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Summary

The risk faclors for sepsis afler vascular surgery were studied in
100 consecutive patients with lower limb arterial ischaemia.
Patients were randomised either lo a short or long course of
antibiotic prophylaxis with amoxycillin/clavulanic acid combina-
tion (Augmentin®).

Pathogenic organisms were isolaled from the skin preaperatively
in 39 (36%) cases, significantly more frequently in patients with
ischaemic rest pain and skin necrosis (66%) than rest pain alone
(21%) (P=0.000¢) or claudication/aneurysm  (11%)
(P=0.0001). All but three organisms isolated (5% ) were sensi-
tive to amoxycillin/clavulanic acid.

A wound infection occurred after 21 (19%) reconstructions,
significantly more frequently both in patients suffering rest pain
with skin necrosis (P=0.001) and rest pain without skin necrosis
(P=0.04) compared with claudication/aneurysm. Sixteen of the
21 patients with a wound infection had at least one organism
isolated from their skin preoperatively (P=0.0001). Twelve
patients (57%) had a similar organism isolaled from the skin
preoperalively and from the postoperative wound infection. Reduc-
ing the course of antibiotic prophylaxis from 5 days lo 3 doses did
not significantly increase the infection rate. The only other signi-
ficant risk factor for sepsis was increasing age of the patient.

Although prophylaxis is undisputed in patients having synthetic
grafls, antibiotics may not be as important in the prevention of
wound sepsis as had been thought. The role of antiseptic agents
requires further evaluation.

Introduction

Vascular surgery has been classified as clean surgery but
many paticnts with peripheral arterial ischacmia have
distal skin necrosis which may be a source of endogenous
infection. Vascular graft infection is rare, occurring after
1-6% of rcconstructions but has a high associated mor-
bidity and mortality (/-6). In some paticnts a wound
infection, particularly in the groin, has preceded a graft
infection and a causal rclationship has been inferred
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(1,2,5,6). Therefore prevention of wound infection might
decrease the incidence of graft infection. The reported
incidence of wound sepsis after vascular surgery varies
widely from 0.4% to 22% (7-14). However, many studics
of sepsis after vascular surgery specifically exclude
patients with distal skin necrosis (9,10,12,14). In Notting-
ham, paticnts with distal skin nccrosis account for over
40% of all those receiving surgical reconstructions and
any policy for reducing scpsis rates must include these
paticnts.

In a prospective study in this unit in 1984, a wound
infection rate of 35% was documented in patients having
vascular surgery. The prophylactic antibiotic used was
ampicillin/flucloxacillin  combination (Magnapcn®)
started at anacsthetic induction and continued for 5 days
postoperatively. In the prospective study and in a retro-
spective review of vascular wound infections in Notting-
ham it was noted that Gram-ncgative organisms and
anacrobes were surprisingly common. It was considered
that a prophylactic antibiotic with a broader spectrum
might be more cffective, and therefore in the present
study a new antibiotic combination, amoxycillin with
clavulanic acid (Augmentin®, Beecham Pharmaccuti-
cals), has been investigated in vascular surgical patients.
Clavulanic acid alone has only weak antibacterial pro-
perties but it is a potent inhibitor of many bacterial
beta-lactamases. In combination with amoxycillin the
rangc of scnsitive micro-organisms is considerably ex-
tended to include penicillin-resistant Staphylococcus aureus,
many resistant coliforms and some anacrobes (15-17).
We have previously shown that amoxycillin/clavulanic
acid has scrum and tissue penctration suitable for use in
vascular surgery (18).

The aims of this study were to investigate the risk

factors for postoperative sepsis in 100 consecutive

patients having vascular surgical reconstructions and to
assess the relevance of preoperative skin bacteriology in
rclation to the scverity of arterial ischacmia and the rate
of postoperative wound infection. Antibiotic prophylaxis
in general surgery is not usually extended beyond three
perioperative doses (19) and we have investigated
whether there was any advantage in extending the dura-
tion of antibiotic prophylaxis in vascular surgery.
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Patients and methods

Onc hundred paticnts received 108 lower limb vascular
reconstructions. There were 69 men and 31 women with
a mcdian age of 70.5 ycars (43-89 ycars). There were 16
paticnts (16%) with diabetes mellitus and 63% were
current cigarctte smokers. Thirty-five operations (32%)
were for claudication or ancurysm, 29 (27%) for
ischacmic rest pain with intact skin and 44 (41%) for rest
pain with distal skin nccrosis.

All paticnts had skin swabs taken precoperatively from
the nosc, and the groin and toes of the ischacmic foot. A
mid-strecam urine sample (MSU) was also obtained for
culture. Prcoperative antiseptics were not uscd. The
paticnts were shaved for operation on the day before
surgery. Patients were randomised cither to a short or
long perioperative coursc of antibiotic prophylaxis. A
short course was given in 56 operations and consisted of
amoxycillin 1g with clavulanic acid 200 mg (Augmentin
1.2 g) given intravenously (i.v.) at anacsthetic induction
and two subscquent doscs given at 8-hourly intervals. A
long course was given in 52 operations and consisted of
amoxycillin/clavulanic acid given as above at anacsthe-
tic induction and continued 8 hourly for 5 days. Oral
amoxycillin/clavulanic acid was substituted for i.v. when
intestinal function recovered postoperatively. All pati-
ents had vascular reconstructions performed under
general anacsthesia. Before surgery the skin was pre-
pared with aqucous chlorhexidine. A femoropopliteal
graft was inscrted on 64 (59%) occasions (51 saphcnous
vein and 13 polytetrafluorocthylenc—PTFE); 26 (24%)
were aortoiliac reconstructions; there were 13 (12%)
cxtra-anatomic grafts and 5 misccllancous opcrations.

Postopcratively the wounds were reviewed blind by
RCBS twice weekly until the patient left hospital. A
wound infection was defined as ‘the discharge of pus’
(20). A cotton-tipped swab was taken from all wound
discharges for culture. Scrous discharge, particularly
from a groin wound where lymphatic damage had occur-
red, without any bacterial culturc was not rcgarded as a
wound infection. The patients were followed in the out-
patient clinic and it was noted whether there was any
wound discharge during the convalescent period.
Follow-up ranged from 6 to 20 months.

Pre- and postoperative swabs were placed in Stuart’s
transport mcdium beforc culturc in the laboratory by
standard mcthods. Potential pathogens were identified
and their sensitivities performed by agar incorporation
methods using 2 and 4 pg/I clavulanatc with amoxycillin.
Commensal skin organisms werce not included unless
grown in purc culture.

Paticnts were included for analysis if they survived to
have their wounds reviewed twice, once between the 3rd
and 6th postoperative days and once between the 7th
and 10th postopecrative days. During the study period
three patients were cxcluded who suffered acute myocar-
dial infarctions and died less than 1 week after surgery.
The only other ecxclusions from the study were five
patients scnsitive to penicillin.

Results

PREOPERATIVE BACTERIOLOGY

Pathogenic organisms were isolated from the skin
preoperatively in 39 patients (36%). A total of 67 organ-
isms was isolated. S. aureus was the organism most often
isolated (60%) and the sitc most frequently affected was

the toc of the ischacmic foot (60%) (Table I). All the
organisms isolated prcoperatively except Pseudomonas
aeruginosa and Candida albicans (5%) were sensitive to
amoxycillin/clavulanic acid. Organisms were isolated in
29 patients (66%) with rest pain and skin nccrosis,
significantly morc frequently than in paticnts with rest
pain alone (21%) (P=0.0004) and claudication or
ancurysm (11%) (P=0.0001) (Tablc II).

WOUND INFECTION

Twenty-onc paticnts (19%) developed a wound infec-
tion. A single infection occurred in an abdominal wound,
cight in groin wounds, scven in poplitcal wounds and five
in both groin and poplitcal wounds. Eighteen infections
developed during the hospital admission. At the first
follow-up clinic visit two paticnts rcported a purulent
wound discharge which had been treated by their GPs
and a third was rcadmitted for drainage of a poplitcal
wound abscess. The mean age of patients with wound
infections (70 ycars) was significantly greater than in
thosc without infections (66 ycars) (¢1=1.92, P<0.05).
This could not be entirely accounted for by differences in
the scverity of the ischacmia, as the mean ages of paticents
with claudication/ancurysm (65 ycars), rest pain alonc
(70 ycars) and rest pain with skin necrosis (70 ycars)
were broadly similar. The two groups who had different
antibiotic schedules were well matched, in particular,
distal skin necrosis was present in 20 paticnts who
received the short course and 24 patients who received
the long coursc of perioperative antibiotics. Ninc paticnts
who received the short course and twelve patients who
received the long course of amoxycillin/clavulanic acid
had wound infections (x2=0.89, P=n.s.). Scven infec-
tions occurred in the twenty opcrations on diabetic
patients (35%) compared with 14 infections in 88 opcra-
tions on non-diabetics (16%), a difference which just

TABLE 1 Organisms isolated from the skin preoperatively

Toe Nose Groin MSU Total
n=40 n=12 n=9 n=6 n=67
(60%) (18%) (13%) (9%) (%)

Staphylococcus 20 11 7 2 40 (60%)
aureus

Esherichia coli 9 1 1 4 15 (22%)

Haemolytic 5 5(7%)
streptococci

Proteus spp. 3 1 4 (6%)

Pseudomonas 2 2 (3%)
aeruginosa

Candida albicans 1 1 (2%)

TABLE 11 Skin colonisation related to the severity of ischaemia

Patients with
skin isolates

n (%)
Claudication/ 35 4 (11%)\ y*=1.1
aneurysm P=n.s. ,
Ischaemic rest 29 6 (21%) ¥ =238
pain =144 P=0.0001

Rest pain with 44

29 (66%) (' P=0.0004
skin necrosis
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TABLE 111 Wound infection relaled to the severily of ischaemia TABLEV Comparisonoforganisms isolated pre- and postoperatively
Infections Preoperative Postoperative
n (%) organisms organisms
(%) (%)
Claudication/ 35 1 (3%) 1x*=3.9
aneurysm }P=0.04 40 (60%)  Staphylococcus aureus 14 (31%)
Ischaemic rest 29 5 (17%) x*=11.9 15 (22%)  Esherichia coli 12 (27%)
pain x}=2.6 P=0.001 5 (7%) Haemolytic streptococci 3 (7%)
Rest pain with 44 15 (34%) (P=n.s. 4 (6%) Proteus spp. 4 (9%)
skin necrosis 2 (3%) Pseudomonas aeruginosa 5 (11%)
1 (2%) Candida albicans 0
. . . . L. 0 Bacteroides spp 5 (11%)
TABLE v The relationship of preoperative skin colonisation to 0 Anaerobic streptococci 1 (2%)
wound infection 0 Methicillin resistant 1 (2%)
S. aureus

Infections
n (%)

No preoperative
isolates

Single preopera- 22
tive isolate

Multiple pre- 17

operative isolates

69 5 (7%) \x*=5.7
P=0.02

x'=23.9
w=40 [ P=0.0001
10 (59%) (P=0.04

6 (27%)

failed to recach statistical significance (x*=3.4, P=0.06).
Infection occurred more frequently after femoropopliteal
surgery (35%) than after aortoiliac surgery (11%),
though again this did not attain significance (x?=2.2,
P=0.12). Fourtcen of 51 femoropoplitcal vein grafts and
two of 13 PTFE grafts became infected (x?=1.1, P=0.3).

Eight paticnts had a rc-operation on thc day of the
original rcconstruction, four for bleeding and four for
graft thrombosis. Two (25%) of thesc patients subse-
quently developed a wound infection. Nine patients had
a fcmoropoplitcal graft thrombosis within 1 weck of
surgery with subsequent amputation. Four (44%) of
these patients developed a wound infection and in all
cases the site was the popliteal incision.

The risk of wound infection was significantly increased
in paticnts with rest pain (P=0.04) or rest pain with skin
nccrosis  (P=0.001) comparcd with opcrations for
claudication or ancurysm (Table III). Though the infec-
tion ratc in paticnts with rest pain and skin nccrosis
(34%) was doublc that in paticnts with rest pain alonc
(17%), the_ difference was not statistically significant.
This corresponded with the obscrvation that wound
infection was morce frequent in patients with cither a
single (P=0.02), or multiple (P=0.0001) prcopcrative
skin isolates compared with none (Table IV). Sixtcen
paticnts (76%) with wound infections had at lcast one
preoperative pathogen isolated.

POSTOPERATIVE BACTERIOLOGY

A singlc organism was isolated from the wound infection
in scven casces and multiple organisms in 13 cases. One
occurred after hospital discharge and the organism was
unknown. §. aureus was the most common causc of wound
infection. Infection with a single organism was less fre-
quent after a short coursc of antibiotic prophylaxis.
Bacteroides spp and Proteus spp were isolated morc fre-
quently after the short coursc and P. aeruginosa morc
frequently after the long course of amoxycillin/clavulanic
acid. Gram-ncgativc organisms and anacrobes were iso-
lated more frequently from wound infections than from

the skin preoperatively (Table V). Twelve patients
(57%) had a similar organism isolated from the skin
preoperatively and the wound infection postoperatively.

GRAFT INFECTION

A total of three paticnts with artificial grafts developed a
wound infection, onc of whom subscquently developed a
graft infection with the same organism. This occurred 3
months after surgery in a PTFE femoropoplitcal graft
inserted for severe claudication. The graft was removed
and the claudication rcturned. The wound infection
resolved in the second patient with local therapy, and the
third patient dicd of bronchopncumonia after 3 wecks
with an active wound infection but no signs of graft
infection. The other graft infection occurred in a femoro-
poplitcal vein graft after 10 days and caused a sccondary
hacmorrhage. This resulted in an amputation and cven-
tual dcath from bronchopncumonia. Both paticnts who
had graft infections had a preceding wound infection
with a similar organism.

SURGICAL COMPLICATIONS

Other complications included three chest infections two
urinary infections, three non-fatal myocardial infarctions
and onc pulmonary embolism. Three paticnts included
in the trial died, onc from a stroke and the other two from
bronchopncumonia. A second course of antibiotics was
required in 18 patients for chest, urinary and wound
infections, and was cqually distributed between the two
groups having different antibiotic regimens. Antibiotics
were only uscd for wound infection if there was cellulitis
or the possibility of infection in a synthetic graft. The
mean hospital stay after operation was 32+10.8 days in
patients with infections and 13+7.7 days in those with-
out infections (¢=6.99, P<0.001).

Possible side cffects from amoxycillin/clavulanic acid
included two mild rashes (onc which did not recur after
rechallenge) and an cpisode of vomiting on the 5th day of
a long course. No scrious side effects were noted.

Discussion

The incidence of graft infection (2%) in this study was
similar to previous reports and the serious naturc of the
complication was confirmed (7-6). The incidence of post-
opcrative wound infection (19%) was high but paticnts
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with skin nccrosis were not cxcluded as in some other
scrics and all cascs had peripheral arterial ischacmia,
whercas some reports include patients having carotid
surgery (8) and cven patients having varicose vein
surgery (10). All the infections cxtended into sub-
cutancous tissuc—Szilagyi grade 2 (2), and were scvere
cnough to prolong hospital stay by an avcrage of 19 days.
Three infections which occurred after hospital discharge
were also included. Both the paticnts who suffered a graft
infection had a preceding wound infection and it is likely
that there is a rclationship between the two. Reducing
wound infcction may be the most important mcthod of
limiting graft scpsis.

The most important risk factor identified was the
scverity of the artcrial ischacmia. Paticnts with rest pain
and skin nccrosis had a high incidence of skin con-
tamination with pathogenic organisms prcoperatively as
might have been expected and also the highest wound
infection rate. Over onc-half of the patients with wound
infcction had a similar organism isolated from the skin
precoperatively, which provides evidence that endogen-
ous infcction is thc most important causc of sepsis after
vascular surgery, though transmission of organisms via
the lymphatics could not be ruled out. Incrcasing age of
the paticnts was also shown to be a risk factor for
infection, though this may have been partly accounted for
by the lower mean age in paticnts with claudication or
ancurysm. The sitc of surgery and the presence of dia-
betes influenced the sepsis rate, though not to a statis-
tically significant cxtent. Diabetic patients and thosc
having femoropoplitcal grafts had a higher incidence of
rest pain and skin necrosis which might have been
responsible for their incrcasc in infection. Continucd
limb ischacmia duc to carly graft thrombosis may have
incrcased the risks of subscquent infection in the pop-
litcal wound.

It is gencerally agreed that patients having reconstruc-
tive surgery using prosthctic graft matcrial require anti-
biotic prophylaxis (21,22), though only 68% of the mem-
bers of the Vascular Surgical Socicty usc antibiotics in all
vascular cases (23), and there is no conscnsus on which
antibiotic is best. Parentcral antibiotics have been shown
to reduce the risk of wound infection (9-11,14) but the
incidence of graft scpsis is so low that studies designed to
dcmonstrate reduced graft scpsis would have to contain
many hundreds of paticnts. Also graft scpsis may present
many months after surgery and studics with short follow-
up arc inadcquate. Topical antibiotics have also been
shown to reduce wound infections after vascular surgery
(10) and the idcal routc for prophylaxis is still uncertain.
Graft scpsis is often stated to be more frequent and
scvere in patients with synthetic grafts (2) but in this
study onc of the cases occurred in a vein graft, with a
fatal outcome.

The idcal prophylactic antibiotic for vascular surgery
would have a suitable spectrum, good scrum and tissue
penctration and causc few side cffects. Amoxycillin/
clavulanic acid was choscn for this study because of the
high infection ratc in our retrospective review where
ampicillin/flucloxacillin was used. The new combination
has an extended spectrum which has recently been stated
to be advisable in vascular surgery (23). However, dec-
spitc the fact that 95% of the organisms cultured from
the skin preoperatively were sensitive, and the fact that
amoxycillin/clavulanic acid has been shown to have a

suitable spectrum and penetration (18), the wound infec-
tion ratc of 19% was high and over onc-half of the
paticnts had similar organisms isolated from the wound
infection and the skin preoperatively. Thus, either the
antibiotic regimen was ineffective, or antibiotics are not
as important as originally thought. There was no
difference in infection rates between the two antibiotic
regimens and therefore the latter may be true. When
infcction results from defective surgical technique such
as skin necrosis duc to undercutting of skin edges, failure
of accuratc skin apposition, damage to lymphatics in the
groin and hacmatoma formation, antibiotics cannot be
cxpected to provide complete protection.

There remains considerable disparity in the length of
time for which antibiotic prophylaxis is prescribed (23)
but in this study no incrcasc in infection ratec was demon-
strated after reducing the course of amoxycillin/
clavulanic acid and it is thercfore not necessary to give
morc than three perioperative doscs for optimum cffect.
Indced the usc of more than one dose of antibiotic for
prophylaxis has recently been criticised (24).

The evidence from this study that vascular infection
may be endogenous means that the preoperative usc of
antiscptic agents to reducc skin contamination may be
beneficial in prevention of wound infection (13,25). The
antiscptic agent used to cleansc the skin at surgery may
also be important. Randomiscd trials comparing opcra-
tive antiscptics have not been performed, though retro--
spective analysis of onc study suggested that iodine
based preparations may be superior (9). The role of
antiscptics in vascular surgery is worthy of further study.

This rcport may help cxplain the low incidence of
wound infection detailed in some studics, being depen-
dent on the number of patients in the study with rest
pain and skin nccrosis. It is important that the severity of
limb ischacmia is documented in future reports on scpsis
in vascular surgery.

We wish to thank Dr A Clarke for co-ordinating this study and
Beecham Pharmaceuticals for supporting the work and provid-
ing the Augmentin.
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Notes on books

Rheumatoid Arthritis Surgery of the Complex Hand
and Foot edited by F W Hagena. 190 pages, illustrated.
Karger, Basle. £80.50.

The Proceedings of the 3rd Congress of the European Rheuma-
toid Arthritis Surgical Society held in Finland in 1985. Twelve
papers on surgery of the hand and eleven papers on surgery of
the foot. Many black and white photographs and line dia-
grams.

A Colour Atlas of Mastectomy with Immediate Re-
construction by David J T Webster. 63 pages, illus-
trated. Wolfe Medical Publications, London. £17.

Number 38 in the Single Surgical Procedures series describes
and illustrates both the Patey and the Halstead mastectomy
techniques together with various methods of breast reconstruc-
tion. Latissimus dorsi reconstruction, rectus abdominus recon-
struction and subpectoral mammary prosthesis insertion are
the reconstructions described.

Atlas of Endourology edited by Kurt Amplatz and
Paul H Lange. 344 pagecs, illustrated. Year Book Medical
Publishers, Chicago. £91.

Endourology is here defined as being any procedure on the
kidney and upper collecting system performed through a percu-
taneous approach or to retrograde ureteroscopy. Most of the
chapters in this atlas relate to percutaneous manipulations of
one sort or another and is therefore of interest to both the
urologist and the radiologist. Large format, glossy paper,
numerous line drawings and radiographs, some colour illustra-
tions, succinct text.

1986 Yearbook of Digestive Diseases edited by N |
Greenberger and F G Moody. 479 pages, illustrated.
Year Book Medical Publishers, Chicago. £41.

Eighty journals containing more than ten thousand articles
have been surveyed to abstract some two hundred and fifty
articles for presentation and comment in this volume. Many of
the abstracts are of interest to surgeons and the volume should
prove a useful update for many readers of this notice.

1986 Yearbook of Urology edited by J Y Gillenwater
and S S Howards. 378 pages, illustrated. Year Book
Medical Publishers, Chicago. £43.

Another useful volume in the Year Book series which will
provide urologists everywhere with an update of the world
literature during the year ending January 1986. Over two and a
half thousand articles have been reviewed to provide two
hundred and fifty digests in this volume which cover both adult
and paediatric urology. As usual an editorial comment is
appended to each review.

Urologic Complications -edited by Fray F Marshall.
451 pages, illustrated. Year Book Medical Publishers,
Chicago. £62.

Complications in surgery are best prevented by anticipation. It
is hoped that this book will help urologists to anticipate many
possible clinical problems both in the adult and in the child.
The complications that are covered include both medical and
surgical. Each of the 34 chapters concludes with an editorial
comment by Dr Marshall giving a personal view.



