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Microsurgeons suspect that cigarette smoking reduces
the survival of free vascularized flaps and replantations,
but this has never been proven. This experimental study
investigates the effect of smoking on free-flap survival,
igastric flap was used i 30 rats as
afree flap and in 30 rats as a pedicled flap. Of cach group,
10 rats were smoked 6 weeks before and 2 weeks after

A fasciocutancous ¢p

surgery, 10 rats were smoked only 6 weeks before surgery,
and 10 rats underwent the sham smoking procedure. Also,
a distally based dorsal skin flap was cut in all rats, repre-

senting a random vascularized flap. Vitality and size of

both flaps and patency of the vascular anastomoses were
assessed T davs after surgery., The epigastric flaps were
monitored by laser Doppler flowmeny and thermometn
during the experiment,

Survival of the free vascularized epigastric flaps was
significantly lower in smoking rats. All pedicled flaps ex-
cept one survived. The epigastric flaps only necrosed or

survived completely, exactly correlating to the patency off

the vascular anastomoses. The mean surviving arcea of the
dorsal Taps was best for nonsmoking rats, worse for only
preoperatively smoking rats, and worst for preoperatively
and postoperatively smoking rats. The differences were
statistically significant. Postoperative Taser Doppler flow
differed significantly between surviving and dving flaps,
alfirming the value of Taser Doppler flow monitoring in
microvascular surgery.

In conclusion, this study proves that smoking of ciga-
rettes is detrimental to the survival of free vascularized
Mlaps.  (Plast. Reconstr. Surg. 97: 86, 1996.)

Microsurgeons suspect that cigarette smok-
ing reduces the survival of both free vascular-
ized tssue transfers and replantations. In ma-
crovascular surgery, the patency rates of arterial
reconstructions decreased when cigarettes were
smoked. " Besides a case report concerning the
damaging cffect of smoking on digital revascu-
larization,” little is known ol the effect of smok-

ing on the success rate of microvascular surgery.
Experimental and clinical studies concerning
the effect of cigarette smoking on random vas-
cularized pedicled skin flaps showed an in-
crease in partial flap necrosis in smokers. '™
This negative effectis explained by an increased
platelet aggregation,'” " a decreased oxygen
transport due to COHb formation, and an im-
paired microcirculation due to the combina-
tion of macroangiopathy and microangiopathy
and vasoconstriction.™'" Several studies indi-
cated impaired  microvascular  flow  during

smoking in healthy tssues™ ™ and replanted

digits. !

The aim of this experimental study was 1o
investigate the effects of cigarette smoking on
the survival of free vascularized and pedicled
tissuc transfers.

MATERIALS AND METHODS

Lixperimental Design

LExperiments were carried out on 60 healthy
male Wistar rats weighing 250 to 300 gm. Epi-
gastric flaps including the Tateral branch ol the
epigastric  vessels, described by Petry and
Wortham? as an axial [Tap, were used as a [ree
vascularized flap model. In 30 rats a free flap
and in 30 a pedicled flap were performed. A
distally based dorsal skin flap of 3 cm width and
about 10 cm length also was created in all rats,
representing a random vascularized skin {Tap.
Of cach group, 10 rats were smoked 6 weeks
preoperatively and 2 weeks postoperatively, 10
rats were smoked only 6 weeks preoperatively,
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and 10 rats underwent only the sham smoking
procedure (Fig. 1). The sequence of entering
the study was formally randomized. Three rats
died preoperatively, 2 being smoked and 1 be-
ing sham smoked, so 63 rats entered the study
and 60 rats were operated on by the same sur-
gcon.

Laser Doppler flow and temperature were
assessed before, during, and after operation to
study the microcirculation of the epigastric
flaps. Nicotine, cotinine, and carbon monoxide
hemoglobin were measured to objectivize the
smoking procedure preoperatively and postop-
erativelv. Two weeks after operation, the epi-
gastric and dorsal flaps were studied by clinical
parameters, measurement ol flap size, and flu-
orescein staining. Patency of the vessels was es-
tablished by clinical parameters and histology
(Fig. 2 and Table 1).

Smoking Procedure

The rats were daily exposed to cigarette
smoke in the Hamburg 1T smoking apparatus
for laboratory animals (Heinr. Borgwaldt, Ham-
burg, Germany) during 3 periods of 20 minutes
with a 4-hour interval.?' The animals were
placed in Plexiglas cylinders with their faces in
a smoking room of 525 ml. Every 2 seconds, 35
ml cigarette smoke (1.5 mg nicotine and 183 mg
tar per cigarette) diluted with 700 ml air (1:20)
was blown into the smoking room, containing
20.8% oxygen, 0.3% carbon dioxide, and 200
ppm carbon monoxide.
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In the sham smoking procedure (i.e., the
same procedure without cigarette smoke), the
animals were placed during 20 minutes 3 times
daily in the Plexiglas evlinders with their faces
into normal air. On the day of operation, the
rats were not smoked.

Three davs before starting the smoking pro-
cedure, the rats were acclimatized to the cylin-
ders.

Swigical Technique

Under ether anesthesia, the skin was dry-
shaved, and the rat was operated on on a heat-
ing mattress. First, a caudally based 3-cm-wide
dorsal skin flap with panniculus carnosus reach-
ing from the hip joint to the inferior scapular
angle (approximately 10 cm) was cut and resu-
tured.? Scecond, a rightsided epigastric {Tap
limited by the abdominal midline, sternal xy-
phoid process, and os pubis and Taterally in-
cluding the lateral branch of the epigastric vessels
was raised from the abdominmal-wall muscula-
ture and completely isolated on its epigastric
vessels. These vessels are too small (diameter
about 0.3 mm) to perform reliable microvascu-
lar anastomoses, so subsequently the flap was
pedicled on the femoral artery and vein by li-
gating and transecting them distal to the epi-
gastric vessels. In the case of a pedicled proce-
dure, the flap was resutured (operating time 3
hours). When the (ree vascularized flap was per-
formed, the femoral artery and vein were cut,
and  end-to-end made by

anastomoses were

EPIGASTRIC AND DORSAL FLAPS IN 60 RATS

ol

epigastric flap dorsal flap

Fira. 1.

SMOKING free vascularizedl pedicled

EPIGASTRIC FLAP |
1
l

none n 10 | n 10
6 weeks
!before operation n-10 n - 10
6 weeks
& before n 10 10
2 weeks

after operation

In 60 rats 60 dorsal flaps were created as well as 30 pedicled epigastric flaps (p) and

30 free vascularized epigastric laps (). OF cach group, 10 rats were smoked 6 weeks before and

<)

the sham smoking procedure.

2 weeks after surgery, 10 rats were smoked only 6 weeks before surgery, and 10 rats underwent
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PARAMETERS STUDIED

epigastric flap

dorsal flap

30 pedicled | § ]| e
30 free ; ‘ || \ ‘
vascularized’ \
« N L\
laser Doppler flowmetry e \
temperature clinical assessment
SIS fluorescein
clinical assessment
fluorescein
patency anastomoses blood : nicotine, cotinine, COHb
histology urine : nicotine, cotinine
Fie. 20 Parameters determined from the epigastric (Taps, dorsal flaps, blood, and 24-how

urine.

IABLI ]

Parameters Studied

Preoperative Dan Postoperative Day

{2 30 0 11 | 1 0 | 7 10 13 11
Laser Doppler flow a a a [ - | a a a a a a a
Femperature a -] a a a a a a a a a
COLIb (blood) * *
Nicotine and cotinine (blood) L 4 *
Nicotine and cotinine (urine) | | |
Clinical assessment
Flap size
Fluorescein
Patency of vascular anastomosces a
Histology a
Note: Parameter determined from @ blood: B2 -h weine: B epigastric ap: O epigastric and dorsal fap.

I'his table shows at which day the parameters were measured in the preoperative or postoperative phase or during operation (day 0

cight Ethilon T1-0 BVS (Ethicon) sutures under
the operating microscope. Subsequently, the
flap was resutured (operating time 4.5 hours;
flap ischemia I to 1.5 hours). To prevent auto-
cannibalization of the (lap, all animals were
dressed in a vest made ol an x-ray film strip, as
described by Westin and Heden.

Carbon Monoxide Hemoglobin (COID), Nicotine,
and Colinine

On day 14 before and on day 14 after the
operation, 24-hour urine was collected, and
blood was taken from the retro-ocular venous
plexus approximately 5 minutes after the third
smoking session (see Table 1). The COHD con-

day ol operation)

tent was measured by spectrophotometry. The
nicotine and cotinine contents of urine and
plasma were assessed by high-performance lig-
uid chromatography.

Laser Doppler Flowmelry

The laser Doppler flowmeter (Perimed KB,
Sweden) has been extensively described previ-
ouslv.”" " Values are presented in perfusion
units (P.U.). The laser Doppler probeholder
was lixed by medical adhesive tape to the center
of the epigastric flap. Measurements were ob-
tained under ether anesthesia before, during,
and alter operation (sce Table 1), Every day,
three values were obtained by three short-in-
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terval (10 seconds) measurements  approxi-
mately 5 minutes alter stopping the third smok-
ing or sham-smoking procedure.

Thermomelry

The temperature was measured by a thermo-
couple connected to a Y.S.1. 44 TA thermo-
graph (Yellow Springs, Ohio). I(m])c rature is
an indirect measurement of skin perfusion and
is influenced by the temperature of the deeper
tissues and surroundings. The thermocouple
was fixed by medical (1(111(\1\( tape to the center
of the epigastric flap. Temperature and laser
Doppler flow were measured simultancously
(sce Table 1).

Listablishing lap Viability and Patency of the Micro-
vascular Anastomoses

Postoperatively, viability ol epigastric and
dorsal flaps was established clinically: viable skin
shows anormal color and is pliable and soft with
hair growth, whereas avital skin is contracted to
a crust. By injection of 60 mg/kg fluorescein
intrave nou\l\ viability of the flaps was assessed
under ultraviolet 11011[ The viable and necrotic
parts of the flaps were drawn on tracing paper,
and the sizes were calculated in square centi-
meters by a computerized system. Flap sizes also
were assessed on the day of operation as refer-
cnce (sce Table 1).

Patency of microvascular anastomoses was es-
tablished on day 14 after operation. After dis-
secting the anastomoses, the filling of the artery
distal to the anastomosis and of the vein prox-
imal to the anastomosis was determined by
Acland’s filling test without touching the anas-

TABLE

Carbon Monoxide Hemoglobin (COLD) . Nicotine,

FFFECT OF CIGARETTE SMOKING ON FREE

FLAPS 39

Next, the femoral vessels were cut dis-
anastomoses, and

LOIMOSCS.
tally to the
whether blood could pass the anastomoses. Fi-
nally, the microvascular anastomoses were ex-
amined histologically (see Table 1).

was obscerved

STATISTICAL ANALYSIS

Mean values of laser Doppler flow and tem-
perature in the sixth and first preoperative
weeks, respectively, were calculated for every
rat, serving as baseline values. The smoking rats
were compared with nonsmoking rats (con-
trols) by using the Mann-Whitney rank test
(two-tailed). Since normality of distributions
was not established in general, this test also was
usced for comparing COLHb, nicotine, and coti-
nine measurements. Viability of the epigastric
flap and patency of the vascular anastomoses
were evaluated I)\ the chissquared test compar-
ing three or more subgroups and, if significant,
followed by the Fisher exact test (one-tailed) for
comparing two specific subgroups without ad-

Jjustment of pvalues for multiplicity. The ratios

of flap sizes on the day of operation and on day
14 were analvzed by the Kruskal Wallis test to
compare all sul)ox()u])s followed by the Mann-
Whitnev rank test (two-tailed) to compare two
specific subgroups.

Postoperatively, rats were divided into 12 sub-
groups depending on the smoking procedure
(none, only preoperatively, preoperatively and
postoper: lll\(l\), the type of epigastric flap
(free vascularized or pedicled)  and the survival
of the epigastric fTap (survival or necrosis). For
every rat, daily mean values of the laser Doppler

|

and Cotinine

Smoking Rats

Nonsmoking Rats

Mean Sh n Mean Sh "
Dav I hefore operation
Plasma nicotine (ng/ml) 273 109 38 0.0 0.0 18
Plasma cotinine (ng/ ml) 67 304 a8 0.0 0.0 ] 8
COHb (%) 17.9 5.9 10 23 2.7 18
Urine nicotine (pg /24 h) 62 10 10 0.5 1.2 1S
Urine cotinine (pg /24 h) 55 30 10 0.0 0.0 18
Day 14 after operation
Plasma nicotine (ng/ml) 3606 176 20 0.0 0.0 39
Plasma cotinine (ng /ml) 738 314 2) 0.0 0.0 39
COHb (%) 22.4 6.4 10 1.4 bl 1)
Urine nicotine (g /24 h) 128 61 19 0.0 0.0 38
Urine cotinine (pg 24 h) 04 ] 10 0.0 0.0 38
Smoking versus nonsmoking: f 0.000005 (two-tailed Mann-Whitmev rank test)
Carbon monoxide hemoglobin (COHD) L nicotine, and cotinine were determined in blood and wrine TEdans before and T davs after operation for smoking and
nonsmoking rats. The values of COHb, nicotine, and cotinine in the smoking rats are comparable with human heavy smoking. and the values of the nonsmoking
rats are comparable with human nonsmokers. Al the differences between smoking and nonsmoking vars are statisticallv significant (p 0.000005, two-tailed

Mann-Whimey rank test)
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SURVIVAL OF EPIGASTRIC FLAPS AND
PATENCY OF VASCULAR ANASTOMOSES

(2 weeks after operation)

~ EPIGASTRIC FLAP
SMOKING ' free vascularized{ pedicled

none i 7 | 9 1

Ty 2 n =10 n=10
3 3
6 weeks ‘ 1 i 10
before operation
n =10 n =10
6 weeks F 4
before 2 10
2 weeks n =10 n=10

after operation 7
1) p=.03 2) p=.01 3) p=.00006 4) p=.0004

all epig.flaps (p«.00005) // all free vas.epig.flaps (p=.01)

Fie. 3. Two weeks alter surgerve survival of the epigastric flaps was judged clinically and by
intravenous fluorescein injection. Also. the patency of the vascular anastomoses (free epigastric
laps) was established clinically and histologicallv as well as the passage through the epigastric
vessels (pedicled epigastric flap). All epigastric fTaps suvived or necrosed completely, so partial
necrosis was not seen. The arterial and venous microvascular anastomoses and the epigastric
vessels were patent in all flaps that survived and occluded inall flaps that necrosed. All pedicled
epigastric (Taps survived except one in the nonsmoker group (probably as a result of vascula
kinking), and no significant difference was seen for the three smoking groups (f = 0.05).
Concerning the free flaps, survival was significantly better in the nonsmokers, but no significant
difference was seen between the two smoking groups. Within the smoking groups, the pedicled

Maps swrvived significantly better than the free flaps.

[low and temperature measurements were cal- Swrorval of Epigastvic laps and Patency of Vascular
culated. Assuming these mean values to be nor-
mally distributed, a repeated-measurements
analysis was performed, taking into account the
multvariate intercorrelation between measure-
ments on consecutive days.

Anastomoses

Clinical judgment of flap survival and vascu-
lar patency, Tuorescence, and histology corre-
lated exactly, and the epigastric {Taps only ne-
crosed or survived completely  (no partial
necrosis). All pedicled epigastric flaps survived
exceptone in the nonsmokers group. Concern-
ing the free flaps, survival was significantly bet-
ter in the nonsmokers, but no significant dif-
ference was seen between the two smoking

RESULTS

Carbon Monoxide Hemoglobin (COI1D), Nicotine,
and Cotinine

The values of COHb, nicotine, and cotinine
in the smoking rats are comparable with those
in human heavy smoking, and the values of the

nonsmoking rats are comparable with those of

human nonsmokers® = (Table 11). All the dif-
ferences between smoking and nonsmoking
rats are statistically significant (p << 0.000005,
two-tailed Mann-Whitney rank test).

groups. Within the smoking groups, the pedi-
cled flaps survived significantly better than the
free flaps (Fig. 3).

Laser Doppler Flowmetry

Before operation, the mean laser Doppler
{Tow value was 34 P.U. (SD = 10) with no sig-
nificant differences between (non-) smoking
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groups. On the day of operation, just after fin-

ishing the flap |)l'()(‘(‘(1ll]‘(‘. a low mean laser
Doppler flow value (11 P.U., SD = 5) was seen,
with no significant  differences  among  all

groups. In lhc postoperative period, clearly sig-
nificant differences in laser l)()[)l)l( r flow values

were established between surviving and nonsur-
viving flaps. irrespective of the time of measure-
ment, flap procedure, and smoking procedure.
For surviving flaps, no significant differences
were ()l)s('l\((l On cvery postoperative day, all
individual flaps that survived had a laser l)()pp—
ler flow value of 20 P.U. or more, and all flaps
that necrosed had a value below 20 P.UL except

SMOKING ON FREE
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four flaps on the first postoperative day and one
flap on the third postoperative day (Fig. 4).

Thermometry

Preoperatively, temperature was significantly
lower in smokers (mean 31.2°C) than in non-
smokers (mean 32.8 ). On the day of opera-
tion. just after finishing the flap procedure. a
low temperature (mean 30.8°C, SD = 0.8) was
seen with no significant differences among all
groups. On every postoperative day, mean tem-
perature was lower for smoking rats, and on
davs 7 and 13, mean temperature was lower for
necrosed Ha[)\ (Fig. 5).

Laser Doppler Flowmetry

L=
140 [
/ }\\ free
120 / ;
/ pedicled
. \
100 f
(P.U.) f N i
80 | es | % e -- surviving
[, += / +=
Pl ing Haps
§i
60 \V o+ {2))
i+~ (10
L.D.F. e 1
40 e
(20)\. -Y >I: (50
20 (3) )
Y @  dying
B ——(8)
0 2 s It 314 flaps
pre 0 1 3 b 13
Day —
Fic. 1 Laser Doppler flow was measured in 30 free (——) and 30 pedicled (---) epigastric

Maps in the preoperative phase (pre). on the dav ol operation just after finishing the flap

procedure, and on dayvs 1, 3,

before and 2 weeks after surgery (+4),
tnl

and 10 rats underwent the sham smoking procedure (

and dving epigasuric flaps
34P.UL |

differ significantly (p = 0.05.

Mann-Whitmev two-tailed).

7. and 13 alter surgery. Of cach group, 10 rats were smoked 6 weeks
10 rats were smoked only 6 weeks before surgery (4 ).

——). A subdivision was made for surviving

(1). The overall mean laser Doppler Tow value before operation was
SD = 10). Neither in the sixth week nor in the first week preoperatively did subgroups

On the dayv of operation, just after

finishing the lap procedure, no significant differences were observed between subgroups (p

0.05, Kruskal-Wallis):

\lj_;nl[n ant differences were observed among davs 1.3,

measurement analvsis, /l

the mean laser Doppler flow value

(7= 60) was 11 P.U. (SD 5). No
7.and 13 in anv of the groups (repeated

- 0.05). Clearly significant differences in laser Doppler flow values were

established between surviving and nonsurviving flaps. irrespective of the time ol measurement.

flap procedure.

and smoking procedure (f -

0.00005).

For suviving flaps. no significant

differences were observed cither between free and pedicled fTaps or between smoking categories

(p— 0.05H
value of 20 P.U

on the first postoperative day (values 29.3

-or more, and all fTaps that necrosed had avalue below 20 PLU
P.U., ++;42.0 P.U., ++1; 45.3 P.1

) and one flap on the third postoperative day (25

). On every postoperative dav, all individual Taps that stovived had a laser Doppler flow

except four flaps
3100 P.U

3 Pully 1)
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Thermometry

35 free
|
pedicled
34
L — ‘o
o h e surviving
(°C) 392 flaps
(20)
31 (+\++r§3)
Temp. o dying
flaps
-- -
29
28 | B
pre 0 1 3 7 13
Day ——
Fic. 5. Temperature was measured in 30 free (——) and 30 pedicled (---) epigastric flaps

in the preoperative phase (pre). on the dayv of operation just after finishing the flap procedure,

and on davs 1, 3, 7. and 13 after surgery. Of cach group. 10 rats were smoked 6 weeks before
and 2 weeks after surgery (++), 10 rats were smoked only 6 weeks before surgery (+-—), and
10 rats underwent the sham smoking procedure (— —). A subdivision was made for surviving and
dving epigastric flaps (n). In the firstand sixth preoperative weeks, temperature was significanthy
lower in smokers (mean 31.2 0.000005,

Mann-Whitney two-tailed). On the day of operation, just after finishing the flap procedure, the

) in comparison with nonsmokers (mean 32.8 € p -
mean temperature was 30.8°C (SD = 0.8), with no significant differences between subgroups
(p = 0.05, Kruskal- \\ dlis). In the postoperative phase, all subgroups were significantly different
on all days (day 1, p = 0.02; day 3, p = 0.0002; day 7, p 0.0001; day 13, p < 0.00005;
Kruskal-Wallis). NIuIllnn'i;llc analysis confirmed these results, showing that they were caused by
the difference in smoking procedure on every postoperative day (lower temperature for rats

being smoked) and by the difference in flap survival on days 7 and 13 (lower temperature for

necrosed flaps).
Vital Avea of Dorsal Flaps

Survival of the dorsal flap was significantly
worse in smoking rats than in nonsmoking rats.
The difference between the smoking groups is
not statistically significant (Fig. 6).

Avrea Measurement of Epigastric Flaps

The expected contraction of the necrotic epi-
gastric flaps was at least to half the size of the

surviving flaps. Concerning the contraction of

the surviving pedicled flaps, highly significant
differences were observed among the three
smoking groups, showing a downward trend
from nonsmoking, only preoperative smoking,
to preoperative and postoperative smoking. A
similar pattern of contraction was found in the
surviving free epigastric flaps, but it was not
statistically significant. Flap contraction in the

nonsmoking group was more extensive for the
surviving free flaps than for the pedicled {laps

(Fig. 7).

DISCUSSION

This study demonstrates that smoking of cig-
arettes is detrimental to survival of free vascu-
larized cploasn ic flaps in rats, mainly because of
preoperative smoking. Random  vascularized
dorsal flaps survived less as a result of preoper-
ative smoking and increasingly less as a result of
additional postoperative smoking. The survival
of the pedicled epigastric flap was independent
of smoking. Thus smoking is detrimental to
survival of poorly vascularized parts of random
vascularized flaps. According to Peuy and
Wortham,” the epigastric flap of the rat is
mainly an axial-pattern vascularized flap with-
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VITAL AREA OF AT RANDOM DORSAL FLAPS
judged on day 14 postoperatively,
as a percentage of the area on day of operatlon

- SMOKING

65.4%

(sd = 10.1) Ll 1, 2

none

owere | o2

92.7% .

(sd = 11.2) 1

- 6 weeks
' before operation

ALL 60 RATS

(n = 20 for every group)

| 6 weeks s NEY4
before 47.5% (H v
2 weeks {sd = B.5) PN |
~after operation \/ : |

* 1. p=.002 / 2: p=.002 / allp- 00001

» After subdivision of groups into free and pedicled
epigastric flaps the results differed < 1%

FiG. 6. The size of the vital part of the dorsal flaps on day 14 for each rat was expressed as

a percentage of the size at the day of operation. As might be expected, no significant differences

were observed between the two epigastric flap groups within each smoking category (p = 0.05,

Mann-Whitney two-tailed), so the results were pooled by smoking category. The differences in

survival of all groups were significant (p = 0.00001). Joth smoking groups differed significantly

from the nonsmoking group (p = 0.002, Mann-Whimey two-tailed) but not among themselves

(p = 0.05, Mann-Whitney two-tailed).

out considerable random vascularized parts
when the lateral branch of the epigastric vessels

is included. This explains why partial necrosis of

cpigastric flaps did not occur. Complete necro-
sis of epigastric flaps has to be caused by ces-
sation of the blood supply through the vascular
pedicle. After |)(‘1[<)11111n<) the epigastric flap
procedure, the flap is poorly or even not vas-
cularized, as is shown by extremely low laser
Doppler flow values, probably as a result of va-
sospasim of the vascular pedicle. If the vessels are
not damaged surgically (i.e., the pedicled epi-
gastric flap), the flap will be revascularized
when vasospasm has faded away. When the ves-
sels are injured by a microvascular anastomosis,
the low-flow state may cause thrombosis.
Thrombosis will occur more easily when rats are
smoked, because smoking causes an increased
platelet aggregation!' ! and macroangiopathy
and ml(1()(1115;1()])‘1111\'. Pitillo et al.*
strated endothelial changes following 6 weeks
ol smoking.

demon-

Some  experimental  studies on  cigarette
smoking and microvascular surgery, however,
did not show damaging cffects. Perioperative
intraperitoneal nicotine injections™ and 6 days
of preoperative and 12 days of postoperative
smoking™ did not show a slomh( ant decrease in
patency of femoral artery anastomoses in ani-
mals. Probably Rao ¢t al.” did not see throm-
bosis because they only injected nicotine,
whereas cigarettes contain numerous. ()thvr
harmful substances,”” nor did Yaffe et al.,”" since
thevonlysmoked the rats foravery bl‘l()f])(”l‘l()(l.
Vasospasm also may be less vigorous when only
an arterial anastomosis is made.

Cigarctte smoking seems to be detrimental to
wound healing, even when no necrosis occurs,
because pedicled epigastric flaps show more
contraction when rats arc smoked. Further-
more, wound healing in the free flap may be
impaired, because the free vascularized flap in
the nonsmokers contracted to about 90 percent
of the original size in contrast with the pedicled
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on day 14 postoperatively as a percentage of
the total flap area on the day of operation
EPIGASTRIC FLAP
a a
surviving free | surviving
" SMOKING vascularized = pedicled
0 1| 0
89.8% 1. 97.3%
narne  (sd - 64) (sd = 5.5)
1 n=7 n=9 ot 4
0 0,
y
6 weeks 81.2% 73.4%
before operation (sd = 3.8)
n=-1 n =10 ] 3
6 weeks 77.7% 68.1%
before (sd = 14.0) (sd = 6.6)
2 weeks. n=o 5 . o)
after operation
i: p=.05 / 2: p=.0002 / 3: p=.03 / 4: p=.0002
all surviving pedicled flaps: p<.00005
Fie. 7. On dav T, the size of the epigastric fTaps for cach rat was expressed as a percentage
of the size at the day of operation. The results for the surviving Taps are shown for cach treatment
group. On the dav of operation, the mean size of all 60 epigastric Haps was 317 cim” (SD = 2.6
cm?) . with no differences among the six treatment groups (p = 0.05). The expected contraction
of the necrotic laps was at least to half the size of the surviving flaps (p < 0.05). Concerning the
contraction of the surviving pedicled flaps, highlv significant differences were observed among
the three groups (<2 0.00005) . showing a downward trend from nonsmoking, onlv preoperative
smoking. to preoperative and postoperative smoking. A similar pattern of mean contraction was
found in the surviving free epigastric flaps, but the numbers are too small to attain statistical
significance of differences. Flap contraction in the nonsmoking group was more extensive fon
the sirviving free flaps than for the pedicled flaps (p = 0.05).
[Taps. This may be caused by irreversible tissue circulation may be influenced by ether anes-

damage due to ischemia or by emboli. ™

The nicotine, cotinine, and COHb measure-
ments demonstrate that the smoking procedure
used is comparable with heavy cigarette smok-
ing. However, 6 weeks of smoking cannot be
comparcd  with  chronic cigarctte  smoking,
which causes more macroangiopathy and mi-
croangiopathy. Unfortunately, it is very hard to
smoke rats for at least 1 yvear. For practical rea-
sons, we have chosen 6 weeks ol preoperative
smoking because at that time  endothelial
changes have been seen. ™

Preoperative Taser Doppler fTow and temper-
ature measurements about b minutes alter stop-
ping smoking gave different results. Laser
Doppler flow of the normal skin was equal in
smoking and nonsmoking rats, whereas the skin
temperature was lower in the smokers. Micro-

thesia, lhm‘('l)_{ hiding the vasoconstriction
caused by cigarette smoking. The lower tem-
perature may still be presentat that moment. It
is unlikely that vasoconstriction due to smoking
has disappeared after 5 minutes. A second ex-
planation is thata central temperature decrease
is caused by smoking, giving an indirect tem-
perature fall of the skin while no vasoconstric-
tion is present. Postoperatively, the same dis-
crepancy was found.

Laser Doppler flowmetry proved to be a good
viability monitor in the postoperative pcri()(l.:"”
All surviving flaps had a laser Doppler flow value
ol 20 P.U. or more, whereas all dying flaps were
below this level, except four flaps on the first
postoperative day and one flap on the third
postoperative day. These flaps may have been
alive (with arelatively low flow) at that time and
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necrosed later (as a result of complete throm-
bosis of the vascular anastomoses). Tempera-
ture of the dead flaps was lower on davs 7 and
13 after operation, because at that time the flaps
were transformed to crusts, which conduct heat
poorly.

This study proves that cigarette smoking is
detrimental to microvascular surgery. It is not
known when smoking should be stopped before
surgery to recover the damaging effects. It is
unlikely that a full recovery will ever occur, be-
cause some changes (c.g., macroangiopathy)
arc hardly reversible.

[éon N. A. van Advichem, M.D.. Ph.D.

University Hospital Dijhzigl

Department of Plastic and Reconstrictioe Surgery

Dr. Molewaterplein 40

3015 GD Rotterdam

The Netherlands
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