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Background: Methicillin-resistant Staphylococcus aureus (MRSA) infection is emerging as a

major problem in vascular surgical practice. The aim of this study was to review the
management of patients with MRSA infection complicating vascular surgical operations.
Methods: Data were obtained from the vascular audit, case notes, intensive therapy unit
(ITU) notes, high dependency unit (HDU) notes and microbiological records of patients
who underwent either arterial reconstruction (n = 464) or limb amputation (n = 110) between
April 1994 and October 1998.
Results: Forty-nine vascular surgical patients developed clinical MRSA infection (9%).
Clinical MRSA infection in patients who had undergone aorto-iliac reconstruction (n = 18)
was associated with a 56% mortality (n = 10) and the most common infections were

bacteraemia (55%) and pneumonia (50%). MRSA infection occurred in 17 patients who had
undergone infra-inguinal bypass and was associated with a 29% mortality (n = 5). The most
common site of MRSA infection was the groin wound (76%) leading to anastomotic
dehiscence and death in one patient (11%) and necessitating wound debridement in 4
patients (22%). MRSA infection of the groin wound in the presence of a prosthetic graft (n =
3) led to anastomotic dehiscence in 2 patients, and graft excision in 2 patients. Similar
complications were not observed in the presence of an underlying autogeneous long
saphenous vein graft (n = 16). MRSA infection following major lower limb amputation (n =
14) was associated with death in 5 patients (36%). Wound infection in 10 amputees (71%) led
to revision of the amputation to a higher level in 2 (14%) and wound debridement in 2 (14%).
Conclusions: MRSA infection has a high mortality in vascular surgical patients in general,
and following aorto-iliac reconstruction in particular. Autogeneous vein may confer some
protection against local complications following groin wound infection. Strategies aimed at
reducing the incidence of infection, including strict adherence to infection control
procedures, may reduce the severity of this problem.
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MRSA IS AN EMERGING PROBLEM IN VASCULAR SURGICAL PRACTICE

Until recently, major infection was considered an
uncommon but potentially serious complication

of vascular surgery occurring in approximately 1% of
vascular surgical procedures.' Over the last 10 years,
however, methicillin-resistant Staphylococcus aureus
(MRSA) has emerged as a serious infection in hospital-
based practice,2 which may complicate all forms of
surgery but is particularly relevant to operations
involving immunocompromised or debilitated patients
or in operations involving implantable materials.-3
Initial reports would suggest that MRSA infection in
vascular surgery has a poor outcome, particularly if
prosthetic grafts become infected.-10 The aim of this
study was to review the management of patients with
MRSA infection complicating vascular surgical oper-
ations at a single institution and consider some of the
factors affecting the outcome.

Patients and Methods

Patients who became MRSA positive (either clinical
MRSA infections or MRSA positive swabs) after vas-
cular surgical operations performesd at Leicester General
Hospital were identified from the vascular audit and
microbiological, vascular ward and intensive therapy
unit (ITU) or high dependency unit (HDU) records. The
case notes were reviewed to determine the presentation,
diagnosis and treatment of MRSA infections and
associated morbidity and mortality. Patients who
became MRSA positive following vascular procedures at
other hospitals and were then transferred to Leicester
General Hospital (for renal dialysis or ITU care) were
excluded because of difficulties obtaining accurate data
from other institutions. Patients who had become MRSA
positive on previous hospital admissions were also
excluded (vide infra).

Between April 1994 and October 1998, 464 major
vascular reconstructions and 110 major lower limb
amputations were performed. During this time period,
63 vascular patients had MRSA positive microbiological
swabs or cultures. There were 47 males (75%) and 16
females (25%) with a group median age of 75 years
(range 18-94 years). All patients had received routine
pre-operative prophylactic antibiotics (usually three
doses of intravenous co-amoxyclav [Augmentin; 1.2 g]
or cefuroxime [750 mg]) and diabetic patients had also
received 3 doses of 500 mg intravenous metronidazole.
Therapeutic antibiotics were usually continued for 5
days in patients with tissue necrosis affecting the foot.
Aortic and axillobifemoral grafts (Gelsoft, Sulzer
Vascutek Ltd, Inchinnan, UK), were bonded with
rifampicin by immersing the graft in 300 mg of

rifampicin dissolved in 5 ml of sterile water for 10 min
prior to implantation.

Hospital infection control policyfor MRSA

The hospital infection control policy during the study
was based on guidelines issued by the Combined
Working Party of the British Society for Antimicrobial
Chemotherapy and the Hospital Infection Society.12'13
Patients on the vascular unit and other hospital wards
were not routinely swabbed for MRSA unless a clinical
outbreak occurred. However, clinical staff were
educated on MRSA infection and the importance of
hand washing with antiseptic soap or alcohol hand rub
before and after each patient contact emphasised.

Vascular patients admitted to ITU or HDU under-
went routine screening for MRSA with swabs from the
nose, throat, perineum, and other sites if appropriate
(wounds, intravenous and arterial lines, areas of
abnormal skin, sputum and urine). Patients with
MRSA positive swabs but no clinical infection were
treated with mupirocin (Bactroban) nasal ointment 3
times a day and twice daily washes with 2% triclosan
liquid soap (Aquasept) for 5 days. These patients were
isolated in side rooms and all personnel in contact with
the patient wore disposable latex gloves and plastic
aprons. After completing this treatment, the patients
had swabs taken twice a week from the relevant sites.
If three consecutive negative swabs were obtained, a
decision was taken on the need for continued isolation
and the further swabs taken weekly whilst in hospital.
Patients admitted to hospital with previous MRSA
positive swabs and/or clinical MRSA infection were
isolated in a side room and treated with mupirocin and
triclosan until negative swabs were obtained. These
patients were excluded from the study because of
uncertainties of previous MRSA status. Patients with
clinical MRSA infection were treated with appropriate
antibiotics (usually intravenous vancomycin) together
with mupirocin and triclosan following consultation
with microbiologists.

Results

Forty-nine out of 574 vascular surgical patients
developed clinical MRSA infection (9%). Of these 49
patients, 23 (47%) died in hospital including 10 (20%)
who died directly as a result of MRSA sepsis. A further
14 patients had MRSA positive swabs or cultures
detected during screening on the ITU[HDU or during
ward outbreaks, but had no clinical evidence of MRSA
infection and were excluded from analysis.

Ann R Coll Surg Engl 2001; 83

MURPHY

159



MRSA IS AN EMERGING PROBLEM IN VASCULAR SURGICAL PRACTICE

Table I Outcome in patients with clinical MRSA infection (n = 49)

Aorto-iliac disease Infra-inguinal Amputation
(n = 18) (n = 17) (n = 14)

Elective 11 10 7
Emergency 7 7 7
ITU stay-days (range) 12 (1-36) 2 (1-15)* 0
Hospital stay-days (range) 24 (13 62)** 38 (10-102)*** 66 (18-138)
Postoperative day when MRSA isolated-day (median) 11 (4-28) 21 (7-103) 17 (1-90)
Mortality (%) 10 (56) 5 (29) 5 (36)

*4 out of 17 patients admitted to ITU; **1 patient transferred to another hospital on postoperative day 30;
***1 patient transferred to another hospital on postoperative day 19.

Table 2 Site of clinical MRSA infection (n = 49)

Aorto-iliac Infra- Amputation
Disease inguinal
(n= 18) (n= 17) (n= 14)

Wound 3 13 10
Intra-abdominal 2
Blood 10 2 1
Chest 9 1
Graft 2*
Leg ulcer 2 7

*Axillobifemoral grafts.

Aorto-iliac disease

Eighteen patients developed clinical MRSA infection
following aorto-iliac reconstruction and included: aortic
aneurysm repair 14, aortobifemoral grafting for arterial
occlusive disease 2, and axillobifemoral bypass 2. Of
these, 10 (56%) died in hospital including 4 patients who
died from MRSA sepsis (one MRSA sepsis syndrome,
one MRSA pneumonia, 2 abdominal MRSA sepsis), 3
from multiple organ failure, one from pulmonary
embolus, one with acute left ventricular failure and one
with respiratory failure (Table 1). The commonest sites of
MRSA isolation were blood and sputum producing
MRSA bacteraemia in 55% and MRSA lower respiratory
tract infections in 50% (Tables 2 & 3). Of 9 episodes of
MRSA bacteraemia following insertion of an aortic graft,
4 were associated with MRSA pneumonia and 2 with
intra-abdominal MRSA sepsis (of which one also had
MRSA pneumonia). The four remaining patients had no
other identified site of MRSA sepsis although 2 had
prolonged ventilation and haemofiltration for acute renal
failure. MRSA infection occurred predominantly in
debilitated ITU patients with a high number of non-
MRSA related complications (Tables 1 & 4.). No patient
was diagnosed with MRSA graft infection in this study
and rifampicin-bonding, introduced midway through
the study, was performed in 7 patients. One patient who
underwent repeat laparotomy for intra-abdominal
MRSA sepsis had no radiological evidence of graft

Table 3 MRSA infection related complications (n = 49)

Aorto-iliac Infra- Amputations
disease inguinal
(n = 18) (n = 17) (n = 14)

Re-exploration 2
Intra-abdominal sepsis 2
Sepsis syndrome 6 2 1
Chest infection/prolonged

ventilation 9
Graft infection 2*
Re-admission to hospital 2* 11 2
Amputation 1 1 2
Anastomotic bleeding 1* 1
Graft excision 2* 0
Wound debridement 0 4 2
Multiple organ failure 1
Death from MRSA sepsis 4 5 1

*Axillobifemoral grafts.

Table 4 Non-MRSA related complications in patients with clinical
MRSA infection (n == 47)

Aorto-iliac Infra- Amputation
disease inguinal
(n=23) (n = 19) (n = 17)

Cardiac 6 5 3
Amputation 1
Gastrointestinal bleed 3
Renal failure 11 1
Pneumonia 10 4 3
Pulmonary embolus 1 2
Wound infection 0 1 1
Re-operation 4 3
Blocked graft 1 2
Compartment syndrome 0 1
Deep vein thrombosis 1
Sepsis syndrome 4
Multiple organ failure 3
Cerebral infarction 1
Pancreatitis 2

infection or gross contamination of the graft (not
rifampicin-bonded) on inspection, but had multiple
MRSA infected collections secondary to infected
haematoma. A second patient with intra-abdominal
sepsis and no radiological evidence of graft infection (not
rifampicin-bonded), underwent aspiration of an MRSA
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infected subphrenic collection. Both patients eventually
died of MRSA sepsis. Graft infection was not looked for
using radiological imaging in other patients without
overt signs of intra-abdominal sepsis.

Infra-inguinal arterial reconstruction

Seventeen patients developed MRSA infection
following infra-inguinal reconstruction: The 17 infra-
inguinal procedures comprised 2 above knee femoro-
popliteal bypasses (one PTFE, one reversed saphenous
vein, LSV), 4 below knee femoropopliteal reversed LSV
bypasses, one common femoral endarterectomy with
vein patch and 10 femorodistal bypasses (one PTFE, 9
reversed LSV). Five out of 17 died (29%); 4 from MRSA
sepsis and one from anastomotic bleeding. Nine out of
17 patients (53%) with clinical MRSA infection
following infra-inguinal bypass had significant non-
MRSA complications (Table 4).

Thirteen patients (76%) developed MRSA groin
wound infections. MRSA wound infections involving
autogeneous vein grafts (n = 12) resolved with intra-
venous vancomycin therapy and included 4 (22%)
who underwent limited wound debridement and 11
(61%) who required re-admission to hospital for
treatment with intravenous antibiotics. There was no
anastomotic bleeding in patients with MRSA wound
infections complicating infra-inguinal vein grafts. One
patient (11%) underwent amputation for persistent
MRSA infection in diabetic leg ulcers despite a
functioning vein graft.
MRSA infection of the groin wound in the presence

of a prosthetic graft in (one PTFE, 2 rifampicin-bonded
Dacron axillobifemoral grafts) resulted in anastomotic
bleeding in 2 (one PTFE, one Dacron), death in one
patient (PTFE) and graft excision in 2 (Dacron).

Major limb amputation

Fourteen patients who underwent leg amputation
developed clinical evidence of MRSA infection. There
were 5 above knee amputations, 8 below knee amput-
ations and one supracondylar amputation of the femur
with application of the patella to the bone end to achieve
union (Gritti-Stokes) performed for chronic critical leg
ischaemia (n = 16) and acute ischaemia secondary to a
cardiac embolus (n = 1). Of these, 5 died (36%); one from
MRSA sepsis and 4 from ischaemic heart disease. Ten
patients developed MRSA wound infection (71%) of
whom 2 required wound debridement and 2 underwent
amputation to a higher level, the rest being treated
successfully with intravenous antibiotics (vancomycin).

Discussion

These data show that MRSA infection is a significant
cause of morbidity and mortality following vascular
surgical procedures. MRSA infection complicated 9%
of all major vascular surgical cases and MRSA sepsis
was the cause of death in 2% of all patients. This high
level of MRSA infection reflects a growing problem (30
new cases of MRSA detected per month in Leicester in
1998) in the UK and elsewhere.2 Given the problem
with MRSA in Leicester, it is now our practice to
include the risks of MRSA infection when obtaining
informed consent from patients prior to surgery.

Clinical MRSA infection in patients following aorto-
iliac reconstruction was associated with a poor
outcome. MRSA infection has a higher morbidity
compared to non-multiresistant infections13'16 because
it is more difficult to treat and is more prevalent in
debilitated ITU patients with multiple postoperative
complications.1-17 The commonest sites of infection in
this study, bacteraemia and pneumonia, are associated
with a higher mortality and are similar to those seen in
all surgical patients admitted to ITUs.18 One additional
factor increasing the mortality of MRSA infection in
vascular patients is the infection of prosthetic
material.610 MRSA aortic graft infection, has a
reported 100% mortality.8-10 It was not diagnosed in
any patient in this study although this may reflect the
difficulties of diagnosing aortic graft infection in
critically ill ITU patients.19 Almost one-quarter of
patients with MRSA bacteraemia had no apparent
septic focus and a higher index of suspicion for aortic
graft infection in these patients may have yielded a
different result.

There is little published information as to the best
treatment of MRSA infected grafts, but results appear
uniformly poor7-10 and prevention of infection is,
therefore, of the utmost importance. Early graft infection
is attributed to graft contamination at implantation,20
and measures to reduce graft infection should be
directed to this stage. Despite considerable enthusiasm
for the use of antibiotic-bonded grafts, MRSA infection
occurred in two rifampicin-bonded axillobifemoral
grafts in this series, albeit presumably from adjacent
wound infection. Furthermore, rifampicin-bonding has
not been shown to reduce the incidence of graft infection
in randomised trials,21 ' and its effectiveness in
preventing colonisation with MRSA is unknown,
Effective antibiotic prophylaxis is also important.
Cephalosporins do not offer effective peri-operative
antibiotic prophylaxis to MRSA,73 and prolonged
courses of prophylactic third generation cephalosporins
increase the risk of developing MRSA infection.24
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Vancomycin prophylaxis is, therefore, recommended for
vascular procedures in hospitals with a high incidence
of MRSA,2325 in patients colonised with MRSA,25 or in
those undergoing re-exploratory procedures in the
groin. To reduce the emergence of vancomycin resistant
strains, postoperative administration should be limited
to 24 h.2325

Conservative treatment of MRSA groin wound
infection complicating autogeneous vein grafts pro-
duced excellent results in this series. It is, therefore, our
policy to use contralateral long saphenous vein where
ipsilateral vein is inadequate rather than a PTFE graft,
and to treat established groin wound infections in
autogeneous vein grafts with prolonged courses of
intravenous vancomycin (up to several weeks depend-
ing on the clinical picture and microbiological advice)
and limited wound toilet. Conversely, for infected
prosthetic grafts in the groin, the best form of treatment
is complete graft excision with distal revascularisation
using autogeneous vein or, if no vein is available, limb
amputation.7 The most effective strategies that have
evolved to reduce MRSA infection involve minimising
spread through infection control procedures.25 Reduc-
ing MRSA carriage on the hands of staff, introducing
standards of practice to reduce MRSA transmission,
and treating affected patients has been shown to
reduce the incidence of clinical MRSA infection.2627
Reduction of MRSA transmission by healthcare staff
can be achieved by education of staff on the nature of
MRSA infection, the need for hand washing, and the
use of protective aprons and gloves when handling
MRSA patients. Hand washing between patients is
considered to be the single most effective infection
control measure.25'28 Isolation is another important
aspect of MRSA control, and all MRSA patients should
be isolated in a side room. Other attempts at reducing
the incidence of MRSA carriage, particularly the
introduction of community-derived MRSA, include
daily Hibiscrub baths following arrival on the ward.25
The most effective topical treatment for the eradication
of MRSA carriage is mupirocin, although repeated and
prolonged courses have produced resistance to this
agent and high level resistance is becoming increas-
ingly common in the UK.29

Conclusions

In conclusion, MRSA infection is an increasing pro-
blem with a high morbidity and mortality in vascular
patients. In particular, MRSA infection in patients
having aorto-iliac arterial reconstruction or insertion of
prosthetic material has a poor prognosis. Diagnosis

and treatment of established MRSA infections is diffi-
cult; therefore, strict adherence to infection control
policies are the most effective means of reducing the
scale of this problem.

Acknowledgement

This work was presented (in part) to the Association of
Surgeons of Great Britain and Ireland Annual Scientific
Meeting, Brighton, UK in May 1999.

References

1. Edwards WH, Martin RS, Jenkins JM, Mulherin JL. Primary
graft infections. J Vasc Surg 1987; 6: 235-41.

2. Speller DC, Johnson AP, James D, Marples RR, Charlett A,
George RC. Resistance to methicillin and other antibiotics in
isolates of Staphylococcus aureus from blood and CSF, England
and Wales 1989-1995. Lancet 1997; 350: 323-5.

3. Chang FY, Singh N, Gayowski T, Drenning SD, Wagener MM,
Marino IR. Staphylococcus aureus nasal colonisation and
association with infections in liver transplant recipients.
Transplantation 1998; 65: 1169-72.

4. Pick FC, Rose M, Wang D, Gardner BP, Gillett AP. The
prevention of spread of methicillin-resistant Staphylococcus
aureus in a spinal injuries centre. Paraplegia 1994; 32: 732-5.

5. Ohki S, Kamiyoshihara M, Morishita Y. Management of
postoperative fever in cardiovascular surgery. J Cardiovasc
Surg 1998; 39: 95-7.

6. Fletcher JP, Dryden M, Sorrell TC. Infection of vascular
prostheses. Aust N Z J Surg 1991; 6: 432-5.

7. Chalmers RTA, Wolfe JHN, Cheshire NJW, Stansby G,
Nicolaides AN, Mansfield AO et al. Improved management
of infrainguinal bypass graft infection with methicillin-
resistant Staphylococcus aureus. Br J Surg 1999; 86: 1433-6.

8. Nasim A, Thompson MM, Naylor AR, Bell PRF, London
NJM. Methicillin-resistant Staphylococcus aureus infection in

vascular patients [abstract]. Br J Surg 2000; 87: 505-6.
9. Torsello G, Sandmann W. Use of antibiotic-bonded grafts in

vascular graft infection. Eur J Vasc Endovasc Surg 1997; 14

(Suppl. A): 84-7.
10. Hayes PD, Nasim A, London NJM, Sayers RD, Barrie WW,

Bell PRF et al. In situ replacement of infected aortic grafts
with rifampicin-bonded prostheses: the Leicester experience
(1992 to 1998). J Vasc Surg 1999; 30: 92-8.

11. Working Party Report. Guidelines for the control of epidemic
methicillin-resistant Staphylococcus aureus. J Hosp Infect 1990;
16: 351-77.

12. Report of a combined Working Party of the British Society for
Antimicrobial Chemotherapy and the Hospital Infection

162 Ann R Coll Surg Engl 2001; 83



MRSA IS AN EMERGING PROBLEM IN VASCULAR SURGICAL PRACTICE MURPHY

Society. Guidelines on the control of methicillin-resistant
Staphylococcus aureus in the community. I Hosp Infect 1995; 31:
1-12.

13. Romero-Vivas J, Rubio M, Fernandez C, Picazo JJ. Mortality
associated with nosocomial bacteraemia due to methicillin
resistant Staphylococcus aureus. Clin Infect Dis 1995; 21: 1417-23.

14. Asensio A, Guerrero A, Quereda C, Lizan M, Martinez-Ferrer
M. Colonisation and infection with methicillin resistant
Staphylococcus aureus: associated risk factors and eradication.
Infect Control Hosp Epidemiol 1996; 17: 20-8.

15. Cheong I, Samsudin LM, Law GH. Methicillin-resistant
Staphylococcus aureus bacteraemia at a tertiary teaching
hospital. Br J Clin Pract 1996; 50: 237-9.

16. Pujol M, Pena C, Pallares R, Ariza J, Ayats J, Dominguez MA
et al. Nosocomial Staphylococcus aureus bacteremia among
nasal carriers of methicillin-resistant and methicillin
susceptible strains. Am J Med 1996; 100: 509-16.

17. Shimada M, Kamkura T, Itasaka H, Matsumata T, Hashizume
M, Sugimachi K. The significance of methicillin-resistant
Staphylococcus aureus infection in general surgery: a
multivariate analysis of risk factors and preventative
approaches. Surg Today 1993; 23: 880-4.

18. Nicholls RL. Postoperative infections in the age of drug
resistant bacteria. Am J Med 1998; 104: 11S-6S.

19. Spartera C, Morettini G, Bafile G, Di Cesare E, Alagia G,
Ventura M. Diagnostic imaging techniques in vascular graft
infection. Eur J Vasc Endovasc Surg 1997; 14 (Suppl. A): 24-6.

20. Jones L, Braithwaite BD, Davies B, Heather BP, Eamshaw JJ.
Mechanism of late prosthetic vascular graft infection.
Cardiovasc Surg 1997; 5: 486-9.

21. Braithwaite BD, Davies B, Heather BP, Earnshaw JJ. Early

results of a randomised trial of rifampicin-bonded Dacron
grafts for extra-anatomic vascular reconstruction. Br I Surg
1998; 85: 1378-81.

22. D'Addato M, Curti T, Freyrie A. The rifampicin-bonded Gelseal
graft. Eur J Vasc Endovasc Surg 1997; 14 (Suppl. A): 15-7.

23. Santini C, Baiocchi P, Serra P. Perioperative antibiotic
prophylaxis in vascular surgery. Eur J Vasc Endovasc Surg
1997; 14 (Suppl. A): 13-4.

24. Fakatsu K, Saito H, Matsuda T, Ikeda S, Furukawa S, Moto T.
Influences of the type and duration of antimicrobial
prophylaxis on an out-break of methicillin-resistant
Staphylococcus aureus and on the incidence of wound
infection. Arch Surg 1997; 132: 1320-5.

25. Ayliffe GA, Buckles A, Casewell MW, Cookson BD, Cox RA,
Duckworth GJ et al. Revised guidelines for the control of
methicillin-resistant Staphylococcus aureus infection in
hospitals. J Hosp Infect 1998; 39: 253-90.

26. Lingnau W, Allerberger F. Control of an outbreak of
methicillin-resistant Staphylococcus aureus (MRSA) by
hygienic measures in a general intensive care unit. Infection
1994; 22 (Suppl. 2): S135-9.

27. Vandenbroucke-Grauls CM, Frenay HM, an Klingeren B,
Savelkoul TF, Verhoef J. Control of epidemic methicillin-
resistant Staphylococcus aureus in a Dutch university hospital.
Eur J Clin Microbiol Infect Dis 1991; 10: 6-11.

28. Martin MA. Methicillin-resistant Staphylococcus aureus; the
persistent nosocomial pathogen. Curr Clin Top Infect Dis 1994;
14: 170-9.

29. Marples RR, Speller EC, Cookson BD. Prevalence of
mupirocin resistance in Staphylococcus aureus. J Hosp Infect
1995; 29:153-4.

Ann R Coll Stirg Engl 2001; 83 163


