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It is important to present patients with accurate 
risk assessment when explaining informed con-
sent for elective surgery. For many surgeons, 

elderly skin is considered a risk factor for poor 
healing. Surgeons may overplay the risk to the 

patient or treat these patients differently without 
scientific evidence. Some of these differences, 
including prolonged splinting, delayed return to 
normal activity, and prolonged antibiotics, are not 
without risk. Wound healing in the elderly has his-
torically been considered defective; however, the 
literature lacks high-quality clinical studies to pro-
vide sufficient evidence.

For the purposes of the study, the American 
College of Surgeons National Quality Improve-
ment Program data set was used. The database was 
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Background: Increasing age has traditionally been associated with impairment 
in wound healing after operative interventions. This is based mostly on hear-
say and anecdotal information. This idea fits with the authors’ understanding 
of biology in older organisms. This dictum has not been rigorously tested in 
clinical practice.
Methods: The American College of Surgeons National Surgical Quality 
Improvement Program database was retrospectively queried for all patients 
undergoing plastic surgery from 2005 to 2010. Variables extracted included 
basic demographics, comorbidities, previous steroid and tobacco use, wound 
classification at the end of the surgery, and development of postoperative sur-
gical-site infections. Multivariate analyses were used to investigate the impact 
of aging in wound dehiscence.
Results: A total of 25,967 patients were identified. Overall, the incidence of 
wound dehiscence was 0.75 percent (n = 196). When patients younger than 
30 years were compared to older patient groups, no difference in the prob-
ability of developing wound dehiscence was noted. Specifically, the groups of 
patients aged 61 to 70 years and older than 70 years did not have statistically 
significant wound healing deficiencies [adjusted OR, 0.63 (95 percent CI, 0.11 
to 3.63), adjusted p = 0.609; 2.79 (0.55 to 14.18), adjusted p = 0.217, for 61 
to 70 years and older than 70 years, respectively]. Factors independently asso-
ciated with wound dehiscence included postoperative abscess development, 
paraplegia, quadriplegia, steroid and tobacco use, deep surgical-site infection 
development, increasing body mass index, and wound classification at the end 
of surgery.
Conclusions: In patients undergoing plastic surgery, wound dehiscence is a 
rare complication (0.75 percent). Aging is not associated with an increased 
incidence of wound dehiscence. (Plast. Reconstr. Surg. 135: 876, 2015.)
CLINICAL QUESTION/LEVEL OF EVIDENCE: Risk, III.
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established in 2004 and collects data from a growing 
number of hospitals in the United States, with over 
300 participating in 2011. The American College of 
Surgeons National Quality Improvement Program 
ensures the quality and validity of the data by pro-
viding surgical clinical reviewers extensive initial 
training before and during the data collection pro-
cess. All data are entered online in a Health Insur-
ance Portability and Accountability Act–compliant, 
secure, Web-based platform that can be accessed 
24 hours per day. The National Quality Improve-
ment Program database is capable of documenting 
outcomes up to 30 days in 95 percent of the cases 
entered into the database.1 As of May 1, 2014, more 
than 500 studies have been performed using the 
database. The purpose of this study was to evalu-
ate the impact of increasing age on wound heal-
ing and identify independent predictors associated 
with an increased incidence of wound dehiscence 
in patients undergoing plastic surgery.

PATIENTS AND METHODS
This is a study using the American College 

of Surgeons National Quality Improvement Pro-
gram database. For the purposes of this study, all 
patients undergoing elective plastic surgery from 
January 1, 2005, to December 31, 2010, were iden-
tified. Pregnant patients were excluded because of 
differences in physiology compared with the rest 
of the population. Hormonal changes, including 
increase of estrogen/progesterone levels, and 
increase in intraabdominal pressure because of 
pregnancy can alter the physiologic response to 
soft-tissue injury and subsequent wound heal-
ing. The American College of Surgeons National 
Quality Improvement Program is a data set that 
was first established in 2004 and collects data from 
participating hospitals around the United States. 
The American College of Surgeons National Qual-
ity Improvement Program documents outcomes 
up to 30 days after admission and uses well-trained 
personnel that undergo frequent auditing in an 
effort to ensure high-data quality.

The patients were divided into two groups 
based on development of wound dehiscence within 
30 days after admission to the hospital. The Ameri-
can College of Surgeons National Quality Improve-
ment Program defines wound dehiscence as 
separation of the layers of a surgical wound, which 
may be partial or complete, with disruption of the 
fascia.2 Patient variables extracted included demo-
graphics (i.e., age and sex), presence of comor-
bidities before surgery (i.e., dyspnea, chronic 
obstructive pulmonary disease, ascites, congestive 

heart failure, myocardial infarction, hypertension 
requiring medication, renal failure, hemodialysis, 
paraplegia, and quadriplegia), septic status before 
surgery, and American Society of Anesthesiolo-
gists classification. Conditions that are traditionally 
associated with impaired wound healing were care-
fully identified and extracted from the database for 
each patient3 (i.e., diabetes mellitus, steroid use, 
prior wound infection, presence of peripheral vas-
cular disease, chemotherapy and radiotherapy for 
malignancy, nutrition status as reflected by albumin 
levels, and tobacco use). To eliminate possible con-
founding factors, the wound classification at the 
end of the operation and the development of surgi-
cal-site infections after surgery were also extracted. 
Because patients undergoing breast reconstruction 
constituted the majority of the study population 
(78 percent), a separate analysis was performed for 
that group. The primary outcome was the develop-
ment of wound dehiscence.

Statistical Analysis
The patients were stratified into two cohorts: 

patients that developed wound dehiscence and 
those that did not. The two groups were compared 
for differences between the characteristics using 
Pearson’s chi square test or Fisher’s exact test as 
appropriate for categorical variables. Continuous 
variables were tested for normality of distribution 
using the Shapiro-Wilk test. Parametric variables 
were compared between the two groups using 
the t test, and nonparametric variables were com-
pared using the Mann-Whitney U test. To identify 
factors that independently predict development 
of wound dehiscence, a forward binary logistic 
regression model was deployed, using variables 
that differed between the two groups at a value of 
p < 0.2. Age was inserted into the regression model 
as a continuous variable. Adjusted odds ratios with 
95 percent confidence intervals and adjusted p 
values were derived from the regression.4

To investigate further the impact of aging 
on development of wound dehiscence, the study 
population was divided into six groups based on 
age at admission (i.e., younger than 30, 31 to 40, 
41 to 50, 51 to 60, 61 to 70, and older than 70 
years). Multivariate analysis was performed adjust-
ing for differences between the two groups (i.e., 
wound dehiscence versus no wound dehiscence) 
at a value of p < 0.05. Age group was inserted into 
the logistic model as an ordinal variable. All com-
parisons were performed using the group of those 
younger than 30 years as the reference group. All 
analyses were performed using SPSS Version 16 
(SPSS, Inc., Chicago, Ill.).
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RESULTS
During the study period, a total of 25,967 

patients underwent surgery performed by a plas-
tic surgeon. The vast majority of these patients 
underwent breast reconstruction (78 percent). 
There were 196 documented instances of wound 
dehiscence (0.75 percent). The overall incidence 
of wound dehiscence was 0.6 percent for patients 
younger than 30 years, 0.7 percent for those aged 
31 to 40 years, 0.8 percent for those aged 41 to 50 
years, 1.0 percent for those aged 51 to 60 years, 
0.6 percent for those aged 61 to 70 years, and 0.6 
percent for those older than 70 years.

Patients that developed wound dehiscence 
were significantly more likely to smoke tobacco 
(25 percent versus 17 percent; p = 0.001), use ste-
roids (4 percent versus 2 percent; p = 0.048), and 
be quadriplegic (1 percent versus 3 percent; p < 
0.001) or paraplegic (0.4 percent versus 1.5 per-
cent; p < 0.001). Patients with contaminated and 

infected wounds at the end of surgery were more 
likely to develop wound dehiscence compared 
with those who had a clean or uncontaminated 
wound (Table 1). Multivariate analysis showed that 
patients that developed an abscess had a 13-fold 
increase in the probability of developing wound 
dehiscence. Other independent predictors of 
impaired wound healing proved to be quadriple-
gia [adjusted OR, 9.6 (95 percent CI, 2.3 to 40.1)], 
paraplegia [adjusted OR, 3.6 (95 percent CI, 2.3 to 
40.1)], previous steroid and tobacco use [adjusted 
OR, 1.3 (95 percent CI, 1.1 to 11.6); and adjusted 
OR, 3.5 (95 percent CI, 2.3 to 15.6), respectively], 
deep surgical-site infection [adjusted OR, 5.3 (95 
percent CI, 1.2 to 23.8)], increasing body mass 
index [adjusted OR, 1.03 (95 percent CI, 1.01 to 
1.06)], and wound classification at the end of sur-
gery. Increasing age did not prove to be an inde-
pendent predictor of wound dehiscence. More 
details are listed in Table 2.

Table 1. Patient Demographics and Clinical Characteristics

Total (%) No Dehiscence (%) Dehiscence (%) p 

No. of patients 25,967 25,771 196
Age, yr 48.9 ± 14.9 48.9 ± 15.2 49.1 ± 14.2 0.975
Male sex 5307 (20.5) 5257 (20.4) 25.5 (50) 0.08
Diabetes mellitus
    Insulin 853 (3.3) 839 (3.3) 14 (7.1) 0.003
    Oral medication 430 (1.7) 428 (1.7) 2 (1.0) 0.003
Tobacco 4398 (16.9) 4347 (16.9) 51 (26.0) 0.001
Comorbidities
    Dyspnea 975 (3.8) 966 (3.7) 9 (4.6) 0.82
    Chronic obstructive pulmonary  

  disease 464 (1.8) 455 (1.8) 9 (4.6) 0.009
    Ascites 15 (0.1) 15 (0.1) 0 (0.0) 1
    Congestive heart failure 81 (0.3) 80 (0.3) 1 (0.5) 0.459
    Myocardial infarction 5261 (20.4) 5197 (20.2) 64 (32.7) <0.001
    Hypertension on medication 7191 (27.7) 7122 (27.6) 69 (35.2) 0.018
    Renal failure 48 (0.2) 46 (0.2) 2 (1.0) 0.051
    Requiring dialysis 153 (0.6) 151 (0.6) 2 (1.0) 0.321
    Cancer 164 (0.6) 160 (0.6) 4 (2.0) 0.036
    Wound infection 2692 (10.4) 2629 (10.2) 54 (27.6) <0.001
    Steroid use 436 (1.7) 429 (1.7) 7 (3.6) 0.048
    Bleeding disorder 497 (1.9) 489 (1.9) 8 (4.1) 0.036
    Chemotherapy for malignancy 387 (1.5) 85 (0.3) 2 (1.0) <0.001
    Radiotherapy for malignancy 85 (0.3) 85 (0.3) 0 (0.0) 1
    Paraplegia 335 (1.3) 329 (1.3) 6 (3.1) <0.001
    Quadriplegia 111 (0.4) 108 (0.4) 3 (1.5) <0.001
Septic status before surgery
    Systemic inflammatory response  

  syndrome 215 (0.8) 213 (0.8) 2 (1.0)
    Sepsis 262 (1.0) 259 (1.0) 3 (1.5)
    Septic shock 29 (0.1) 29 (0.1) 0 (0.0) 0.907
Wound classification after surgery
    Clean 21,506 (82.8) 21,378 (83.0) 128 (65.3)
    Clean/contaminated 1743 (6.7) 1722 (6.7) 21 (10.7)
    Contaminated 1364 (5.3) 1335 (5.2) 29 (14.8)
    Infected 1354 (5.2) 1336 (5.2) 18 (9.2) <0.001
American Society of Anesthesiologists  

  classification
    III 5795 (22.3) 5718 (22.2) 77 (39.3)
    IV 589 (2.3) 578 (2.2) 11 (5.6) <0.001
Preoperative albumin level, g/dl 3.94 ± 0.66 3.95 ± 0.66 3.61 ± 0.68 <0.001



Volume 135, Number 3 • Age and Wound Healing

879

When different age groups were compared 
using the group of patients younger than 30 years 
as the reference and adjusting for all confound-
ing factors, no statistically significant difference 
was noted in the likelihood of developing wound 
dehiscence (Table 3 and Fig. 1). Table 4 displays 
the adjusted outcomes for the total population 
and the subgroup of patients undergoing breast 
reconstruction. No difference in the likelihood of 
developing wound dehiscence was noted between 
the different age groups (Table 4).

DISCUSSION
The impact of aging on the mechanisms of 

wound healing is of particular importance in plas-
tic surgery. The specialty is focused on the impact 
of both internal and external factors of healing. 
Plastic surgeons are often called on to assist other 
surgeons forced to deal with healing problems.5 
Increasing age has traditionally been thought to 
be associated with a decline in both the innate 
and the adaptive immune systems, resulting in 
a higher incidence of surgical-site infection and 
inability to respond adequately to postsurgical 
stress.6–9 In addition, proinflammatory cytokine 
secretion is also thought to be impaired in the 
elderly. In fact, it has been hypothesized that 

impaired wound healing in the elderly could be 
caused by a diminished ability of macrophages to 
produce proinflammatory cytokines in the local 
environment of the wound.10 Emerging literature 
suggests that changes in healing observed with 
aging should be associated not with age itself but 
rather with disease-related changes in the micro-
cellular environment. The consensus regarding 
the effect of age on wound healing is that aging 
results in a temporary delay of the healing pro-
cess, but not an actual impairment in the quality 
of the final scar. In contrast, scars in the elderly 
population tend to be better because there is less 
inflammatory reaction and thus less excessive 
healing resulting in hypertrophic scars or keloids.

Survival of organisms is highly dependent on 
the integrity and functionality of skin. Because 
aging is generally associated with structural and 
functional changes of the skin, and the number of 
epidermal cell layers does not change significantly 
with aging, the stratum corneum may become less 
effective as a barrier.11,12 In elderly men, skin colla-
gen increases in density,13 and the physical proper-
ties become impaired. The collagen becomes less 
soluble, divalent reducible cross-links are replaced 
by nonreducible links,14 and dermal cells reduce 
in number. In addition, microvascular alterations 
are evident in the aging skin, resulting in vascular 
wall widening and atrophy.15 Interestingly, elastin 
content increases with age.

Wound healing is an intricate process, involv-
ing the inflammatory, proliferative, and remodel-
ing phases, which seem to be altered with aging. 
Platelet adherence, the initial phase of hemo-
stasis, has been shown to be enhanced in aged 
patients.16,17 Age has also been shown to have con-
flicting effects on the inflammatory phase. It has 
been associated with a decrease in diapedesis and 
subsequent infiltration of the wound with lympho-
cytes. In addition, the phagocytic ability of macro-
phages may be decreased in patients with advanced 
age.18 In contrast, leukocytes have been shown to 
have an enhanced cytokine release in the elderly 
population.19 The negative effect of age on wound 
healing becomes evident during the proliferative 
phase. Several studies have suggested that during 
this phase, keratinocytes, fibroblasts, and endothe-
lial cells display a reduced proliferative response, 
resulting in delayed reepithelialization, collagen 
synthesis, and angiogenesis.20 Studies have shown 
that during the phase of resolution, wounds in 
older patients tend to have lower tensile strength. 
Those studies, however, failed to take into consid-
eration the multiple comorbidities that may be 
present in the elderly. In the present study, the 

Table 2. Independent Predictors of Wound 
Dehiscence Development*

Step Variable
Adjusted Odds  
Ratio (95% CI)

Adjusted  
p

1 Abscess 13.51 (3.52–51.79) <0.001
2 Quadriplegia 9.61 (2.31–40.05) 0.002
3 Paraplegia 3.59 (1.11–11.55) 0.032
4 Steroid use 1.25 (1.09–1.45) 0.026
5 Tobacco use 3.47 (2.34–15.63) 0.031
6 Deep surgical-site 

infection
5.27 (1.17–23.83) 0.031

7 Increasing body mass 
index

1.03 (1.01–1.06) 0.021

8 Wound classification 1.38 (1.02–1.86) 0.037
*Adjusting for sex, history of comorbidities, wound classification 
at the end of surgery, postoperative surgical-site infections, Ameri-
can Society of Anesthesiologists classification, and preoperative 
albumin level.

Table 3. Incidence of Wound Dehiscence per Age 
Group

Age Group (yr) No. of Patients
Incidence of Wound 

Dehiscence (%)

<30 7791 0.6
31–40 5053 0.7
41–50 4976 0.8
51–60 4873 1
61–70 3012 0.6
>70 262 0.6
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authors performed a robust multivariate analysis 
controlling for a variety of common comorbidities, 
well known to be associated with impaired wound 
healing, such as diabetes and peripheral vascular 
disease. When predictors of wound dehiscence, 
reflecting impaired wound healing, were identi-
fied, steroid use and tobacco use were found to 
be independently associated with increased odds 
of wound dehiscence. The current practice in the 
present institution is to avoid surgery in active 
smokers because of impaired healing, a practice 
that is supported by the results of the study.

Holt et al. in 199221 investigated the wound 
healing process after creating split-thickness 
wounds in the anterior aspect of thighs of healthy 
individuals. The authors then split the study 
population into two groups: young and elderly 
(defined as older than 65 years) and assessed the 
rate of reepithelialization. The study concluded 
that aging led to delayed reepithelialization; how-
ever, no difference in the DNA content of hydroxy-
proline accumulation was found, leading to the 

conclusion that the amount of collagen deposi-
tion remains unchanged with age. The results of 
the study by Holt et al. are in accordance with our 
results, suggesting that the final tensile strength of 
the scar tissue is identical, and as such, in healthy 
elderly patients wound dehiscence rates are not 
significantly different between younger and 
elderly patients.

There are several limitations to the study. 
This is a retrospective review with all the limita-
tions inherent in its design. In addition, patients’ 
wounds were not assessed microscopically, and 
impairment of wound healing was assessed only 
clinically using wound dehiscence as the surro-
gate marker. Finally, the National Surgical Qual-
ity Improvement Program includes only 30-day 
outcomes. It is possible that wound dehiscence 
developed after that time frame, resulting in a 
falsely lower incidence. It needs to be noted that 
most plastic surgery cases are elective, and as such, 
there is usually time for preoperative optimization 
in the elderly, which potentially would result in 

Fig. 1. Forest plot comparing different age groups to those younger than 30 years for wound 
dehiscence.

Table 4. Impact of Age on Wound Dehiscence*

Age Group (yr)

Overall Breast Reconstruction

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

<30 Ref Ref Ref Ref
31–40 3.18 (0.87–11.62) 0.081 2.87 (0.68–5.32) 0.095
41–50 1.16 (0.29–4.65) 0.834 1.86 (0.21–7.23) 0.821
51–60 2.27 (0.62–8.32) 0.217 2.00 (0.42–3.24) 0.651
61–70 0.63 (0.11–3.63) 0.609 1.02 (0.24–2.31) 0.751
>70 2.79 (0.55–14.18) 0.217 4.25 (0.32–19.64) 0.348
Ref, reference.
*Adjusting for sex, history of comorbidities, wound classification at the end of surgery, postoperative surgical-site infections, American Society 
of Anesthesiologists classification, and preoperative albumin level.



Volume 135, Number 3 • Age and Wound Healing

881

better outcomes. There may also be self-selection 
bias for elective surgery. High-risk elderly patients 
may have been counseled not to undergo surgery 
and therefore not included in this database.

CONCLUSIONS
This is, to our knowledge, the largest and most 

rigorous review in the literature of plastic and 
reconstructive surgery to suggest that wound heal-
ing, especially for breast reconstructive surgery, is 
not impaired by age. Within its limitation given its 
retrospective nature, a number of conclusions are 
evident. In patients undergoing plastic surgery in 
the present series, the incidence of wound dehis-
cence was remarkably low (0.75 percent). When 
patients are screened for a surgical intervention, 
age should not necessarily be a prohibitory factor. 
Instead, one should assess the comorbidities asso-
ciated with impaired healing. The present study 
suggests that an otherwise healthy, elderly patient 
will have the same odds of developing wound 
dehiscence as a younger patient.
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