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Thee role of antibiotic 
prophylaxiss in prevention of 
woundd infection after 
Lichtensteinn open mesh repair 
off primary inguinal hernia. 
AA multicenter double-blind randomized 

controlledd trial. 

Annalsoff Surgery 2004 Dec;240(6):955-60: discussion 960-1. 



A b s t r a c t t 

O b j e c t i v e :: To determine whether the use of p rophy lac t ic 

an t i b i o t i css is ef fect ive in the prevent ion of post -operat ive 

w o u n dd in fec t ion after L ichtenste in open mesh ingu ina l hernia 

repair . . 

S u m m a r yy B a c k g r o u n d Data: A recent Cochrane meta-

analys iss (2003) conc luded that 'an t ib io t ic prophy lax is for 

e lect ivee ingu ina l hern ia repair cannot be f i rmly recommended 

orr d i sca rded ' . 

M e t h o d s :: Pat ients wi th a primary ingu ina l hernia scheduled 

forr L ich tens te in repair were randomized to a preoperat ive 

s ing lee dose of 1.5 g in t ravenous cepha lospor in or a p lacebo. 

Pat ientss wi th recur ren t hernias, immunosuppress ive diseases 

orr a l lerg ies for the given ant ib iot ic were exc luded. In fect ion 

wass def ined us ing the Centers for Disease Con t ro l and 

Prevent ionn cr i te r ia . 

Resul ts :: We inc luded 1040 pat ients in the study between 

Novemberr 1998 and May 2003. A c c o r d i n g to the in ten t ion to 

t reatt p r inc ip le 1008 pat ients were analyzed. There were 8 

i n fec t i onss (1.6%) in the ant ib io t ic prophy lax is group and 9 

(1.8%)) in the p lacebo group (p=0.82). There was 1 deep 

in fec t ionn in the an t ib io t i c prophylaxis g roup and 2 in the 

p laceboo g roup (p=0.57). Stat is t ica l analysis showed an 

abso lu tee risk reduc t ion (ARR) of 0.19% (95%CI: -1.78%-1.40%) 

a n d a n u m b e rr needed to treat (NNT) of 520 for the tota l 

numberr of i n fec t ions . For deep in fec t ion the ARR is 0.20% 

(95%CI:: -0.87%-0.48%) wi th a NNT of 508. 

C o n c l u s i o n :: A low percentage (1.7%) of wound in fec t ion 

afterr L ich tens te in open mesh ingu ina l (pr imary) hernia repair 

wass f o u n d and there was no d i f ference between the ant ib io t ic 

p rophy lax iss or p lacebo group. The resul ts show that in 

L ich tens te inn ingu ina l primary hernia repair an t ib io t ic 

p rophy lax iss is not ind icated in low risk pat ients. 



Meshh repair is, in many western countries, rapidly becoming the most popular 

techniquee for repair of inguinal hernia.1'6 Of the open mesh repair techniques the 

Lichtenn stein hernia repair is most frequently used. The Lichtenstein technique 

iss a tension free repair of the weakened inguinal floor using a polypropylene 

mesh.77 It is uncertain whether antibiotic prophylaxis is necessary as prevention 

againstt postoperative wound infections which occur in 0-9% of inguinal hernia 

repairs.88 Especially when a foreign body, like polypropylene mesh is involved, a 

deepp infection should be prevented. Surgeons at the Lichtenstein Hernia 

Institutee sprinkled bacitracin and polymyxin powder into the wound to prevent 

infection,, but sometime ago this strategy was abandoned.1' Few clinical trials 

havee addressed this issue. Onee trial showed a significant (10-fold) decrease in 

woundd infections with intravenous antibiotic prophylaxis in mesh repair10; two 

otherss did not.ll-J2 A Cochrane meta-analysis13 in 2003 concluded that'antibiotic 

prophylaxiss for elective inguinal hernia repair cannot be firmly recommended or 

discarded'' and 'further studies are needed, particularly on the use of mesh 

repair'. . 

Sincee many randomized trials and meta-analyses have shown that mesh repair 

reducess the risk of hernia recurrence, the prosthetic repair is worldwide 

acceptedd as the gold standard in inguinal hernia repair,5i6'"~16 Both in the United 

Statess and Europe over 1.000.000 inguinal hernia repairs are yearly performed16 

andd therefore any improvement in their treatment could have a large medical and 

economicall impact. Especially a reduction in the number of wound infections 

wouldd have a great impact. Conversely, discarding the use of antibiotic 

prophylaxiss in inguinal hernia repair could reducethe risks of toxic and allergic 

sidee effects, the possible development of bacterial resistance17 or 

superinfectionss and reduce costs. 

Too assess if systemic antibiotic prophylaxis prevents wound infection in 

Lichtensteinn inguinal hernia repair a multi-center double-blind placebo 

controlledd randomized trial was performed in the Netherlands. 



Patientss and methods 

Threee nonteaching and one teaching general hospital participated in this study. 

Surgicall residents and surgeons in participating hospitals enrolled patients and 

performedd the operations. The ethics committees of all hospitals approved the 

studyy and all patients gave informed consent. 

Characteristicss of the patients 
Patientss with a primary uni-or bilateral inguinal hernia and an indication for 

Lichtensteinn hernia repair were eligible forthe study. Exclusion criteria were: age 

underr 35, the need for antibiotics for a different reason, immunosuppressive 

diseasee {diabetes mellitus, malignancy, HIV) or medication (glucocorticoid 

therapy),, allergy to the given antibiotic, recurrent hernia or the inability to get an 

informedd consent. In orderto getinsightina potential selection bias all eligible 

patientss in oneofthefourhospitalswere registered. 

Randomm assignment to treatment groups 
Thee patients were double-blinded randomly assigned to either intravenous 

placeboo or antibiotic prophylaxis. A pharmacist carried out randomization 

accordingg to a computer-generated list in blocks of 10 patients with stratification 

forr each hospital. 

Surgicall technique and antibiotic prophylaxis 
Thee operations were performed either by a board certified surgeon or a 

(supervised)) resident. In short: the groin of the patient was shaved just before or 

inn the operating theatre, A standard Lichtenstein hernia repair was performed as 

describedd by surgeons from the Lichtenstein Hernia Institute.7-9 Two surgeons 

withh a special interest in hernia surgery educated the participating hospitals in 

thee standard technique. A monofilament polypropylene flat mesh (Bard ® or 

Autosuture®)) was sutured in place with monofilament polypropylene suture 

(Prolene).. Anesthesia and skin closure were not standardized. 

Thee trial medication consisted of either 50 ml sterile saline (placebo) or 50 ml 

sterilee saline with 1500 mg Cefuroxim (2nd generation cephalosporin). 

Cefuroximm was chosen because of its known activity against the causative 

pathogenss in inguinal wound infection. The half-lifetime of this antibiotic is 1-2 

hourss and therefore a single dose supplies therapeutic levels until a few (3-7) 

hourss after wound closure. A pharmacist prepared the trial medication under 

laminarairfloww condition and it was packed in non-transparent material to 

excludee optical differences, The anesthesiologist administered the trial 

medicationn at the induction of anesthesia. The exact timing of administering was 

nott standardized, thereby copying daily practice. 



Dataa collection and follow-up 
Dataa collection was standardized and performed by residents and surgeons in 

thee participating hospitals. The patients were requested to return to the 

outpatientt clinic atone, two and twelve weeks for a standardized history taking 

andd physical examination. In most cases the surgeon who performed the 

operationn did not perform the follow-up. In case of missing observations the 

patientss were contacted and a standardized telephone interview was performed. 

Endd points 
Thee primary end point of the study was wound infection as defined by the 

Centerss for Disease Control and Prevention criteria (CD.C. ) 1 ' In this 

definitionn superficial infection occurs within 30 days after operation and involves 

onlyy skin or subcutaneous tissue; deep infection involves fascial and muscle 

layerss and, when related to an operation where an implant is used, may occur up 

too one year. 

Statisticall analysis 
Thee power of the trial (u 0,05, p 80%, two-sided) was based on the assumption 

thatt antibiotic prophylaxis reduces the wound infection rate from 4% (average in 

literature)) to 1%. The sample size calculated was 978 patients. Since we expected 

aa dropout of 5% we randomly allocated 1040 patients. Data for all patients who 

weree randomly assigned to a treatment group and underwent surgery were 

primarilyy analyzed on an intention to treat basis, A per-protocol analysis, which 

excludedd patients with major protocol violations, was also performed. Thethird 

analysiss performed was an as-treated analysis; that is, patients were assigned to 

aa group based on whether they did actually get antibiotics or not. No interim 

analysess were performed. Continuous normally distributed data are expressed 

ass median with 25%-75% quartiles. Chi-squareor Fisher's exact tests were used 

too compare proportions. Multivariate analysis of various risk factors (when 

p<0,100 in univariate analysis) for infection was performed with binary logistic 

regressionn analysis. For all analysis the SPSS package was used. All analysis 

weree made under the guidance of an epidemiologist. 



Resu l t s s 

Onee thousand and forty pat ients were inc luded in the study between November 

19988 and May 2003. Twenty- f ive patients were not enrol led in the primary 

analysis:: twelve pat ients wi th drew informed consent , th ir teen were eventually 

nott operated. Ano ther group of nineteen patients with an in our view acceptable 

pro toco ll v io lat ion (mainly age below 35 or presumed allergy) was inc luded in the 

analysis.. A c c o r d i n g to the intention t o treat pr incip le 1008 patients were 

analyzed.. (Figure 1) Randomizat ion was successfu l : there were no s igni f icant 

d i f ferencess in patient or operat ion character ist ics. (Table l . ) 

Triall profile of randomized controlled trial for antibiotic prophylaxis in Lichtenstein 

inguinall hernia repair. * One death because of operation related complications. 

Recruitedd patients 

Ant ib io t icc Prophy lax is 

Patientt wi thdrew informed consent 

n=6 6 
Noo operat ion 

Lostt to fo l low-up 

Diedd before complete fo l low-up 

Intent ionn to treat analysis 

Inclusionn cri teria v io la t ions 

changee of protocol 

Noo mesh repair 

An t ib io t i cc use for dif ferent reason 

Didd not receive tr ial medicat ion 

Perr Protocol analysis 

Placebo o 

Patientt wi thdrew informed consent 

n=6 6 

Noo operat ion 

n=5 5 

L o s tt t o f o l l o w - u p 

D i e dd b e f o r e c o m p l e t e f o l l o w - u p * 

I n t e n t i o nn t o t r e a t a n a l y s i s 

I n c l u s i o nn c r i t e r i a v i o l a t i o n & 

c h a n g ee o f p r o t o c o l 

N oo m e s h r e p a i r 

A n t i b i o t i cc use f o r d i f f e r e n t r e a s o n 

D i dd n o t r e c e i v e t r i a l m e d i c a t i o n 

P e rr P r o t o c o l a n a l y s i s 

n == 520 

nn = 505 



BASEE LI NE AND OPERATIVE CHARACTERISTICS OF 1008 PATIENTS WITH 

PRIMARYY INGUINAL HERNIA RANDOMIZED BETWEEN ANTIBIOTIC 

PROPHYLAXISS AND PLACEBO. 

Character is t icc Ant ib io t ic 

) ) 

S e x - N o . ( % ) ) 

Male e 

Female e 

Character is t icss of hernia- No . (%) 

Direct t 

Indi rect t 

Combined d 

Unknown n 

S u r g e o n - N o .. (%) 

Resident t 

Cert i f iedd surgeon 

A n e s t h e s i a - N o .. (%) 

Local l 

Spinal l 

General l 

Unknown n 

Bi latera ll h e r n i a - N o . (%) 

D i s i n f e c t a n t - I o d i n e - N o .. (%) 

Opera t ionn in day s u r g e r y - No . (%) 

Usee of d r a i n s - N o . (%) 

Dura t ionn of surgery - M in . 

M e d i a nn (25%-75% quart i les) 

P r o p h y l a x i s s 

(n=503) ) 

58.288 9 

4811 (95.6) 

22(4.4) ) 

198(39.4) ) 

2211 (43.9) 

76(15.1) ) 

8(1.6) ) 

212(42.1) ) 

2911 (57.9) 

10(2.0) ) 

180(35.8) ) 

3111 (61.8) 

2(0.4) ) 

27(5.4) ) 

493(98.0) ) 

2311 (46.1) 

111 (2.2) 

400 (30-50) 

P l a c e b o o 

(n=505) ) 

58.222  13.2 

490(97.0) ) 

15(3.0) ) 

2088 (41.2) 

233(46.1) ) 

60(11.9) ) 

44 (0.8) 

2255 (44.6) 

280(55.4) ) 

7(1.4) ) 

1911 (37.8) 

3033 (60.0) 

4 ( 0 . 8 ) ) 

29(5.7) ) 

4966 (98.4) 

2322 (45.9) 

4(0.8) ) 

40(28-51) ) 

Incis ionn l e n g t h - C m . 

Mediann (25%-75% quart i les) 8.0(7.0-8.3) ) 8.0(7.0-8.0) ) 

Inn one of the four part ic ipat ing hospi ta ls (OLVG) all el igible patients were 

registered.. Dur ing three years of the study period 625 patients were scheduled 

forr Lichtenstein hernia repair, 483 were el igible and 363 (75%) were eventually 

recrui tedd in the study. Not included were 120 patients for the fo l lowing reasons: 

966 (20%) refused to part icipate and 24 (5%) were not asked to part icipate. These 

numberss could be sl ight ly different for other hospi ta ls. 



Fol loww up was not complete: 199 patients missed their th i rd fo l low-up (12weeks). 

Off th is group 195 (98%) could be contacted by telephone. The four patients 

(0.4%)) lost to fo l low-up and three (0.3%) deceased patients had no indicat ion of 

ann occur r ing wound problem at their last visit to the outpat ient cl inic but did not 

cont r ibu tee to the in tent ion to treat analysis. 

Thee number of wound in fect ions was eight (1.6%) in the ant ib iot ic prophylaxis 

g roupp and nine (1.8%) in the placebo group (p=0.82). There were three (0.3%) 

deepp infect ions: one in the antibiotic prophylaxis group and two in the placebo 

g roupp (p=0.57). Stat ist ical analysis showed an absolute risk reduct ion ( A R R ) o f 

0.19%% (95% CI : -1.78%-1.40%) and a number needed to treat (NNT) of 520 to 

preventt one in fect ion. For the deep infect ion the ARR is 0.20% (95% CI : -0.87%-

0.48%)) with a NNT of 508 to prevent one infect ion. 

Otherr postoperat ive in fect ious compl icat ions showed no signi f icant di f ferences 

betweenn groups (table 2). One patient died of pulmonary compl icat ions and a 

bleedingg gastr ic ulcer. 

Forr the per pro toco l (An t ib io t i c prophylaxis: 8/475=1.7% and placebo: 

8/472=1.7%)) and as treated analysis (An t ib io t i c prophylaxis: 9/540=1.7% and 

placebo:: 8/480=1.7%) no signif icant di f ferences were observed. 

Inn the univariate analysis sex (female, p<0.01), bilateral hernia (p=0.03) and age 

abovee 60 years (p=0.02) were identif ied as risk factors for infect ion. Mult ivariate 

analysiss of these factors together with operat ion not performed in day surgery 

(p=0.06)) and operat ion performed by a resident (p=0.07) was performed. This 

analysiss reached s igni f icance for sex (female, p<0.01) as an independent risk 

fac torr for in fect ion. 



Tablee 2 

POSTOPERATIVEE COMPLICATIONS OF 1008 PATIENTS AFTER PRIMARY 

INGUINALL HERNIA REPAIR RANDOMIZED BETWEEN ANTIBIOTIC PROPHYLAXIS 

ANDD PLACEBO. 

Variablee Antibiotic group Placebo group 

(n=503)) (n=505) 

Woundd infection 8(1.6%) 9(1.8%) 

Deepp 1(0.2%) 2(0.4%) 

Superficiall 7(1.4%) 7(1.4%) 

Reoperationn within 12 weeks because of neuralgia 2(0.4%) 2(0.4%) 

Removall of infected mesh 

Urinaryy tract infections 

Pulmonaryy infections 

Orchidectomy y 

Otherr postoperative antibiotic prophylaxis s 

1(0.2%) ) 

3(0.6%) ) 

2(0.4%) ) 

1(0.2%) ) 

1(0.2%) ) 

1(0.2%) ) 

2(0.4%) ) 

1(0.2%) ) 

0(0.0%) ) 

2(0.4%) ) 

Total l 18(3.6%) ) 17(3.4%) ) 

Thee details of the patients with a postoperative wound infection are displayed in 

tablee 3. All three patients with deep wound infections had a culture with 

Staphylococcuss aureus. One patient was treated with intravenous antibiotics 

andd surgical drainage and recovered completely. Two other patients were 

treatedd with repeated courses of oral antibiotics and drainage of the wound. 

AA persistent sinus necessitated removal of the mesh in both patients. Although 

recurrencee was no end point of this study we documented six (0.6%) 

recurrences. . 



DETAILSS OF PATIENTS WITH A WOUND INFECTION FROM A GROUP OF 1008 

PATIENTSS AFTER PRIMARY INGUINAL HERNIA REPAIR RANDOMIZED BETWEEN 

ANTIBIOTICC PROPHYLAXIS AND PLACEBO. 

Dayss Cultured 

Postopp Microorganism 

Superficiall Treatment Readmittance 

Orr Deep 

Ant ib io t icc Group 14 

10 0 

14 4 

80 0 

Staphylococcuss aureus Superficial 

Anaerobiccoccus s 

Enterococcuss faecalis 

Corynebacterium m 

Superficial l 

Corynebacteriumm Superficial 

Staphylococcuss aureus Deep 

Hemolyt.Streptococcus. . 

Drainage e 

Antibiotics s 

Antibiotics s 

No o 

No o 

Drainagee No 

Antibioticss Yes 

Meshh removal 

8 8 

15 5 

28 8 

14 4 

Noo culture performed 

Noo cultureperformed 

Noo cultureperformed 

Groupp G Streptococcus 

Aspergilluss fumigatus 

Superficial l 

Superficial l 

Superficial l 

Superficial l 

Drainage e 

Antibiotics s 

Antibiotics s 

Drainage e 

Antibiotics s 

No o 

No o 

No o 

No o 

Placeboo Group 

7 7 

8 8 

15 5 

10 0 

Skinn bacteria 

Staphylococcuss aureus 

Staphylococcuss aureus 

Noo culture performed 

Superficial l 

Deep p 

Superficial l 

Superficial l 

Drainage e 

Drainage e 

Antibiotics s 

Drainage e 

Drainage e 

No o 

Yes s 

No o 

No o 

Staphylococcuss aureus Deep 

Groupp G Streptococcus 

Drainage e 

Antibiotics s 

Yes s 

8 8 

20 0 

10 0 

Staphylococcuss aureus 

Mixedd culture 

Mixedd culture 

Superficial l 

Superficial l 

Superficial l 

Meshh Remova 

Drainage e 

Antibiotics s 

Drainage e 

Drainage e 

Yes s 

No o 

No o 

Noo culture performed Superficiall Drainage No o 



Discussion n 
Bothh in the USA and Europe over one million inguinal hernia repairs are yearly 

performed.166 The majority of these repairs are nowadays performed using a 

varietyy of mesh techniques ofwhichthe Lichten stein "open flat mesh repair" is 

thee most popular.1,3,4,16 Inguinal hernia repair is an elective clean operation and 

thee postoperative wound infection rate should be very low, Prophylaxis in clean 
20 0 

operationss has been shown of value in other areas of surgery such ast rauma 

andd vascular surgery21,22 but in inguinal hernia repair its benefit remains 

uncertain. . 

Inn this large, randomized, placebo-controlled double-blind trial analyzing wound 

infectionss after Lichten stein hernia repair, there was no significant difference in 

thee rate of wound infections between groups of patients receiving antibiotic 

prophylaxiss (1.6%) or placebo (1.8%). This study was performed in general 

practicee with a representative mix of general and teaching hospitals and surgical 

experience.. In the Netherlands there are no specialized hernia centers. 

Overalll infection rate was low (1.7%) compared to a similar trial of Yerdel etal10 

(4.8%).. The relatively low incidence of wound infection (1.8%) in our placebo 

groupp compared to the 9% in the study of Yerdel etal10 may be explained by 

patient-andd operation characteristics. Previous studies suggest that these 

factorss influence the risk of wound infection1 (Table 4). Differences were the 

durationn of operation (1.5 times longer in the Turkish study), more use of 

drains233 and repeated aspiration of seromas that could cause secondary 

infections,, In both studies immunosuppressive disease was an exclusion 

criterion.. In Yerdel's study (2001)10 of 280 patients a significant (10-fold) 

reductionn of wound infections (from 9% to 0.7%) was found. The number of deep 

infections,, however, was also low and not significantly different from our study. 

Unfortunately,, the study was prematurely stopped because of the high rate of 

woundd infection. It is likely that the study was underpowered. 

AA potential drawback of our study is the timing of administration of the antibiotic 

prophylaxis:: 30 minutes before incision is difficult to organize in most hospitals, 

Inn theory the optimal timing of the administration should be so that the 

bactericidall concentration is maximal in serumandtissuesbythetimetheskin is 

incised.19'244 We chose a pragmatic approach, adhering to daily practice. 

Anotherr drawback is the shortcoming of the follow-up at three months, since 

20%% was done by telephone. There might be an observational error but these 

patientss were told to come back if there was anycomplaintandthey had nosign 

off infection at previous visits. It is unlikely that patients donotrememberan 

infectionn and there is evidence that patients are accurate in determining when a 

woundd is not infected.25,26 It can beassumedthat especially a deep infection 

wouldd be remembered and, therefore, it is unlikely that this potential bias 

influencess the final results. An explanation for the incomplete follow-up at 

twelvee weeks might be that the study was not officially funded and that follow-up 

wass performed during routine practice. 



Tab lee 4 

P A T I E N TT A N D O P E R A T I O N C H A R A C T E R I S T I C S T H A T MAY INFLUENCE THE 

R I S K O FF W O U N D I N F E C T I O N D E V E L O P M E N T . 1 9 

Patientt Operation 

Agee Duration of surgical scrub 

Nutritionall status 

Diabetes s 

Smoking g 

Obesity y 

Coexistentt infection at a remote body site 

Colonizationn with microorganisms 

Alteredd immune response 

Lengthh of preoperative stay 

Skinn antisepsis 

Preoperativee shaving 

Preoperativee skin prep 

Durationn of operation 

Antimicrobiall prophylaxis 

Operatingg room ventilation 

Inadequatee sterilization of instruments 

Foreignn material in the surgical site 

Surgicall drains 

Surgicall technique 

Sincee the re is no benefit in the use of ant ib iot ic prophylaxis for inguinal hernia 

repairr in low risk pat ients its use is not cost effective. Because of an unknown 

impactt on bacterial res is tance1 7 the use of rout ine ant ib iot ic prophylaxis in 

pr imaryy inguinal hernia repair should be d iscouraged. The cost benefit for one 

pat ientt is relatively l imi ted (13.54 Euro27). However, because of the large number 

off inguinal hernia repairs performed in low-r isk patients (estimated 70% of all 

hernias)) d iscard ing the use of antibiot ic prophylaxis wi l l save around 10 mi l l ion 

Euroo i n t h e U . S . a n d Europe. In contrast, if a wound infect ion occurs, it has been 

postu latedd that there is an increase in the recurrence rate ' but th is was in 

part icularr when non-mesh techniques were per formed. A major problem occurs 

whenn the mesh is in fected. Several studies reported late-onset of mesh infect ion 

orr chron ic gro in sepsis ' eventually leading to complete mesh removal. In th is 

s tudyy three deep in fect ions are reported. In all Staphylococcus aureus was 

cu l turedd resu l t ing in mesh removal in two patients (0.2%). 

Conc lus ion n 
Inn th is t r ia l , performed in general practice, a low wound infect ion rate (1.7%) after 

L ichtenn stein inguinal (pr imary) hernia repair was found . The results show that in 

L ichtenn stein inguinal primary hernia repair ant ib iot ic prophylaxis is not 

indicatedd in low risk pat ients. 

A c k n o w l e d g e m e n t s s 

Wee are indebted to the surgeons, residents, and others at Ziekenhuis Amstelveen, 

Ziekenhuiss Hilversum, Onze Lieve Vrouwe Gasthuis and West-Fries Gasthuis for their help 

withh this study. To Dr. G.J. Weverling, for statistical support. 
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