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INTRODUCTION
Pressure ulcers are common in hospitalized and long-

term institutional care patients. Approximately 2.5 million 
pressure ulcers are treated in the United States yearly,1, 2  
and related hospitalizations are becoming common.3 
Their cost is estimated to be $9.1–11.6 billion per year in 
the United States.4–7 One susceptible patient population 
is are those with spinal cord injury. It is estimated that 

approximately 30% of spinal cord injury patients have 
pressure ulcers 20 years post injury.8 Pressure ulcers are 
especially morbid after spinal cord injury, leading to high 
rates of hospitalization and longer hospital stays.9, 10

The utilization of risk assessment tools can reduce inci-
dence rates; nevertheless, high-risk patients will inevitably 
develop stage 3 and 4 ulcers that require surgical inter-
vention.1, 2, 7 Operative approaches using primary closure 
and skin grafts have been abandoned as flaps for wound 
coverage are becoming popular.11 However, complication 
and recurrence rates for flap coverage remain alarmingly 
high.11–14 Outcomes analyses to date are limited to small 
retrospective reviews and have reported conflicting con-
clusions on risk factors.12–17

Copyright © 2017 The Authors. Published by Wolters Kluwer 
Health, Inc. on behalf of The American Society of Plastic Surgeons. 
This is an open-access article distributed under the terms of the 
Creative Commons Attribution-Non Commercial-No Derivatives 
License 4.0 (CCBY-NC-ND), where it is permissible to download 
and share the work provided it is properly cited. The work cannot be 
changed in any way or used commercially without permission from 
the journal.
DOI: 10.1097/GOX.0000000000001187

From the *Department of Plastic Surgery, Vanderbilt University 
Medical Center, Nashville, Tenn; †Department of Surgery, 
Georgetown University, Washington, D.C.; and ‡Vanderbilt 
University School of Medicine, Nashville, Tenn.
Received for publication September 7, 2016; accepted November 1, 
2016.

Background: Historically, complication rates after pressure ulcer reconstruction 
utilizing flap coverage have been high. Patients undergoing operations for pres-
sure ulcer coverage typically have multiple risk factors for postoperative compli-
cations. The purpose of this study was to examine a large patient series in the 
pressure ulcer population to uncover objective evidence of the linkage between 
risk factors and outcomes after flap coverage.
Methods: This study was a retrospective chart review of patients who underwent 
flap reconstruction for a pressure ulcer between 1997 and 2015. The characteris-
tics of patients were analyzed to determine those who had complications such as 
pressure ulcer recurrence, wound dehiscence, and wound infection.
Results: All patients (N = 276) underwent flap coverage of their pressure ulcers. 
The overall complication rate was 58.7% (162 patients). Wound dehiscence was the 
most common complication (31.2%), and the pressure ulcer recurrence rate was 
28.6%. Multivariate regression for pressure ulcer recurrence revealed that body 
mass index <18.5 [relative risk (RR) 3.13], active smoking (RR 2.33), and ischial 
pressure ulcers (RR 3.46) were independent risk factors for pressure ulcer recur-
rence. Ischial pressure ulcers (RR 2.27) and preoperative osteomyelitis (RR 2.78) 
were independent risk factors for wound dehiscence. Diabetes was an independent 
risk factor for wound infection (RR 4.34).
Conclusions: Our retrospective analysis revealed numerous factors that are as-
sociated with high rates of major postoperative complications. Risk factors must 
be taken into account when offering flap coverage, and risk-reducing strategies 
must be implemented in patients before pressure ulcer reconstruction. (Plast 
Reconstr Surg Glob Open 2017;5:e1187; doi: 10.1097/GOX.0000000000001187;  
Published online 18 January 2017.)

Ravinder Bamba, MD*†
James J. Madden, MD*

Ashley N. Hoffman, BS†‡
Justine S. Kim, BS†‡

Wesley P. Thayer, MD, PhD*
Lillian B. Nanney, PhD*

Marcia E. Spear, DNP*

Flap Reconstruction for Pressure Ulcers:  
An Outcomes Analysis

Disclosure: None of the authors has a financial interest in any 
of the products, devices, or drugs mentioned in this manuscript. 
R. Bamba and W.P. Thayer were supported in part by W81X-
WH-12-PRORP-TRPA from the Department of Defense. L.B. 
Nanney was supported in part by 1R01 AR056138-01A2, 
1R01EB019409, and 1R01 GM118300-01 from the NIH. 
The Article Processing Charge was paid for  by the Department 
of Plastic Surgery, Vanderbilt University Medical Center.

Reconstructive
Original Article

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


PRS Global Open • 2017

2

Spinal cord injury patients make up the majority of 
patients undergoing surgical reconstruction of pressure 
ulcers.13, 15–17 Given their relatively long life expectancies,18 
flap coverage of pressure ulcers can prevent hospitaliza-
tion and decrease morbidity. However, the risks and ben-
efits of operative management of pressure ulcers must be 
balanced given the potential complications.

Ulcer recurrence and wound dehiscence are the most 
common surgical complications with recurrence rates as 
high as 80% in some series.12, 13, 16, 17, 19–21 The wide varia-
tion in reported outcomes suggests that patient-specific 
risk factors should be investigated further to determine 
the optimal operative settings. We hypothesized that 
there are patient-specific and potentially modifiable risk 
factors associated with complications after flap recon-
struction for pressure ulcers. Our retrospective study 
design was utilized to query a large patient series in the 
pressure ulcer population to uncover objective evidence 
of the linkage between risk factors and outcomes after 
flap coverage.

METHODS

Study Design
This retrospective study was approved by the Insti-

tutional Review Board of Vanderbilt University Medical 
Center. Inclusion criteria were adult patients of any age 
and sex with sacral, ischial, and trochanteric pressure ul-
cers that required flap reconstruction between 1997 and 
2016. Patients with pressure ulcers managed conservative-
ly or that required wound debridement and/or primary 
closure without flap coverage were excluded. Further 
exclusion criteria were not used to maximize our study 
population.

Data Collection
Patient data collected included age, sex, body mass in-

dex (BMI), race, medical comorbidities, surgical history, 
medications, American Society of Anesthesiologists (ASA) 
physical status classification system, and tobacco use. Data 
from preoperative labs were also examined, including pre-
albumin, albumin, C-reactive protein (CRP), hematocrit, 
white blood cell (WBC) count, international normalized 
ratio, creatinine, and perioperative blood transfusion 
data. Psychiatric factors were not collected given the in-
consistent collection of such data. Pressure ulcer charac-
teristics including wound location, size, and presence of 
osteomyelitis (acute or chronic) were also recorded. Op-
erative details recorded included donor site, flap compo-
sition, and procedure length. Postoperative management 
and outcomes collected included length of follow-up and 
complications including recurrence, wound dehiscence, 
and infection.

The primary outcomes for our review were major 
complications, which included ulcer recurrence, wound 
dehiscence, postoperative infection, flap necrosis, and mi-
nor complications such as seroma and hematoma. Patient 
characteristics were compared between those who did and 
did not have the aforementioned complications.

Statistical Analysis
Study data were collected and managed using Re-

search Electronic Data Capture (REDCap) electronic data 
capture tools hosted at Vanderbilt University Medical Cen-
ter.22 REDCap is a secure, web-based application designed 
to support data capture for research studies, providing (1) 
an intuitive interface for validated data entry; (2) audit 
trails for tracking data manipulation and export proce-
dures; (3) automated export procedures for seamless data 
downloads to common statistical packages; and (4) proce-
dures for importing data from external sources.

Quantitative analyses of continuous and categorical 
data were completed using Fisher’s exact test, chi-square 
analysis, Mann-Whitney U tests, and unpaired t tests when 
appropriate. Statistical significance was achieved at two-
tailed P values below 0.05. All analyses were performed 
within SPSS Statistics version 19 (IBM Corporation,  
Chicago, IL).

RESULTS
From January 1997 to December 2015, 276 patients un-

derwent flap coverage of their pressure ulcers. The average 
patient age was 42.9 (range 4–85), and an analysis of sex 
revealed that 73.2% in our study series were males. Table 1 
illustrates patient demographic and wound characteristics. 
Whites comprised 82.6% of patients during this study pe-
riod. The average BMI was 25.1 and 24.6% of patients were 
active smokers. Paralysis was noted in 82.6% of patients, 
with 11.2% having quadriplegia and 55.8% having paraple-
gia. Of note, 62.3% of patients had ischial pressure ulcers. 

Table 1.  Epidemiology of All Patients Undergoing Pressure 
Ulcer Reconstruction

 All Patients (n = 276)

Age (years) 42.9 ± 16.1
Male 202 (73.2%)
Female 74 (26.8%)
White 228 (82.6%)
African American 47 (17%)
Hispanic 1 (0.4%)
BMI 25.1 ± 6.6
ASA 2 39 (14.1%)
ASA 3 218 (79%)
ASA 4 19 (6.9%)
Patients with paralysis 228 (82.6%)
 ��� Patients with quadriplegia 31 (11.2%)
 ��� Patients with paraplegia 154 (55.8%)
 ��� Patients with spina bifida 38 (13.8%)
 ��� Patients with cerebral palsy 5 (1.8%)
Ischial ulcer 172
Sacrum ulcer 115
Trochanteric ulcer 51
Other ulcers 9
Approximate wound size (cm2) 70.4
Current smoker 68 (24.6%)
Hypertension 81 (29.3%)
Diabetes 61 (22.1%)
Peripheral vascular disease 6 (2.2%)
End-stage renal disease 8 (2.9%)
Gluteal flap 172 (62.3%)
Thigh (V-Y) flap 80 (29%)
Tensor fascia latae flap 29 (10.5%)
Miscellaneous flap 11 (4%)
Myocutaneous flap 223 (80.8%)
Fasciocutaneous flap 53 (19.2%)
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The most commonly performed flap utilized the gluteal 
musculature (62.3%). The majority of reconstructive flaps 
were myocutaneously based (80.8%) (Table 1).

Complications including major ones (ulcer recur-
rence, wound dehiscence, postoperative infection, flap 
necrosis) and minor ones (seroma and hematoma) oc-
curred in 162 (58.7%) patients in this series (Fig.  1, 
Table  2). The average prealbumin of all patients was 
low (15.7 ± 6.9), but the average prealbumin of those 
who had a complication was significantly lower than 
those without complication (14.8 vs 17.0, P = 0.037). 
Additionally, the average albumin was significantly 
lower in those with complications (2.97 vs 3.40, P < 
0.01). Interestingly, 71.1% of patients who received a 
perioperative blood transfusion experienced postop-
erative complications compared with a 50.3% compli-
cation rate in those not receiving a blood transfusion 
(P < 0.01). Longer operative times were associated with 
complications (190.6 vs 160.4 minutes, P < 0.01). Age, 
sex, race, BMI, diabetes, smoking status, preoperative 
osteomyelitis, and flap choice were not risk factors for 
complications (Table 2).

Postoperative flap infection rates were low (6.5%; 
Table 3). Advanced ASA class was associated with higher 

rates of infection. Pressure ulcer wound size was signifi-
cantly larger in those who had a postoperative infection 
(109.8 cm2 vs 67.7 cm2, P = 0.047). The perioperative 
blood transfusion rate was significantly higher in those 
with a postoperative infection compared with those with-
out (77.8% vs 37.6%, P < 0.01), and longer operative 
times were associated with postoperative infections (206.5 
vs 176.1 minutes, P = 0.013). Interestingly, age sex, race, 
BMI, diabetes, smoking status, preoperative osteomyeli-
tis, and flap choice were not risk factors for postoperative 
flap infections in our series (Table 3).

The same site pressure ulcer recurrence rate was 
28.6% (Table  4), and the average time to recurrence 
was 357.9 days. The average age for those having an ul-
cer recurrence was younger than those not suffering a 
recurrence (39.4 vs 44.4 years old, P = 0.018). African 
Americans had higher rates of recurrence compared with 
whites (74.1% vs 25.9%, P = 0.02). Underweight patients 
(BMI < 18.5) had higher rates of recurrences (74.7% vs 
25.3%, P = 0.027). Curiously, obesity was not a risk factor 
for recurrence in this series. Patients with pressure ulcers 
involving the ischium or in multiple sites were more likely 
to have ulcer recurrences compared with other sites. Ac-
tive smokers had higher rates of recurrence (42.6% vs 

Fig. 1. Complication rates.
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24%, P < 0.01), and those with recurrences had high rates 
of perioperative blood transfusions (51.9% vs 35.5%, 
P = 0.015). Interestingly, thigh (V-Y) flaps had increased 
rates of pressure ulcer recurrences compared with other 
flap choices (Table  4). Of note, sex, diabetes, and pre-
operative osteomyelitis were not risk factors for pressure 
ulcer recurrence.

Wound dehiscence was the most common complication 
(31.2%), and the average time to wound dehiscence was 
28.1 days (Table 5). Patients with pressure ulcers involving 
the ischium were more likely to have wound dehiscence 
compared with other sites. Patients with postoperative 
wound dehiscence had lower albumin levels (2.8 vs 3.3,  
P < 0.01), but prealbumin levels were not significantly low-
er in those with wound dehiscence (14.3 vs 16.2, P = 0.125). 
An unexpected finding was patients with preoperative os-
teomyelitis had a lower prevalence of wound dehiscence 
(24% vs 37%, P = 0.026). The perioperative blood transfu-
sion rate was significantly higher in those with a postop-
erative wound dehiscence compared with those without 
(38.7% vs 26.1%, P < 0.034), and longer operative times 
were associated with postoperative wound dehiscence 

(194.9 vs 170.5 minutes, P = 0.031). Of note, age, sex, race, 
BMI, smoking status, and flap choice were not risk factors 
for wound dehiscence.

When a multivariate regression analysis was applied, 
ischial wounds were shown to be an independent risk 
factor for all complications [relative risk (RR) 2.63, 95% 
confidence interval (CI) 1.52–4.54, P < 0.01]. Age, BMI, 
diabetes, active smoking, wound size, and preoperative 
osteomyelitis were not independent risk factors for com-
plications (Table 6). Not surprisingly, multivariate regres-
sion analysis revealed that diabetes was an independent 
risk factor for wound infection (RR 4.34, 95% CI 1.15–
16.43, P = 0.031). Age, BMI, active smoking, wound size, 
preoperative osteomyelitis, and ischial wounds were not 
independent risk factors for complications in our patient 
population (Table 7). The multivariate regression for pres-
sure ulcer recurrence revealed that BMI <18.5 (RR 3.13, 
95% CI 1.34–7.27, P < 0.01), active smoking (RR 2.33, 95% 
CI 1.16–4.7, P = 0.018), and ischial pressure ulcers (RR 
3.46, 95% CI 1.76–6.81, P < 0.01) were independent risk 
factors for pressure ulcer recurrence. Age, diabetes, wound 
size, and preoperative osteomyelitis were not indepen-
dent risk factors for pressure ulcer recurrence (Table 8). 
Ischial pressure ulcers (RR 2.27, 95% CI 1.24–4.16,  

Table 2.  Comparison of Patients With and Without 
Complications

 No Complications Complications P

All patients 114 (41.3%) 162 (58.7%)  
Age (years) 43.9 (16.6) 42.3 (15.8) 0.257
White 98 (42.9%) 130 (57.1%)  
African American 16 (34.0%) 31 (66.0%) 0.37
Hispanic 0 1 (100%)  
Female 30 44 0.891
Male 84 118  
BMI 24.7 (6.5) 25.4 (6.6) 0.282
Obesity (BMI > 30) 35/155 19/110 0.354
BMI < 18.5 23/154 13/110 0.586
ASA 2 17 22  
ASA 3 92 126 0.861
ASA 4 5 14  
Diabetes mellitus 27/110 34/166 0.659
Ischial ulcer 53 119  
Sacral ulcer 59 56 0.001
Trochanteric ulcer 24 27  
Other site 0 9  
Additional ulcer 22 42 0.247
Approximate wound 

size (cm2)
64.4 74.8 0.161

Current smoker 23 45 0.159
Nonsmoker 91 117  
Prealbumin units (mg/

dL)
17 14.8 0.037

WBC (x103 cells/mm3) 8.7 9.4 0.08
Albumin (g/dl) 3.4 2.97 0.003
Preoperative  

osteomyelitis 
(chronic or acute)

53/110 68/166 0.463

CRP (mg/L) 95.4 98.1 0.799
Hematocrit (%) 34 32.7 0.119
Creatinine (mg/dL) 0.72 0.87 0.46
Perioperative blood 

transfusion
32/114 79/162 <0.01

Operative time (min) 160.4 190.6 0.002
Gluteal flap 78 94  
Thigh (V-Y) flap 25 55 0.159
Tensor fascia latae flap 14 15  
Other 4 7  
Myocutaneous flap 84 129 0.459
Fasciocutaneous flap 23 28  

Table 3.  Comparison of Characteristics for Patients With 
and Without Postoperative Infections

 No Infection Infection P

All patients 258 (93.5%) 18 (6.5%)  
Age (years) 42.9 43.4 0.859
White 215 13  
African American 43 4  
Hispanic 0 1 0.467
Female 69 5 1
Male 189 13  
BMI 25 26.6 0.349
Obesity (BMI > 30) 48 6 0.22
BMI < 18.5 33 3 0.72
ASA 2 39 0  
ASA 3 204 14 0.01
ASA 4 15 4  
Diabetes mellitus 55/258 6/18 0.245
Ischial ulcer 164 8  
Sacral ulcer 107 8 0.51
Trochanteric ulcer 46 5  
Other site 8 1  
Additional ulcers 60 4 1
Approximate wound  

size (cm2)
67.7 109.8 0.047

Current smoker 63 5  
Nonsmoker 195 13 0.779
Prealbumin 15.6 16.9 0.373
WBC 9.2 9.3 0.857
Albumin 3.1 2.9 0.381
Preoperative osteomyelitis 

(chronic or acute)
110/258 11/18 0.145

Hematocrit 33.4 30.7 0.058
CRP 93.9 142 0.335
Creatinine 0.81 0.82 0.27
Perioperative blood  

transfusion
97/258 14/18 <0.01

Operative time (min) 176.1 206.5 0.013
Gluteal flap 163 9  
Thigh (V-Y) flap 75 5 0.37
Tensor fascia latae flap 25 4  
Other 10 1  
Myocutaneous flap 202 11  
Fasciocutaneous flap 47 4 0.458



 Bamba et al. • Pressure Ulcer Flap Reconstruction

5

P < 0.01) and preoperative osteomyelitis (RR 2.78, 95% 
CI 1.51–5.13, P < 0.01) were independent risk factors for 
wound dehiscence. Age, BMI < 18.5, diabetes, active smok-
ing, and wound size were not independent risk factors for 
wound dehiscence (Table 9).

DISCUSSION
Our retrospective analysis of two hundred seventy-six 

pressure ulcer patients who underwent reconstructive flap 
coverage has revealed numerous factors that are associ-
ated with high rates of major postoperative complications. 
Although prior studies have suggested that complication 
rates including recurrence and wound dehiscence were 
high, clinical evidence of the risk factors for complications 
was sparce.23 The challenge of pressure ulcer management 
is that pressure sores develop due to the interplay of many 
factors such as ischemic regions over bony prominences, 
poor nutrition, and infection.24 Flap coverage does not ad-
dress the root causes, and therefore, careful patient selec-
tion may be the best way to improve operative outcomes.

A younger age at the time of onset has previously 
been cited as a risk factor for the development of pres-
sure ulcers.25 Keys et al found that a chronologic age <45 

years was a risk factor for recurrence and reoperation.13 
We also noted that the average age of patients who had 
recurrence was significantly younger than those who did 
not have a recurrence. A variety of reasons may explain 
why a younger age is associated with elevated risk of re-
currence. One potential explanation is that younger pa-
tients have a longer time span for a recurrence after flap 
surgery. However, importantly, patients who are younger 
may be offered more aggressive flap coverage for pressure 
ulcers compared with older counterparts. This ultimately 
may lead to higher rates of recurrence. Our retrospective 
analysis did not address this hypothesis.

We believe our study is the first large series to report a 
racial disparity in the postoperative outcomes for patients 
undergoing flap surgery for pressure ulcers. Our analysis 
revealed that African Americans had higher rates of recur-
rence. Previous reports have noted that African Americans 
have higher rates of pressure ulcer development26–28 and 
display a noted increase in pressure ulcer recurrence af-
ter initial healing.29 Poorer clinical and surgical outcomes 
in African Americans is a well-documented occurrence 
across different surgical specialties,30, 31 but the relation-
ship remains poorly understood and is likely due to the 
interplay of multiple factors. Race was not an independent 

Table 4.  Patient Characteristics of Those Who Had a 
Recurrence

 No Recurrence Recurrence P

All patients 197 (71.4%) 79 (28.6%)  
Age (years) 44.4 39.4 0.018
White 169 59  
African American 27 20  
Hispanic 1 0 0.02
Female 50 24  
Male 147 55 0.453
BMI 25.5 24.07 0.296
Obesity (BMI > 30) 42 12 0.395
BMI < 18.5 20 16  
BMI > 18.5 171 58 0.027
ASA 2 25 14  
ASA 3 158 60  
ASA 4 14 5 0.55
Diabetes mellitus 46/197 15/79 0.521
Ischial ulcer 101 71  
Sacrum ulcer 95 20  
Trochanteric ulcer 36 15  
Other ulcers 4 5 <0.01
Approximate wound 

size (cm2)
70.2 70.8 0.76

Current smoker 39 29  
Nonsmoker 158 50 <0.01
Prealbumin 16 14.9 0.08
WBC 9.1 9.4 0.393
Albumin 3.1 3.0 0.308
Preoperative osteomyelitis 

(chronic or acute)
84/197 37/79 0.592

Hematocrit 33.4 32.8 0.408
CRP 97.6 93.0 0.885
Creatinine 0.83 0.76 0.243
Perioperative blood 

transfusion
70/197 41/79 0.015

Operative time (min) 174.7 186.7 0.195
Gluteal flap 139 33  
Thigh (V-Y) flap 41 39  
Tensor fascia latae flap 22 7  
Other 7 4 <0.01
Myocutaneous flap 147 66  
Fasciocutaneous flap 40 11 0.184

Table 5.  Patient Characteristics of Those With and Without 
a Wound Dehiscence

 No Dehiscence Dehiscence P

Total patients 190 (68.8%) 86 (31.2%)  
Age (years) 43.6 41.6 0.251
White 157 71  
African American 32 15 0.792
Hispanic 1 0  
Female 55 19  
Male 135 67 0.245
BMI 25 25.4 0.527
Obesity (BMI > 30) 39/183 15/82 0.624
BMI < 18.5 26 10 0.846
BMI > 18.5 157 71  
ASA 2 29 10  
ASA 3 147 71  
ASA 4 14 5  
Diabetes mellitus 44/190 17/86 0.639
Ischial ulcer 106 66  
Sacrum ulcer 88 27  
Trochanteric ulcer 40 11  
Other ulcers 6 3 0.0225
Approximate wound 

size (cm2)
74.7 60.1 0.355

Current smoker 47 21  
Nonsmoker 143 65 1
Prealbumin 16.2 14.3 0.125
WBC 9.2 9.1 0.875
Albumin 3.3 2.8 <0.01
Preoperative osteomyelitis 

(chronic or acute)
92/190 29/86 0.026

Hematocrit 33.3 33.2 0.925
CRP 103.1 71.8 0.277
Creatinine 0.76 0.92 0.165
Perioperative blood 

transfusion
68/190 43/86 0.034

Operative time (min) 170.5 194.9 0.031
Gluteal flap 121 51  
Thigh (V-Y) flap 47 33  
Tensor fascia latae flap 23 6  
Other flap 8 3 0.144
Myocutaneous flap 140 73  
Fasciocutaneous flap 36 15 0.437
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risk factor for pressure ulcer recurrence in our review, but 
the association with increased recurrence is an interesting 
finding in light of current literature.

Ischial pressure ulcers were an independent risk fac-
tor for pressure ulcer recurrence and wound dehiscence. 
This finding is not surprising given that ischial tuberosi-
ties have increased pressure over other bony prominences 
in the sitting position.32 Previous reviews have also found 
ischial pressure ulcers are at risk for recurrence.13, 33 Un-
fortunately, ischial pressure ulcers are the most common 
pressure ulcer, and avoidance of flap coverage for ischial 
pressure ulcers is not an ethical option. Rather, reducing 
other patient risk factors for flap complications may be 
important in those with ischial pressure ulcers.

Flap choice for pressure ulcer reconstruction contin-
ues to be an unresolved topic. Our study found that thigh 
(V-Y) flaps had higher rates of recurrence. Thigh (V-Y) 
flaps are considered reliable flaps; however, a disadvan-
tage is that their closure is often under tension. This may 
increase the risk for recurrence, explaining our study’s re-
sults. In our review, gluteal- and tensor fascia latae-based 
flaps had lower recurrence rates. Additionally, our study 
did not find any difference between musculocutaneous- 
or fasciocutaneous-based flaps, which are in concordance 
with the findings of a recent meta-analysis.11 Despite these 
findings, an overarching rule for pressure ulcer recon-
struction is not possible. Surgeons must use flaps that are 
individually tailored to each patient with the consider-
ation that thigh-based flaps may be at higher risk for re-
currence.

Smoking was an independent risk factor for pressure 
ulcer recurrence in our retrospective series. Smoking has 
not been previously linked to pressure ulcer flap compli-
cations, so this appears to be a novel finding. Smoking is 
a risk factor in wound complications in the general plastic 
surgery population and especially those undergoing free 
flaps.34, 35 Because smoking is a modifiable risk factor, moti-
vational coaching directed toward smoking cessation may 
be an important step in preventing recurrence. Our data 
indicate that surgeons should be cautious about offer-
ing pressure ulcer flap coverage in smokers, and patients 
should be counseled on the risks associated with smoking.

Diabetes was found to be an independent risk factor 
for flap infection in our study. A recent review of the na-
tional CosmetAssure database found that diabetes was an 
independent risk factor in infections in all patients receiv-
ing elective, esthetic surgery.36 In our review, diabetes was 
not a risk factor for recurrence or wound dehiscence, but 
given the elevated risk of infection, a patient with a diag-
nosis of diabetes should be considered a risk, especially 
when other risk factors are present.

ASA class 3 also had an association with flap infection 
in this series. This finding was expected given that ASA 
class has been noted previously to be a risk factor for sur-
gical site infections.37–39 A similar retrospective analysis of 
wound complications after abdominal contouring opera-
tions noted that ASA classification is also a significant in-
dependent risk factor for wound complications including 
infections.40 An interesting finding was that ASA class did 
not predict recurrence or wound dehiscence in our stu-
dent population. Given these findings, those with higher 
ASA class should be considered at higher risk for infec-
tion, and proper precautions for infection prevention 
should be taken.

Nutritional factors are considered to play a role in the 
development and recovery from a pressure ulcer. Specifi-
cally, low prealbumin and albumin levels have been im-
plicated in the development of pressure ulcers.41–43 Our 
review revealed that low albumin and prealbumin were as-
sociated with complications. Low albumin was specifically 
associated with wound dehiscence. Previous studies have 
had mixed findings on albumin and prealbumin and their 
predictive power for pressure ulcer reconstruction.13, 44 
Albumin and prealbumin have traditionally been used to 

Table 6.  Multivariate Regression for Any Complication

Any Complications RR 95% CI P

Age > 50 years 0.963 0.527 1.76 0.902
BMI < 18.5 1.53 0.687 3.41 0.298
Diabetes mellitus 0.884 0.476 1.9 0.884
Smoking 1.32 0.676 2.59 0.414
Large wound size* 1.94 0.825 4.54 0.129
Osteomyelitis 1.55 0.898 2.67 0.116
Ischial pressure ulcers 2.63 1.52 4.54 <0.01
*Large wound size was defined as 1 SD above the average for the whole cohort.

Table 7.  Multivariate Regression for Postoperative 
Infection

Infection RR 95% CI P

Age > 50 years 0.315 0.078 1.27 0.104
BMI < 18.5 1.63 0.376 7.02 0.515
Diabetes mellitus 4.34 1.15 16.43 0.031
Smoking 0.801 0.211 3.04 0.801
Large wound size* 3.12 0.916 10.6 0.069
Osteomyelitis 0.523 0.174 1.58 0.25
Ischial pressure ulcers 0.451 0.149 1.36 0.158
*Large wound size was defined as 1 SD above the average for the whole cohort.

Table 8.  Multivariate Regression for Pressure Ulcer 
Recurrence

Recurrence RR 95% CI P

Age > 50 years 0.729 0.355 1.5 0.12
BMI < 18.5 3.13 1.34 7.27 <0.01
Diabetes mellitus 1.48 0.654 3.33 0.349
Smoking 2.33 1.16 4.7 0.018
Large wound size* 1.4 0.555 3.54 0.476
Osteomyelitis 0.814 0.435 1.52 0.52
Ischial pressure ulcers 3.46 1.76 6.81 <0.01
*Large wound size was defined as 1 SD above the average for the whole cohort.

Table 9.  Multivariate Regression for Wound Dehiscence

Dehiscence RR 95% CI P

Age > 50 years 1.15 0.6 2.19 0.679
BMI < 18.5 0.888 0.378 2.09 0.784
Diabetes mellitus 0.573 0.263 1.25 0.161
Smoking 0.937 0.458 1.92 0.86
Large wound size* 0.725 0.271 1.94 0.521
Osteomyelitis 2.78 1.51 5.13 <0.01
Ischial pressure ulcers 2.27 1.24 4.16 <0.01
*Large wound size was defined as 1 SD above the average for the whole cohort.
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evaluate nutritional status, but their accuracy and reliabil-
ity of nutritional status have recently been questioned.45, 

46 However, albumin and prealbumin have inversely cor-
related with morbidity and mortality across surgical dis-
ciplines.47–49 Because these are imperfect markers, serum 
levels of albumin and prealbumin should be considered in 
light of other clinical findings when making the decision 
to offer elective flap coverage for a pressure ulcer,

Perioperative blood transfusions were associated with 
postoperative complications, including infection, pres-
sure ulcer recurrence, and wound dehiscence. The del-
eterious effects of blood transfusion in the perioperative 
setting are highly debated,50, 51 and the surgical arena is 
experiencing a paradigm shift recently moving toward a 
conservative approach to transfusion.52 Optimal oxygen 
delivery is an integral part of wound healing and plays an 
important role in a successful outcome when flap cover-
age is selected in the setting of a pressure ulcer. Regardless 
of being a marker of high risk or an immunosuppressant, 
the data from our retrospective series suggest that blood 
transfusion in the perioperative setting should be used 
only when necessary to minimize risk in this high-risk pa-
tient population.

Longer operative times and large wounds had higher 
rates of infection, and longer operative times were as-
sociated with higher rates of wound dehiscence. These 
findings are difficult to interpret because pressure ulcers 
requiring longer operative times may be inherently more 
complicated and at a higher risk for infection and wound 
dehiscence. However, longer operative times have been 
associated with negative postoperative outcomes includ-
ing wound complications.53, 54 Thus, our current finding 
of higher infection rates in larger pressure ulcers is not 
unexpected. No previous review of pressure ulcer recon-
struction has found wound size as a risk factor.13 Large 
wounds are intrinsically at higher risk for infection and 
wound dehiscence, and hence, wound size is an important 
factor when selecting operative candidates.

Underlying osteomyelitis can be challenging to di-
agnose in patients with pressure ulcers and is likely un-
derdiagnosed.55 In our study, acute osteomyelitis was an 
independent risk factor for wound dehiscence. Curiously, 
those with chronic osteomyelitis were not at increased risk 
for wound complications nor was there an increased risk 
of infection or ulcer recurrence noted in those patients 
with active osteomyelitis. Given these findings, it is appro-
priate to delay pressure ulcer reconstruction in those with 
active infections to avoid wound complications.

Although our study is limited by its retrospective na-
ture, it is one of the largest reviews of pressure ulcer recon-
struction to date. Another limitation is that rehabilitation 
data of our patients were not uniformly available, and 
given rehabilitation status may play a role in postoperative 
complications, future studies should address this.

Successful outcomes after pressure ulcer reconstruc-
tion remain a formidable challenge. Our data should 
provide the impetus for surgeons to renew their risk re-
duction efforts aimed at improving outcomes. Our report 
identifies numerous risk factors that should be considered 
when offering flap reconstruction. However, each pa-

tient must be evaluated independently and appropriately 
stratified by risk. Prospective clinical trials are needed in 
pressure ulcer reconstruction to validate risk factors and 
develop proper patient selection criteria that will reduce 
risk and improve outcomes.
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