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Smoking results in impaired wound healing and poor
surgical results. In this retrospective study, we compared
outcomes in 155 smokers, 76 ex-smokers, and 517 non-
smokers who received postmastectomy breast reconstruc-
tions during a 10-year period. Ex-smokers were defined as
those who had quit smoking at least 3 weeks before
surgery.

Transverse rectus abdominis musculocutaneous
(TRAM) flap surgery was performed significantly less of-
ten in smokers (24.5 percent) than in ex-smokers (30.3
percent) or nonsmokers (39.1 percent) (p < 0.001). Tis-
sue expansion followed by implant was performed in 112
smokers (72.3 percent), 50 (65.8 percent) ex-smokers,
and 304 nonsmokers (58.8 percent) (p = 0.002).

The overall complication rate in smokers was 39.4 per-
cent, compared with 25 percent in ex-smokers and 25.9
percent in nonsmokers, which is statistically significant (p
= 0.002). Mastectomy flap necrosis developed in 12 smok-
ers (7.7 percent), 2 ex-smokers (2.6 percent), and 8 non-
smokers (1.5 percent) (p < 0.001). Among patients re-
ceiving TRAM flaps, fat necrosis developed in 10 smokers
(26.3 percent), 2 ex-smokers (8.7 percent), and 17 non-
smokers (8.4 percent). Abdominal wall necrosis was more
common in smokers (7.9 percent) than in ex-smokers (4.3
percent) or nonsmokers (1.0 percent).

In this large series, tissue expansion was performed
more often in smokers than was autogenous reconstruc-
tion. Complications were significantly more frequent in
smokers. Mastectomy flap necrosis was significantly more
frequent in smokers, regardless of the type of reconstruc-
tion. Breast reconstruction should be done with caution
in smokers. Ex-smokers had complication rates similar to
those of nonsmokers. Smokers undergoing reconstruc-
tion should be strongly urged to stop smoking at least 3
weeks before their surgery. (Plast. Reconstr. Surg. 107:
342, 2001.)

Smoking has well-documented adverse ef-
fects on wound healing, oxygen delivery, and
blood flow in tissues. Numerous clinical studies

have substantiated that cigarette smokers are at
increased risk for problems with wound
healing.'?

Compromised wound healing is a particular
concern in smokers undergoing breast recon-
structive surgery. The incidence of complica-
tions in wound healing after breast surgery is
significantly higher in smokers than in
nonsmokers.* %

Smoking was identified as a risk factor for
flap necrosis in patients undergoing transverse
rectus abdominis musculocutaneous (TRAM)
flap breast reconstruction,*” and as a result,
some centers simply exclude smokers from
candidacy for such procedures. However, some
other studies have found no major differences
in complication rates in smokers and non-
smokers, and the authors of these studies do
not consider smoking a contraindication to
TRAM flaps.®?

In his experience with 227 patients, Kroll'?
found that abdominal wall necrosis was more
common in current and former smokers (27.5
percent) than in nonsmokers (5.9 percent).
Current smokers had higher risks than ex-
smokers, who in turn had higher risks than
nonsmokers did. He defined ex-smokers as
those who had smoked in the past but had quit
at least 12 months earlier.

Thus, controversy still exists about the safety
of autogenous breast reconstructions in active
smokers. The purpose of our study was to clar-
ify the issues by comparing the results of the
various types of breast reconstructions in active
smokers, ex-smokers, and nonsmokers. To our
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knowledge, this is the largest study of smoking
as a risk factor in breast reconstruction.

PATIENTS AND METHODS

All patients at the Cleveland Clinic Founda-
tion who had undergone reconstruction after
mastectomy using either prostheses or autoge-
nous tissue between 1988 and 1997 were in-
cluded in the study. Different options of breast
reconstruction were discussed with each pa-
tient. The selection criteria varied because
there were six different plastic surgeons who
performed the reconstruction. In the early part
of the study, reconstruction using tissue ex-
panders was the most commonly performed
operation. From 1993 onward, autogenous re-
construction using TRAM flap was the recon-
structive method of choice. There was no se-
lection bias in the type of TRAM flap chosen
(free versus pedicled) in the three groups.

We defined active smokers as those who
smoked at the time of surgery. Smokers were
asked to quit smoking when they were first
seen in the Outpatient Clinic. Elective surgery
usually was scheduled after 3 weeks. Patients
who reported that they had quit smoking 3
weeks or more before surgery were classified as
ex-smokers. Nonsmokers were those who re-
ported never smoking.

The patient data were obtained through re-
view of hospital records and photographs. Data
compiled (using Epi-Info 6.04 software) in-
cluded patient and tumor characteristics,
smoking history, type of reconstruction, com-
plications, and the number of procedures re-
quired to obtain the final result.

Complication and treatment rates were com-
pared between smoking status groups using
Mantel-Haenszel tests for general association.
The test examined whether the response vari-
ables (complications, Y/N, or treatment, Y/N)
were associated in nonspecific ways among the
smoking status levels. The null hypothesis held
that there would be no association among the
levels. Post hoc comparisons were made using
chi-square tests with Bonferroni adjustments to
the alpha levels. No p values were estimated for
component subgroup comparisons because no
prior hypothesis had been made concerning
their distribution and because the number of
events for these subcategories was quite small.
All tests were two-sided. Statistical analysis was
performed using Statistical Analysis Software
(Cary, N.C.).

RESULTS

Of the 748 patients who underwent breast
reconstruction, 155 (20.7 percent) were active
smokers, 76 (10.2 percent) were ex-smokers,
and 517 (69.1 percent) were nonsmokers. The
mean age of active smokers was 47.7 years
(range, 30 to 76), of ex-smokers, 50.1 years
(range, 14 to 73), and of nonsmokers, 49.4
years (range, 24 to 77). The mean length of
stay in the hospital was 3.45 days (range, 1 to
10) for active smokers, 3.35 days (range, 1 to 7)
for ex-smokers, and 3.75 days (range, 1 to 25)
for nonsmokers.

TRAM flap surgery was performed signifi-
cantly more often among nonsmokers (Table
I) than among smokers or ex-smokers. Tissue
expansion followed by implant was the recon-
struction method used most frequently for
smokers and was used significantly less often in
the other groups.

Immediate reconstruction was performed in
144 smokers (92.9 percent), 65 ex-smokers
(85.5 percent), and 466 nonsmokers (90.1 per-
cent). Eleven smokers, 9 ex-smokers, and 51
nonsmokers underwent bilateral breast
reconstruction.

The overall complication rate was 39.4 per-
cent (61 of 155) in active smokers. This was
significantly higher than the rates of 25 per-
cent (19 of 76) for ex-smokers and 25.9 per-
cent (134 of 517) for nonsmokers (p = 0.002).
Mastectomy flap necrosis was significantly
more frequent in active smokers (Fig. 1).
Twelve smokers (7.7 percent), two ex-smokers
(2.6 percent), and eight nonsmokers (1.5 per-
cent) developed such necrosis (p < 0.001).

Implants/Expanders

Among the 481 patients who had reconstruc-
tions with prostheses, 116 were smokers, 53
were ex-smokers, and 312 were nonsmokers.
Prosthetic reconstructions were complicated
by mastectomy flap (native breast skin) necro-

TABLE I
Frequency of Reconstruction Procedures in 748 Breast

Reconstruction Patients

Smokers Ex-smokers Nonsmokers
Reconstruction (n = 155) (n = 76) (n = 517)

Type n (%) n (%) n (%) p Value
TRAM flap 38 (24.5) 23 (30.3) 202 (39.1) <0.001
Latissimus flap 1 (0.6) 0 3 (0.6) 0.97
Implants 4 (2.6) 3 (3.9 8 (1.5) 0.30
Tissue expander 112 (72.3) 50 (65.8) 304 (58.8) 0.002
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FiG. 1. (Above) Mastectomy flap necrosis, pictured in a
51-year-old smoker, 3 weeks after surgery. Necrotic skin has
already been debrided. (Below) Complete healing seen here
because of secondary intention, after 6 weeks.

sis, capsular contracture, infection, wound de-
hiscence, seroma, and hematoma (Table II).
Complications were significantly more com-
mon in smokers (37.1 percent) than in ex-
smokers (24.5 percent) and nonsmokers (26.6
percent) (p = 0.05). Mastectomy flap necrosis
was more common in smokers than in ex-
smokers and nonsmokers. We also noted a

TABLE 11
Complications in Smokers, Ex-smokers, and Nonsmokers

Who Received Implants and Tissue Expanders

Smokers Ex-smokers Nonsmokers
(n = 116) (n = 53) (n = 312) P
n (%) n (%) n (%) Value
Complications
(patients) 43 (37.1) 13 (24.5) 83 (26.6) 0.05
Complications (type)
Seroma 6 (5.2) 3 (5.7) 8 (2.6)
Hematoma 2 (1.7) 0 2 (0.6)
Infection 5 (4.3) 5(9.4) 13 (4.2)
Mastectomy flap
necrosis 9 (7.8) 1(1.9) 1 (1.3)
Wound dehiscence 1 (0.9) 0 1 (0.3)
Capsule 28 (24.1) 8 (15.1) 51 (16.3)
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higher incidence of capsular contracture (Bak-
er’s grades III and IV) in smokers than in
ex-smokers or nonsmokers.

TRAM Flaps

Among those who had TRAM flap recon-
struction, complications were significantly
more common in smokers (Table III). Partial
flap necrosis, defined as necrosis of a signifi-
cant portion of the flap requiring debridement
in the operating room, did not develop at dif-
ferent rates in the three groups (Fig. 2). Ne-
crosis of the anterior abdominal wall was seen
typically in the infraumbilical region, which
occasionally involved the umbilicus as well, and
it was more frequent among smokers (Fig. 3).
Fat necrosis (an area of thickening, firmness,
irregularity, or a draining sinus) also devel-
oped more frequently in smokers (Fig. 4). Fur-
thermore, the incidence of mastectomy flap
necrosis was higher in smokers. Secondary re-
vision procedures after TRAM flap reconstruc-
tion, either for scar revision or for reshaping
the flap with excision or liposuction, did not
occur more frequently in smokers.

We compared the complications in the three
groups with only unipedicle TRAM flaps (Ta-
ble IV). The complication rate was higher in
smokers. The incidence of abdominal hernia
(Fig. 5) and mastectomy flap necrosis was
higher in smokers.

Eighteen double-pedicle TRAM flaps were
performed in this series (Table V). The overall
complication rate was higher in smokers. Next,
we looked at free TRAM flaps and found that
the complication rates in the three groups
were not different (Table VI). Finally, we com-
pared the complication rates in smokers who
received unipedicle, bipedicle, and free
TRAMs (Table VII). There were no significant
differences in the overall complication rates
among the three groups.

DISCUSSION

Nicotine and carbon monoxide are the most
potent toxins present in tobacco smoke that
adversely affect tissue oxygenation and impair
wound healing. Nicotine indirectly inhibits
capillary blood flow by systemically releasing
catecholamines.'"'? Carbon monoxide com-
petitively inhibits the binding of oxygen, caus-
ing the oxyhemoglobin dissociation curve to
shift to the left and decreasing the oxygen
availability to tissues. Nonreversible vascular
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TABLE III
Complications among Smokers, Ex-smokers, and
Nonsmokers Receiving TRAM Flaps

Smokers Ex-smokers Nonsmokers
(n = 38) (n = 23) (n = 202) P
n (%) n (%) n (%) Value
Complications
(patients) 18 (47.4) 6 (26.1) b1 (25.2) 0.01
Complication (type)
Seroma 3(7.9) 0 13 (6.4)
Hematoma 0 0 9 (4.5)
Infection 3 (7.9) 0 10 (5.0)
Partial necrosis 4 (10.5) 1 (4.3) 7 (8.5)
Total necrosis 1 (2.6) 1 (4.3) 2 (1.0)
Fat necrosis 10 (26.3) 2 (8.7) 17 (8.4)
Hernia 4 (10.5) 2 (8.7) 9 (4.5)
Mastectomy flap
necrosis 3 (7.9) 1 (4.3) 4 (2.0)
Abdominal wall
necrosis 3(7.9) 1 (4.3) 2 (1.0)
Wound dehiscence 2 (5.3) 0 3 (1.5)

Further surgery
Scar revision 4 (10.5) 4 (17.4) 19 (9.4)
TRAM revision 10 (26.3) 7 (30.4) 48 (23.8)

occlusive changes consequent to cigarette
smoking are less well documented.'*!*

Flap survival in animal models is impaired by
exposure to tobacco smoke.'”"'7 Smokers have
significantly greater wound problems and pro-
duce unacceptable scars.'®! Smoking affects
the survival of skin flaps and grafts.*~** Smok-
ing has adverse sequelae after digital replanta-
tion.” In experimental studies, Gu et al.** dem-
onstrated that cigarette smoking delayed the
healing of endothelia at the anastomotic site of
vessels and promoted platelet aggregation.
However, in clinical microsurgery, anastomotic
patency and flap survival rates are not different
in smokers.?>?* We also did not find any signif-
icant differences in complications in the three
groups with free TRAM reconstruction.

FiG. 2. Partial necrosis in a pedicled TRAM flap seen here
in a 49-year-old smoker, 17 days after operation.

Breast reconstruction after mastectomy in-
volves extensive dissection of tissue, and skin
survival depends on well-vascularized flaps. In
our study, the overall complication rate among
smokers was significantly higher than in other
groups, but the risk for ex-smokers was no
greater than that of nonsmokers.

Smoking is one of the significant predispos-
ing factors for development of skin problems
in prosthetic reconstruction.”” We found an
overall high incidence of complications in ac-
tive smokers undergoing implant or expander
reconstruction. Capsular contracture (Baker’s
grades III and IV) occurred somewhat more
frequently in smokers. Smoking may be one of
the contributing factors for the development
of capsule.

Currently, autogenous reconstruction with
TRAM flaps is the most popular method of
breast reconstruction. We noticed a higher
complication rate in active smokers for uni-
pedicle and bipedicle flaps. Partial flap loss
and fat necrosis continue to be concerns for
autogenous reconstructions, particularly in pa-
tients with high-risk factors.® Fat necrosis was
more frequent among smokers in our study.
Kroll et al.* reported that smokers developed
fat necrosis more often than nonsmokers, but
the trend was not statistically significant. How-
ever, in their group, smokers included both
current and former smokers.

Surgical delay has been useful in operating
on high-risk patients.’**! Delay may reduce
flap-related complications in high-risk patients
such as smokers, but it will not address the
issue of necrotic complications in the native
breast skin and abdominal wall.

Various studies have shown that smokers
have an increased risk of developing necrosis
of native breast skin after mastectomy.” In
our series, mastectomy flap necrosis was a sig-
nificant problem in active smokers. This adds
greatly to the morbidity of the reconstruction,
and sometimes it can delay the commence-
ment of adjuvant radiotherapy or chemother-
apy. With the increasing popularity of skin-
sparing mastectomy, mastectomy flap necrosis
may become more of a problem. A skin-sparing
mastectomy is technically more demanding
than a traditional mastectomy, requiring wide
undermining of breast skin, meticulous surgi-
cal technique, and gentle handling of tissues to
prevent skin flap ischemia. The oncologic sur-
geon should be aware of this problem and
execute more caution when operating on ac-
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FIG. 3. (Left) Infraumbilical (abdominal wall) full-thickness necrosis in a 43-year-old chronic smoker, after a pedicled TRAM
flap reconstruction of left breast. The patient also underwent a right-breast reduction. (Right) Same patient with a close-up view

of the necrosis.

FI1G. 4. Fatnecrosis resulting in asignificant loss of volume
and contour deformity of the right TRAM flap, in a 46-year-
old woman who smoked for 20 years.

tive smokers. Some surgeons routinely use in-
traoperative fluorescein in these high-risk pa-
tients to help delineate the ischemic areas.
Another area of concern is the abdominal
skin below the umbilicus.** We found more
abdominal wall necroses in smokers than in
other patients. Thus, complications associated
with mastectomy flap and the abdominal wall
are a real risk in active smokers. These flaps are
widely undermined and depend on a random
blood supply unlike the axial vascular source of
the TRAM flap. Conservative undermining in

face-lift surgery has decreased the rate of skin
sloughs in smokers.” Ischemic complications
of the mastectomy skin flap and the abdominal
wall can be prevented to some extent by paying
meticulous attention to the dissection of these
flaps, maintaining adequate thickness of flaps,
and avoiding overenthusiastic retraction.
Smokers also tend to cough more than non-
smokers, and postoperative coughing can in-
crease the possibility of hematomas and her-
nia. Watterson et al.*® showed that smoking at

TABLE IV
Complications in Smokers, Ex-smokers, and Nonsmokers
Who Received Unipedicle TRAM Flaps

Smokers Ex-smokers Nonsmokers
(n = 26) (n = 20) (n = 152) P
n (%) n (%) n (%) Value

Complications

(patients) 12 (46.2) 6 (30) 40 (26.3) 0.05
Complication (type)

Infection 1(3.8) 0 8 (5.3)
Partial necrosis 3 (11.5) 1(5) 6 (3.9)
Total necrosis 0 1(5) 1 (0.7)
Fat necrosis 7 (26.9) 2 (10) 12 (7.9)
Hernia 4(15.4)  2(10) 7 (4.6)
Mastectomy flap

necrosis 3 (11.5) 1(5) 4 (2.6)
Abdominal wall

necrosis 1(3.8) 1(5) 2 (1.3)
Wound dehiscence 2 (7.7) 0 2 (1.3)
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FiG. 5. Alarge ventral hernia in the right lower quadrant,
pictured in a 57-year-old smoker who underwent a contralat-
eral pedicled TRAM flap for left-breast reconstruction.

the time of surgery was a risk factor for the
development of hernia. In our experience,
the incidence of hernia was increased in
active smokers undergoing unipedicle
reconstructions.

No study has investigated the period of time
necessary for cessation of smoking to have a
positive effect on wound healing. Kinsella et
al.”” divided their patients into three groups—
active smokers, ex-smokers (who had quit
smoking 1 year before surgery), and nonsmok-
ers. They showed that active smokers had
higher complication rates in facial skin flap
surgery. Smoking a single cigarette can pro-
duce skin vasoconstriction for up to 90 min-

TABLE VI
Complications in Patients Receiving Free TRAM Flaps

Smokers Ex-smokers Nonsmokers
(n=5) (n=2) (n = 40) P
n (%) n (%) n (%) Value
Complications
(patients) 2 (40) 0 10 (25) 0.63
Complication (type)
Partial necrosis 0 0 1%(2:5)
Total necrosis 1 (20) 0 1 (2.5)
Fat necrosis 1 (20) 0 4 (10)
Hernia 0 0 2:(5)

utes.” Jensen et al.* demonstrated a rapid and
significant reduction in the subcutaneous tis-
sue oxygen tension after smoking a cigarette
that lasted for 30 to 50 minutes. The degree of
hypoxia was within the range associated with
poor healing of wounds. The authors esti-
mated that a typical one-pack-per-day smoker
would have significant tissue hypoxia for 15 to
20 hours per day. Van Adrichem et al.* showed
that during smoking the microcirculatory flow
of skin decreases considerably and only recov-
ers by half after 10 minutes of rest. The vaso-
constrictive effect of nicotine usually lasts ap-
proximately 15 minutes after the cessation of
smoking. But the hypoxic effect of cigarette
smoke is more prolonged because of the high
affinity between carbon monoxide and hemo-
globin, and lasts for up to 48 hours. Platelet
adhesiveness and blood viscosity may remain
elevated beyond 24 hours.

Patients should be strongly encouraged to
stop smoking when they are first seen in the
office or when their surgery is scheduled. Pro-
spective patients must be told about the clearly

TABLE VII
Complication Frequencies in Smokers Who Received
Unipedicle, Bipedicle, or Free TRAMs

TABLE V Smokers Smokers
Complications among Smokers, Ex-smokers, and Unig:(ll‘icle Bi[;:(!filrle S AT
Nonsmokers Receiving Bipedicle Flaps Flaps Flaps Free Flaps
(n = 26) (n=17) (n=05) P
n (%) n (%) n (%) Value
Smokers Ex-smokers Nonsmokers (Iomplicalions
(n=2t) (n=1) (n = 10) P (patients) 14 (53.9) 4 (57.1) 2 (40) 0.83
n (%) n (%) n (%) Value Complication (type)
Complications Partial necrosis 3 (11.5) 1(14.3) 0
(patients) 4 (57.1) 0 1 (10) 0.04 Total necrosis 0 1 (5) 1 (20)
Complication (type) Fat necrosis 7 (26.9) 2 (28.6) 1 (20)
Partial necrosis 1(14.3) 0 0 Hernia 4 (15.4) 0 0
Total necrosis 0 0 0 Mastectomy flap
Fat necrosis 2 (28.6) 0 1 (10) necrosis 3 (11.5) 0 0
Abdominal wall Abdominal wall
necrosis 2 (28.6) 0 0 necrosis 1(3.8) 2 (28.6) 0
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documented adverse effects of smoking on
wound healing and survival of flaps. Because
there is often a 2-week to 3-week delay before
surgery is scheduled, we think that getting the
patients to quit smoking works quite well from
a practical standpoint as well. However, the
minimal time that smoking should be avoided
perioperatively is unknown. Recommendations
vary from 1 day to 3 weeks preoperatively and
from 5 days to 4 weeks postoperatively.?!
Smokers undergoing reconstruction should

be strongly urged to stop smoking at least 3
weeks before their surgery. This may provide
some patients with an effective motivation to
stop smoking. Our study clearly showed that
smokers who had quit as little as 3 weeks before
their surgery (ex-smokers) had complication
rates similar to those of nonsmokers. Further
research and prospective studies are needed to
establish the effects on wound healing of ter-
minating smoking before as well as after
surgery.

Arvind N. Padubidri, M.D.

3715 Warrensville Center Road, #340

Shaker Heights, Ohio 44122

arvindp86@yahoo.com
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