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Determination of the Duration of Preoperative Smoking
Cessation to Improve Wound Healing after Head and Neck

Surgery
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Background: Preoperative smoking cessation has been sug-
gested to be effective in reducing various postoperative compli-
cations. However, the optimal duration of preoperative smok-
ing cessation for reducing wound complications is unclear.

Methods: One hundred eighty-eight consecutive patients who
underwent reconstructive head and neck surgery at the authors’
institution were included in this retrospective study. Informa-
tion on preoperative smoking habits was obtained from the
patients’ medical records. Smokers were defined as having
smoked within 7 days before surgery. Late, intermediate, and
early quitters were defined as patients whose duration of absti-
nence from smoking was 8-21, 22-42, and 43 days or longer
before the operation, respectively. Patients who required post-
operative debridement, resuture, or reconstruction of their flap
before hospital discharge were defined as having had impaired
wound healing.

Results: The incidences (95% confidence intervals) of im-
paired wound healing among the late, intermediate, and early
quitters and nonsmokers were 67.6% (52—-83%), 55.0% (33—
77%), 59.1% (47-71%), and 47.5% (32—63%), respectively, and
the incidence of impaired wound healing was significantly
lower among the intermediate quitters, early quitters, and non-
smokers than among the smokers (85.7% [73—97%]). After con-
trolling for sex, age, American Society of Anesthesiologists
physical status, operation time, history of diabetes mellitus,
chemotherapy, radiation therapy, and the type of flap, the odds
ratios (95% confidence intervals) for development of impaired
wound healing in the late, intermediate, early quitters, and
nonsmokers were 0.31 (0.08—1.24), 0.17 (0.04—0.75), 0.17 (0.05—
0.60), and 0.11 (0.03-0.51), respectively, compared with the
smokers.

Conclusions: Preoperative smoking abstinence of longer than
3 weeks reduces the incidence of impaired wound healing
among patients who have undergone reconstructive head and
neck surgery.

CLINICAL studies have revealed that smokers have a
higher incidence of perioperative respiratory'~> and car-
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diovascular®® complications than nonsmokers. Recently,
many clinical studies found that smoking has adverse
effects on wound healing("8 and that smoking cessation
has been suggested to be effective to reduce wound
complications of various types of invasive surgeries.’
However, the minimum duration of the smoke-free pe-
riod before surgery needed to improve postoperative
wound healing has not been well documented.

Head and neck carcinoma is a smoking-related cancer.
Radical resection with wide surgical incisions and free
flap reconstruction are often performed, and impaired
wound healing of various degrees is often observed.
Because impaired wound healing is associated with poor
surgical outcome and increased duration of hospital
stay,'®~'? it is important to prevent the occurrence of
impaired wound healing. The aim of this study was to
assess the duration of preoperative smoking cessation
that reduces the incidence of impaired wound healing in
patients who undergo reconstructive head and neck
surgery that would reduce the rate of postoperative
complications. If there is a clinically useful, relatively
shorter smoke-free duration in preoperative smoking pa-
tients that reduces the risk of postoperative complica-
tions, such information could be conveyed to patients
with a smoking habit and could encourage them to quit
smoking.

Materials and Methods

Design/Subjects

The study subjects were 188 consecutive patients who
underwent removal of nasal, oral, pharyngeal, laryngeal,
or cervical esophageal cancer and reconstruction requir-
ing a free flap with a vascular pedicle at our institution
between January 1996 and December 2001. By review-
ing their medical records, we ascertained the preopera-
tive and intraoperative details and determined whether
any impaired wound healing occurred during the hospi-
tal admission. This retrospective cohort study was ap-
proved by the Ethical Committee of Osaka Medical Cen-
ter for Cancer and Cardiovascular Diseases (Osaka,
Japan).

Assessment of Preoperative Factors and Smoking

Bebavior

We collected the following information from the med-
ical records of each patient: sex, age at the time of
surgery, height, weight, American Society of Anesthesi-
ologists physical status, presence of diabetes mellitus or
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chronic obstructive pulmonary disease if the patient was
noted to have diabetes mellitus or chronic obstructive
pulmonary disease in his or her medical record, serum
albumin concentration, history of steroid use if it was
written in the medical record that a steroid was pre-
scribed for the patient during the study period, and
whether chemotherapy or radiation therapy had been
administered before surgery. Information on the smok-
ing habit was obtained from (1) the routine self-admin-
istered questionnaire about the health status of the pa-
tient at the first visit, (2) the interview at admission by
nurses, and (3) the preoperative interview by the anes-
thesiologist 1 or 2 days before the surgery. If these three
data were conflicting, we chose the shortest duration of
smoking cessation.

The patients were divided into five groups based on
their smoking habits. Smokers were defined as those
who had smoked within 7 days before the operation
(n = 28). Ex-smokers were divided into three groups
according to the duration of the smoke-free period be-
fore the surgery to elucidate whether there is a clinically
useful duration of preoperative smoking cessation that
reduces the incidence of impaired wound healing. The
late, intermediate, and early quitters were defined as
patients whose smoke-free duration was between 8 and
21 days (n = 34), between 22 and 42 days (n = 20), and
more than 43 days (n = 66) before the operation, re-
spectively. We divided the ex-smokers into three groups
according to these cutoff points because the average
interval from the first visit to the surgery and average
interval from admission to the surgery among head and
neck cancer patients at our hospital were approximately
6 and 3 weeks, respectively. Nonsmokers were defined
as those who had never smoked (n = 40). During the
period conveyed by our study, smoking was strictly
prohibited in our hospital, and no patient in our study
restarted smoking after the operation up to the time of
discharge. Also, any smokers in the patients’ families
could not smoke around the patient preoperatively or
postoperatively; therefore, patients had minimum expo-
sure to environmental tobacco smoking in the hospital.

Assessment of Surgical Procedures

From the surgical records, we obtained information on
the type and duration of the surgical procedure that was
performed in each patient. The surgeries were divided
into four categories according to the type of flap: fore-
arm flap (n = 83), rectus abdominis muscle flap (n =
60), free jejunum (n = 33), and other (n = 12).

Assessment of Postoperative Course

One anesthesiologist, who was unaware of the sub-
jects’ smoking histories, reviewed the medical records of
all subjects to determine the occurrence of impaired
wound healing up to the time of hospital discharge. The
determination was based on what kind of interventions
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for the wound was performed by the surgeons. Sponta-
neous healing was defined as healing without postoper-
ative intervention. The patients with impaired wound
healing were divided into three groups based on their
postoperative intervention: (1) debridement or resuture
in the ward; (2) debridement or resuture in the operat-
ing room; and (3) removal and reconstruction of the flap
in the operating room. The wound healing had been
assessed and treated by the surgeons at our hospital
before we started this investigation.

Statistical Analyses

Frequency distributions were determined for discrim-
inate variables and categorized by smoking habit. The
chi-square test was used to compare the distribution of
sex, American Society of Anesthesiologists physical sta-
tus, preoperative coexisting disease, adjuvant therapy,
and surgical procedure between groups. Continuous
data are presented as mean *= SD according to smoking
habit. The Bonferroni multiple comparison technique
after analysis of variance was performed to compare age,
body mass index, smoking consumption, preoperative
serum albumin concentration, and duration of surgery in
the subjects by smoking habit. The correlation between
stepwise improvement of smoking habit and degree of
impaired wound healing was examined by calculating
the Spearman correlation coefficient by ranks. Logistic
regression analysis was performed to estimate the odds
ratios of impaired wound healing as a result of smoking
habit and controlling for potential confounders. In these
analyses, a P value less than 0.05 was considered statis-
tically significant. The statistical analyses were per-
formed using SPSS software (version 12.0J; SPSS Inc.,
Tokyo, Japan).

Because the numbers of subjects belonging to each
week of abstinence duration were small and the varia-
tion in the incidence of impaired wound healing each
week was large, the moving average was used to smooth
such large variation. The 4-week moving average was
calculated to observe the relation between the duration
of the preoperative smoke-free period and the incidence
of impaired wound healing.

Results

The 188 subjects with head and neck carcinoma were
divided into five groups according to the interval of time
between smoking cessation and the surgery. In the five
groups, female patients comprised the majority only among
the nonsmokers. The late quitters were significantly
younger than the early quitters. The other baseline char-
acteristics of the five groups were similar (table 1).

The incidences (95% confidence intervals [CIs]) of
impaired wound healing among the smokers, late quit-
ters, intermediate quitters, early quitters, and nonsmok-
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Table 1. Demographic Data and Clinical Characteristics for Patients by Smoking Status
Intermediate
Smokers Late Quitters Quitters Early Quitters Nonsmokers
(n = 28) (n = 34) (n = 20) (n = 66) (n = 40)
Sex, %

Male 27 (96.4) 32 (94.1) 19 (95.0) 59 (89.4) 13 (32.5)
Female 1(3.6) 2 (5.9 1(5.0) 7 (10.6) 27* (67.5)
Mean age, yr 58.3 £ 9.0 54.7 + 9.4t 58.8 = 8.6 62.9 + 10.61 571 +13.2
BMI, kg/m? 20.4 = 3.10 20.8 = 3.43 20.8 = 3.06 20.7 = 3.00 22.3 +4.71

Smoking habit, pack-years 61.0 = 21.9 41.8 £ 225 48.1 = 28.1 50.6 = 35.2 0
ASA PS, %

| 8 (28.6) 17 (50.0) 7 (35.0) 10 (15.2) 13 (32.5)

Il 20 (71.4) 17 (50.0) 13 (65.0) 55 (83.3) 26 (65.0)

1 0(0.0) 0 (0.0) 0(0.0) 1(1.5) 1(2.5)
Preoperative coexisting disease, %

DM 5(17.9) 5(14.7) 2(10.0) 12 (18.2) 5(12.5)

COPD 2(7.1) 4(11.8) 3 (15.0) 4(6.1) 0 (0)
Preoperative serum albumin concentration, g/dl 44 +0.4 4.4 +0.5 4.4 +0.5 43 0.4 44 05
Preoperative therapy, %

Administration of steroids 1(3.6) 1(2.9) 0(0) 2 (3) (7.5)

Chemotherapy 3(10.7) (8.8) 0(0) 11 (16.7) 5(12.5)

Radiation therapy 4(14.3) 5(14.7) 3(15.0 22 (33.3) 8 (20.0)
Flap, %

Forearm 10 (35.7) 19 (565.9) 9 (45.0) 25 (37.9) 20 (50.0)

Rectus abdominal muscle 12 (42.9) 11 (32.4) 7 (35.0) 21 (31.8) 9 (22.5)

Free jejunum 4 (14.3) 3(8.8) 4 (20.0) 16 (24.2) 6 (15.0)

Others 2(7.1) 1(2.9) 0(0) 4(6.1) 5(12.5)
Surgery duration, min 610.2 = 145.8  603.8 = 109.7 611.5 = 97.5 597.5 = 130.8 537.3 = 101.3

Discriminate variables were analyzed using chi-square test and continuous numbers were summarized mean = SD and analyzed using analysis of variance.

* Female patients comprised the majority only among nonsmokers.

T Early quitters were older than late quitters.

ASA PS = American Society of Anesthesiologists physical status; COPD = chronic obstructive pulmonary disease; DM = diabetes mellitus.

ers were 85.7% (73-97%), 67.6% (52-83%), 55.0% (33-
77%), 59.1% (47-71%), and 47.5% (32-063%),
respectively. The incidence of impaired wound healing
was significantly lower in the intermediate quitters, early
quitters, and nonsmokers than in the smokers (P < 0.05
each); however, the incidence of impaired wound heal-
ing did not significantly differ between the late quitters
and the smokers. There was a significant correlation
between the stepwise improvement of smoking habit
and the degree of impaired wound healing (Spearman
correlation coefficient by ranks, —0.233; P = 0.001;
table 2).

Many factors have been reported to increase the inci-
dence of impaired wound healing; therefore, univariate
analysis was performed to evaluate the effect of each
factor on the development of impaired wound healing.
The odds ratios (ORs) of possible risk factors and their

95% Cls (lower limit- upper limit) are shown in table 3.
Age at the time of surgery of more than 40 yr, longer
duration of surgery, flap other than forearm flap, and
smoking cessation less than 3 weeks before the surgery
were identified as risk factors for development of im-
paired wound healing.

On multivariate analysis, longer operation time re-
mained a significant risk factor (table 3). Compared with
the smokers, the intermediate quitters (OR, 0.17; 95%
CI, 0.04-0.75), early quitters (OR, 0.17; 95% CI, 0.05-
0.60), and nonsmokers (OR, 0.11; 95% CI, 0.03-0.51)
had a significantly lower risk of development of impaired
wound healing. The late quitters tended to have a lower
risk of impaired wound healing than the smokers (OR,
0.31; 95% CI, 0.08-1.24).

When we factored in the total amount of cigarette
consumption (pack-years) in the multivariate model,

Table 2. Smoking Status and Incidence of Impaired Wound Healing

Smokers Late Quitters Intermediate Quitters Early Quitters Nonsmokers
(n = 28) (n =34 (n = 20) (n = 66) (n = 40)
Spontaneous healing, % 4(14.3) 11 (32.4) 9 (45.0) 27 (40.9) 21 (52.5)
Impaired wound healing, % 24 (85.7) 23 (67.6) 11 (55.0%) 39 (59.1%) 19 (47.5%)
Wound treatment in the ward 12 (42.9) 15 (44.1) 4 (20) 20 (30.3) 13 (32.5)
Wound treatment in the operating room 7 (25.0) 3(8.8) 7 (35.0) 12 (18.2) 6 (15.0)
Removal and reconstruction of the flap 5(17.9) 5(14.7) 0 (0.0 7 (10.6) 0 (0.0

There was a significant correlation between the stepwise improvement of smoking habit and the degree of impaired wound healing. Spearman correlation

coefficient by ranks, —0.233; P = 0.001.
* P < 0.05 lower than current smoker.
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Table 3. Factors Associated with the Development of Impaired Wound Healing in Patients Who Underwent Head and Neck
Surgery According to Univariate and Multivariate Logistic Regression Analyses

Odds Ratio

Variable Reference Value Univariate 95% Cl Multivariate 95% ClI

Sex Female Male 1.22 0.59-2.52 0.47 0.16-1.39
Age =40 yr > 40 yr 4.05 1.01-16.22 3.91 0.73-21.10

ASA-PS 1 2o0r3 1.23 0.65-2.34 0.95 0.43-2.09

Surgery duration For every additional 1 min 1.01 1.00-1.01 1.01 1.00-1.01

DM - + 217 0.88-5.39 2.06 0.73-5.79
Chemotherapy - + 2.30 0.81-6.54 3.30 0.76-14.32

Radiation therapy - + 1.32 0.64-2.71 1.06 0.39-2.93

Flap Forearm Others 0.39 0.21-0.71 0.63 0.31-1.28

Smoking habit Smokers Late quitters 0.35 0.10-1.25 0.31 0.08-1.24

Intermediate quitters 0.20 0.05-0.81 0.17 0.04-0.75

Early quitters 0.24 0.08-0.77 0.17 0.05-0.60

Nonsmokers 0.15 0.04-0.51 0.11 0.03-0.51

Cl = confidence interval; DM = diabetes mellitus.

there was no significant change in the OR for the devel-
opment of impaired wound healing (intermediate quit-
ters: OR, 0.16; 95% CI, 0.03-0.87; early quitters: OR,
0.13; 95% CI, 0.03-0.56). Therefore, the total amount of
cigarette consumption (pack-years) did not have a signif-
icant effect on the relation between smoking cessation
and impaired wound healing.

Moving average analysis indicated that the risk of de-
velopment of impaired wound healing started to de-
crease in patients who stopped smoking 1-4 weeks
before the surgery. The declining trend continued in
those whose preoperative smoke-free periods were 5-8
weeks (fig. 1).

Discussion

Many clinical studies have found that smoking is an
independent risk factor for impaired wound heal-
ing."*"'> However, the optimal duration of smoking ces-
sation that reduces the risk of impaired wound healing
has not been defined.

Limited information about the optimal timing of smok-
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Fig. 1. Moving average of impaired wound healing among smok-
ers and ex-smokers. The risk of development of impaired
wound healing started to decrease in patients who stopped
smoking 1-4 weeks before surgery. The declining trend contin-
ued in those whose preoperative smoke-free periods were 5-8
weeks.
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ing cessation before surgery to reduce the incidence of
impaired wound healing is available. Three studies ex-
amined the effects of preoperative smoking cessation on
postoperative wound healing. Smoking cessation 2
weeks before colorectal surgery did not reduce the in-
cidence of postoperative wound complications,16 al-
though smoking cessation 6 - 8 weeks before hip or knee
alloplasty did so0.° Moreover, 4-week abstinence from
smoking led to reduced incisional wound infections in
an experimental setting.'”

The current study revealed that a 3ee-week smoke-free
period reduced the incidence of impaired wound heal-
ing among patients who underwent reconstructive head
and neck surgery to the incidence among nonsmokers.
Although the effect was not significant, a 1- to 3-week
smoke-free period tended to reduce the incidence of
impaired wound healing. In this study, we considered
that the number of late quitters and smokers was too
small to make a definitive conclusion about whether a
preoperative smoke-free interval of less than 3 weeks
decrease the incidence of impaired wound healing.
Therefore, we strongly recommend that smoking pa-
tients who are going to undergo reconstructive head and
neck surgery quit smoking as soon as possible.

Among patients who underwent breast cancer surgery,
an increase in smoking consumption had a detrimental
effect on wound healing after the surgery.” However,
after controlling for smoking consumption, we found
that the level of smoking consumption had no influence
on the beneficial effect of smoking cessation on wound
healing. That is, our data suggest that smoking cessation
for longer than 3 weeks before reconstructive head and
neck surgery is beneficial for all smokers, regardless of
their level of smoking consumption.

Cigarette smoke contains more than 4,000 toxic com-
pounds, some of which cause impaired wound healing.
Nicotine, carbon monoxide, and hydrogen cyanide com-
bine to reduce the amount of utilizable oxygen and other

20z Iudy g1 uo 3senb Aq pd°50000-000505002-2¥S0000/LE0YS59/268/5/20 L /3pd-ajoie/ABojoIsayisaue/ oo JIeyoIaA|is Zese//:dpy woy papeojumoq



896

KURI ET AL.

substances required for healing.'® In addition, the syn-
thesis of subcutaneous collagen is impeded in smok-
ers.'” However, the time course of the reversal of these
negative effects of smoking after cessation has not been
examined, except for the relation between nicotine and
tissue hypoxia.?® Therefore, further research is needed
to explain how smoking cessation improves wound heal-
ing and to examine whether the less than 3 weeks of
preoperative smoking cessation can improve wound
healing.

One limitation of this study is that we did not confirm
the smoking status of the patients using biologic moni-
toring techniques such as monitoring of the expired
carbon monoxide concentration or nicotine metabolite
monitoring. Some smokers and ex-smokers may have
underreported their smoking habit, resulting in misclas-
sification in our study. However, we believe that this
misclassification would have overestimated the risk for
impaired wound healing among late and intermediate
quitters and underestimated the effect of preoperative
smoking cessation on the incidence of impaired wound
healing in the current analysis. Another limitation was
our definition of impaired wound healing. We obtained
information on the interventions for the patients’
wounds only from their medical records. There may
have been the inconsistency in the assessment of im-
paired wound healing that had been judged by surgeons.
However, such inconsistency would reveal the nondif-
ferential misclassifications among the group of smoking
status. Therefore, these misclassifications would have
underestimated the effect of the duration of the preop-
erative smoking cessation on the incidence of impaired
wound healing in the current analysis.

In conclusion, our retrospective study indicated that
among patients who undergo reconstructive head and
neck surgery, smoking cessation for 3 weeks or longer
before the surgery lowers the risk of impaired wound
healing. Therefore, to obtain the necessary duration of
smoking abstinence, this information should be dissem-
inated to primary physicians who refer patients with
head and neck carcinoma to surgeons as well as to
surgeons.

Anesthesiology, V 102, No 5, May 2005

The authors thank staff doctors of the Department of Otolaryngology, Head
and Neck Surgery, Osaka Medical Center for Cancer and Cardiovascular Diseases,
Osaka, Japan, for their assistance with this manuscript.

References

1. Nakagawa M, Tanaka H, Tsukuma H, Kishi Y: Relationship between the
duration of the preoperative smoke-free period and the incidence of postopera-
tive pulmonary complications after pulmonary surgery. Chest 2001; 120:705-10

2. Warner MA, Divertie MB, Tinker JH: Preoperative cessation of smoking and
pulmonary complications in coronary artery bypass patients. ANESTHESIOLOGY
1984; 60:380-3

3. Bluman LG, Mosca L, Newman N, Simon DG: Preoperative smoking habits
and postoperative pulmonary complications. Chest 1998; 113:883-9

4. Gedebou TM, Barr ST, Hunter G, Sinha R, Rappaport W, VillaReal K: Risk
factors in patients undergoing major nonvascular abdominal operations that
predict perioperative myocardial infarction. Am J Surg 1997; 174:755-8

5. Gersh BJ, Kronmal RA, Frye RL, Schaff HV, Ryan TJ, Gosselin AJ, Kaiser GC,
Killip T: Coronary arteriography and coronary artery bypass surgery: Morbidity
and mortality in patients ages 65 years or older. A report from the Coronary
Artery Surgery Study. Circulation 1983; 67:483-91

6. Moller AM, Villebro N, Pedersen T, Tonnesen H: Effect of preoperative
smoking intervention on postoperative complications: A randomised clinical
trial. Lancet 2002; 359:114-7

7. Sorensen LT, Horby ], Friis E, Pilsgaard B, Jorgensen T: Smoking as a risk
factor for wound healing and infection in breast cancer surgery. Eur J Surg Oncol
2002; 28:815-20

8. de Cassia Braga Ribeiro K, Kowalski LP, Latorre Mdo R: Perioperative
complications, comorbidities, and survival in oral or oropharyngeal cancer. Arch
Otolaryngol Head Neck Surg 2003; 129:219 -28

9. Padubidri AN, Yetman R, Browne E, Lucas A, Papay F, Larive B, Zins J:
Complications of postmastectomy breast reconstructions in smokers, ex-smok-
ers, and nonsmokers. Plast Reconstr Surg 2001; 107:342-9

10. Kurz A, Sessler DI, Lenhardt R: Perioperative normothermia to reduce the
incidence of surgical-wound infection and shorten hospitalization. Study of
Wound Infection and Temperature Group. N Engl ] Med 1996; 334:1209-15

11. Zoutman D, McDonald S, Vethanayagan D: Total and attributable costs of
surgical-wound infections at a Canadian tertiary-care center. Infect Control Hosp
Epidemiol 1998; 19:254 -9

12. Greif R, Akca O, Horn EP, Kurz A, Sessler DI: Supplemental perioperative
oxygen to reduce the incidence of surgical-wound infection. Outcomes Research
Group. N Engl ] Med 2000; 342:161-7

13. Hensel JM, Lehman JA, Tantri MP, Parker MG, Wagner DS, Topham NS: An
outcomes analysis and satisfaction survey of 199 consecutive abdominoplasties.
Ann Plast Surg 2001; 46:357-63

14. Adams CI, Keating JF, Court-Brown CM: Cigarette smoking and open tibial
fractures. Injury 2001; 32:61-5

15. Manassa EH, Hertl CH, Olbrisch RR: Wound healing problems in smokers
and nonsmokers after 132 abdominoplasties. Plast Reconstr Surg 2003; 111:
2082-7

16. Sorensen LT, Jorgensen T: Shortterm pre-operative smoking cessation
intervention does not affect postoperative complications in colorectal surgery: A
randomized clinical trial. Colorectal Dis 2003; 5:347-52

17. Sorensen LT, Karlsmark T, Gottrup F: Abstinence from smoking reduces
incisional wound infection: A randomized controlled trial. Ann Surg 2003; 238:
1-5

18. Silverstein P: Smoking and wound healing. Am J Med 1992; 93:22S-4S

19. Jorgensen LN, Kallehave F, Christensen E, Siana JE, Gottrup F: Less colla-
gen production in smokers. Surgery 1998; 123:450-5

20. Jensen JA, Goodson WH, Hopf HW, Hunt TK: Cigarette smoking decreases
tissue oxygen. Arch Surg 1991; 126:1131-4

20z Iudy g1 uo 3senb Aq pd°50000-000505002-2¥S0000/LE0YS59/268/5/20 L /3pd-ajoie/ABojoIsayisaue/ oo JIeyoIaA|is Zese//:dpy woy papeojumoq



