are bound by the variables available in the
dataset, and therefore, aesthetic and patient-reported outcomes
were not included in this study. Furthermore, postoperative out-
comes data are only collected for 30 days, thereby precluding an
evaluation of potential long-term complications. Other limitations
include potential for inaccurate data entry and intra- and inter-
institutional variations in reporting practices. Also, it is important
to note that the number and composition of institutions enrolled
in the ACS NSQIP frequently changes from year-to-year. Thus,
trend analyses may be subject to bias, and in the absence of stat-
istical weighting of the dataset, results generated from this data-
base should not be extrapolated onto a population level. Finally,
pedicled flaps in different regions of the body may also vary in
complexity as well as the patient population in which they are
commonly performed. As such, interpretation of statistical results
using data from all flaps should bear this in mind. However, the
large sample size and additional stratified statistical analyses for
flap location can help to buffer against such confounding.

Notwithstanding these limitations, this study provides valuable
information regarding the impact of age and frailty on postopera-
tive complications following pedicled flap reconstructive surgery.
Further studies are necessary in order to address the financial,
functional and psychosocial impact of pedicled flap reconstruction
in this population.

Conclusions

The results of this study show that increased age and frailty are
independently associated with an increased risk of postoperative
complications following pedicled flap reconstruction. Although,
age alone had statistically significant predictive capabilities, the
mFI-5 appears to be a better measure of postoperative complica-
tion risk. The mFI can be adjusted to many existing datasets and
applied clinically, thus, making it a versatile and reliable analytical
index score to be used for risk stratification prior to pedicled
flap surgery.
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