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Abstract 

Infections of the sternal wound are among the most serious complications after open heart surgery. 

These infections result in increased morbidity for patients, can sometimes be fatal, and are associated 

with increased costs. Deep sternal wound infections (DSWIs) are the most common and serious of 

these infections. Late infections, which can result in formation of sternocutaneous fistulas (SCFs), are 

encountered less often, although they often represent a complex surgical problem involving several 

hospital admissions, prolonged antibiotic treatment, and repeated wound debridements. For the last 

two decades, more efficient treatments have been developed for these infections, which has lowered 

mortality—especially after the introduction of negative-pressure wound therapy (NPWT). In NPWT, 

polyurethane foam is placed in a debrided wound covered with a sterile wound drape, and a tube for 

transmission of negative pressure to facilitate wound healing is attached, increasing the likelihood of 

successful closure. 

The aims of the work presented in this thesis, which consists of four peer reviewed papers (I–IV), 

were twofold. First, to analyze the incidence, risk factors, microbiology, and outcome of DSWI in 

Iceland, concentrating on the outcome of NPWT. Second, to study the same outcome parameters for 

SCF in two well-defined cohorts of patients, one in Sweden and the other in Iceland. Clinical 

information was gathered from hospital charts and was registered electronically. When possible risk 

factors for both DSWI and SCF were evaluated, multivariate analysis was used with a case-control 

design and survival was analyzed using either direct comparison or the Kaplan-Meier method. 

In Paper I, a population-based study of DSWI in Iceland is described, involving a total of 41 

patients diagnosed between 1997 and 2004, or 2.5% of all patients who underwent open heart surgery 

during the period. The most common pathogens were Staphylococcus aureus and coagulase-negative 

staphylococci (CoNS) in 41% and 37% of cases, respectively. The strongest independent risk factors 

were: peripheral arterial disease (odds ratio (OR) = 6.4), re-operation due to bleeding (OR = 4.5), 

cerebrovascular accident (OR = 4.3), obesity (OR = 3.0), low left ventricular ejection fraction (OR = 

2.9), and history of smoking (OR = 2.9). The in-hospital mortality during this study period was 10% 

among DSWI cases, as compared to 4% in controls (p = 0.17). The one-year mortality was 

significantly higher in DSWI cases: 17% vs. 6% (p = 0.02). Patients with DSWI stayed an average of 

33 days longer in hospital for treatment. 

In Paper II, 23 patients with DSWI were treated with open and/or closed irrigation between January 

2000 and August 2005 (conventional treatment, the CvT group) and 20 patients were treated after this 

time with NPWT as a first-line therapy (the NPWT group). In all cases, the sternum could be closed 

with delayed primary closure except for one patient in each group. The median length of both in-

hospital and intensive care stay was similar in the 2 groups: 43 and 4 days, respectively. Eight patients 

(35%) in the CvT group required surgical revision for re-infections, including debridement and rewiring, 

as compared to one patient (5%) in the NPWT group (p = 0.02). Furthermore, 6 patients in the CvT 

group developed late chronic infections of the sternum requiring surgical revision, as compared to one 

in the NPWT group (p = 0.10). The 30-day mortality was not significantly different between groups (4% 

vs. 0%, p = 1.0), and the same was true for 1-year mortality (17% vs. 0%, p = 0.07). 

In Papers III and IV, the crude rate of surgically treated SCF was found to be 0.26% and 0.25% in 

Skåne and Iceland, respectively. The case-control study from Sweden identified a number of 

independent risk factors for development of SCF: previously treated sternal wound infection—
superficial or deep (OR = 15.7), pre- or postoperative renal failure (OR = 12.5), history of smoking (OR 

= 4.7), and the use of bone wax (OR = 4.2). The most common pathogens were CoNS and S. aureus, 

which were the only bacteria identified in 63% and 19% of cases, respectively. In addition to antibiotic 

treatment, NPWT was used in 20 cases of extensive SCFs in Sweden, while CvT was performed in 12 

cases; in Iceland, all cases were treated with CvT. In Sweden, the average length of stay for SCF 
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treatment was 29 days and in-hospital mortality was 6%. Furthermore, a significantly worse five-year 

survival was found in the SCF patients than in the controls (hazard ratio = 5.4). In-hospital stay ranged 

from 0 to 50 days (average 19 days) in Iceland with no in-hospital deaths. Five years postoperatively, 

58% of SCF patients were alive as compared to 85% of the control group (p = 0.003). The number of 

surgical intervention attempts ranged from one to more than 10. 

Both DSWI and SCF are associated with increased mortality and increased length of stay, and they 

often require repeated surgical interventions. The incidence of DSWI in Iceland is comparable to that 

in contemporary studies, with similar risk factors and significantly reduced survival one year after the 

infection. The use of NPWT is associated with a reduced need for surgical re-intervention. However, 

there was no statistically significant difference between groups regarding length of stay, rate of late 

chronic sternal infections, or mortality. The results indicate that NPWT should be considered as a first-

line treatment for most DSWIs. Although SCF is relatively rare, it is a devastating diagnosis with 

significant morbidity and mortality. Previous sternal wound infections, renal failure, smoking, and use 

of bone wax are independent risk factors for formation of SCF; however, in most patients SCF is not 

associated with a previous diagnosis of sternal wound infection. The optimal treatment for SCF has 

not been established, although efficient treatment options exist. 

 

Key words: Open heart surgery, deep sternal wound infection, sternocutaneous fistula, complication, 

negative-pressure wound therapy. 
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Ágrip 

Sýkingar í bringubeinsskurði eru á meðal alvarlegustu fylgikvilla opinna hjartaskurðaðgerða. 

Sýkingarnar auka sjúkdómsbyrði sjúklinga og dánartíðni. Einnig hlýst mikill kostnaður af endurteknum 

skurðaðgerðum og langvarandi sýklalyfjameðferð. Djúpar bringubeinssýkingar eru algengastar og 

alvarlegastar þessara sýkinga en síðkomnar sýkingar sem leitt geta til myndunar á  bringubeinsfistlum 

eru sjaldgæfari. Á síðustu tveimur áratugum hefur dánartíðni eftir bringubeinssýkingar lækkað vegna 

skilvirkari  meðferðar, sér í lagi með tilkomu sárasogsmeðferðar. Þá er svampi komið fyrir í sárinu, 

hann tengdur við sog og þannig ýtt undir sáragræðslu.  

Þessi doktorsritgerð samanstendur af fjórum ritrýndum greinum (I-IV) og voru markmiðin tvíþætt. Í 

fyrsta lagi að kanna tíðni, áhættuþætti, sýkingavalda og afdrif sjúklinga með djúpar 

bringubeinssýkingar á Íslandi með áherslu á árangur sárasogsmeðferðar. Í öðru lagi að kanna sömu 

þætti hvað varðar bringubeinsfistla í vel skilgreindu sjúklingaþýði, bæði í Svíþjóð og á Íslandi. Klínískar 

upplýsingar voru fengnar úr sjúkraskrám og þær skráðar rafrænt. Áhættuþættir voru metnir með 

fjölþátta aðhvarfsgreiningu og notast var við tilfella-viðmiðasnið. Lifun var annað hvort metin með 

beinum samanburði eða með aðferð Kaplan-Meier. 

Grein I byggir á niðurstöðum úr lýðgrundaðri rannsókn á 41 sjúklingi sem greindist með djúpa 

bringubeinssýkingu á Íslandi á árunum 1997 til 2004, eða 2,5% af öllum sjúklingum sem gengust undir 

opna hjartaskurðaðgerð á tímabilinu. Algengustu sýkingarvaldar voru Staphylococcus aureus í 41% 

tilfella og kóagúlasa neikvæðir staphylokokkar hjá 37% sjúklinga. Helstu sjálfstæðu áhættuþættir 

djúpra bringubeinsýkinga voru: útæðasjúkdómur (líkindahlutfall (LH) 6,4), enduraðgerð vegna 

blæðinga (LH 4,5), heilablóðfall (LH 4,3), offita (LH 3,0), lágt útfallsbrot vinstri slegils (LH 2,9) og 

reykingar (LH 2,9). Hlutfall sjúklinga sem létust innan 30 daga var 10% hjá sjúklingum með sýkingu 

borið saman við 4% í viðmiðunarhópi  (p = 0,17).  Dánartíðni einu ári frá aðgerð var marktækt hærri 

eða 17% borið saman við 6% í viðmiðunarhópi (p = 0,02). Sjúklingar með djúpa bringubeinssýkingu 

lágu að jafnaði 33 dögum lengur á sjúkrahúsi en þeir sem ekki voru sýktir. 

Í grein II er fjallað um niðurstöður rannsóknar þar sem 23 sjúklingar fengu hefðbundna meðferð 

(sáragrisjur og/eða skol) við djúpri bringubeinssýkingu á tímabilinu janúar 2000 og fram til loka 

ágústmánaðar 2005. Þessi 23 einstaklingar voru bornir saman við 20 sjúklinga sem meðhöndlaðir voru 

með sárasogsmeðferð frá byrjun september 2005 og fram til loka desember 2010. Unnt var að loka 

bringubeini hjá öllum sjúklingum nema einum í hvorum hópi. Miðgildi gjörgæslulegu (4 dagar) og 

heildarlegutíma (43 dagar) var svipað í báðum hópum. Átta sjúklingar (35%) sem meðhöndlaðir voru 

með hefðbundinni meðferð fengu aftur djúpa bringubeinssýkingu en aðeins einn (5%) í sárasogshópi 

(p = 0,02). Sex sjúklingar sem fengu hefðbundna meðferð greindust síðar með síðkomna 

bringubeinssýkingu sem krafðist  skurðaðgerðar, borið saman við einn sjúkling af 23 sem fékk 

sárasogsmeðferð (p = 0,10). Hóparnir tveir, þ.e. sem fékk hefðbundna meðferð og sá sem fékk 

sárasogsmeðferð, mældust með sambærilega dánartíðni bæði eftir þrjátíu daga (4% sbr. 0%, p = 1,0) 

og eftir eitt ár (17% sbr. 0%, p = 0,07) frá skurðaðgerð. 

Í greinum III og IV kemur fram að tíðni bringubeinsfistla sem þurfti að meðhöndla með skurðagerð 

var 0,26% á Skáni í Svíþjóð og 0,25% á Íslandi. Í sænsku rannsókninni sem var tilfella-

viðmiðarannsókn reyndust sjálfstæðir áhættuþættir bringubeinsfistla vera fyrri saga um grunna eða 

djúpa bringubeinssýkingu (LH 15,7), nýrnabilun (LH 12,5), reykingar (LH 4,7) og notkun beinvax (LH 

4,2). Algengustu sýkingarvaldarnir voru kóagúlasa neikvæðir staphylokokkar sem ræktuðust í 63% 

tilfella og S. aureus í 19% tilfella. Í sænska þýðinu var auk sýklalyfja beitt sárasogsmeðferð við 20 

sjúklinga en á Íslandi voru allir sjúklingar meðhöndlaðir með hefðbundinni meðferð, sem fól í sér allt að 

10 skurðaðgerðir. Legutími sjúklinga með bringubeinsfistla var 29 dagar í Svíþjóð og létust 6% 

sjúklinganna á sjúkrahúsi en fimm ára lifun þeirra var einnig umtalsvert lægri en viðmiðunarhóps 

(áhættuhlutfall 5,4). Á Íslandi var meðallegutími 19 dagar (bil 0 til 50) og enginn lést vegna meðferðar 
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bringubeinsfistils. Fimm ára lifun var 58% fyrir sjúklinga með bringubeinsfistil borið saman við 85% hjá 

viðmiðunarhópi (p = 0,003).  

Bæði djúpar bringubeinssýkingar og bringubeinsfistlar auka dánarlíkur sjúklinga sem gengist hafa 

undir opna hjartaðagerð. Legutími er verulega lengdur og þessir sjúklingar þarfnast endurtekinna 

skurðaðgerða. Tíðni, áhættuþættir og lifun sjúklinga með djúpa bringubeinssýkingu eru svipaðir á 

Íslandi og lýst hefur verið erlendis.  Sárasogsmeðferð hefur dregið marktækt úr endurkomu djúpra 

bringubeinssýkinga sem krefjast skurðaðgerðar, sem rökstyður notkun slíkrar meðferðar í þorra tilfella. 

Hins vegar reyndist ekki tölfræðilega marktækur munur á sárasogsmeðferð og hefðbundinni meðferð 

hvað varðar lengd sjúkrahúsdvalar, tíðni síðkominna bringubeinssýkingasýkinga eða dánartíðni innan 

30 daga. Þótt bringubeinsfistlar séu tiltölulega sjaldgæfir þá fylgir þeim aukin sjúkdómsbyrði og lifun 

sjúklinga er lakari. Sterkustu forspárþættir fyrir myndun bringubeinsfistla er fyrri saga um  

bringubeinssýkingu, nýrnabilun, reykingar, og notkun á beinvaxi í aðgerð. Stærstur hluti sjúklinga hefur 

þó ekki fyrri sögu um bringubeinssýkingu og oft líður langur tími þar til fistlarnir greinast. Í dag er ekki 

ljóst hver kjörmeðferð bringubeinsfistla er en í flestum tilfellum er hægt að uppræta sýkinguna með 

sárasogsmeðferð. 

 

Lykilorð: Opin hjartaskurðaðgerð, bringubeinssýking, bringubeinsfistill, fylgikvilli, sárasogsmeðferð. 
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1 Introduction 

Open heart surgery is one of the most common surgical procedures performed in developed countries; 

coronary artery bypass grafting (CABG), aortic valve replacement (AVR), and mitral valve repair 

(MVR) being the most common procedures (SWEDEHEART, 2012; Yuh et al., 2007). Usually 

cardiopulmonary bypass (CPB) is used and the heart arrested, but coronary revascularization can also 

be performed on a beating heart (off-pump, OPCAB). For open heart surgery, access to the heart is 

usually gained via sternotomy, dividing the manubrium and sternum longitudinally with a saw. In later 

years, however, some valvular and coronary bypass procedures have increasingly been performed 

through partial upper or lower sternotomy (Cohn et al., 1997; Tabata et al., 2008), or minimal right or 

left thoracotomy (Sasaki, 2009; Wang et al., 2009). These approaches are often technically 

challenging but the rationale is to reduce pain and other complications that are related to the 

sternotomy itself, such as surgical site infections (SSIs) and need for reoperations due to bleeding 

(Modi et al., 2008). Together with atrial fibrillation, renal failure, stroke, and bleeding, infections are 

among the most important complications related to open heart surgery and often result in significant 

morbidity and mortality (Bitkover & Gårdlund, 1998; El Oakley & Wright, 1996; Sjögren et al., 2011). 

1.1 Wound infections 

Infections such as pneumonia, urinary tract infections, and SSIs are common after surgical 

procedures; such postoperative infections constitute a significant proportion of hospital-acquired 

infections (Scheel & Stormark, 1999; Smyth et al., 2008). The incidence and severity of SSIs depends 

largely on the site of the surgery, how clean the operative area is, host factors, and operative 

technique. Traditionally, surgical wounds have been classified into four categories (Henry & 

Thompson, 2005); i) clean, as in cardiac surgery when there is non-involvement of the gastro-intestinal 

tract, ii) clean-contaminated, e.g. when the gastro-intestinal tract is opened electively, iii) 

contaminated, e.g. when the gastro-intestinal tract is opened emergently, and iv) dirty, when an 

already infected wound is opened. SSIs not only increase morbidity but can also threaten the patient’s 
life (Astagneau et al., 2001). The cost of treatment is also higher due to extended length of hospital 

stay, repeated surgical interventions, and prolonged use of antibiotics (de Lissovoy et al., 2009). Of 

the common medical injuries during a hospital stay, wound dehiscence and sepsis following surgery 

cause some of the most significant increases in cost and length of stay (Zhan & Miller, 2003).  

1.2 Wound healing 

Wound healing is a multifaceted process, with many interacting biological factors such as cytokines, 

growth factors, and cells that work in synergy at different stages. Wound infections are one of many 

risk factors that can cause disruption of this process. Normal wound healing following a surgical 

procedure or trauma is traditionally divided into three overlapping stages (Broughton et al., 2006; 

Singer & Clark, 1999): 

i) Inflammation: Haemostasis and inflammation immediately follow the tissue disruption. 

Platelets aggregate in the wound and release a myriad of cytokines (such as insulin-like-, 

epidermal-, and fibroblast growth factors) signalling leuko- and monocytes. At later stages 

(after the first 24 h) vasodilation with increased capillary permeability begins with activation of 

the complement system and migration of neutrophils, leukocytes, and monocytes (that 

become macrophages) to the wound site. In this later stage, macrophages scavenge the 

wound and continue cytokine release. This phase prepares the wound for re-epithelialization 

and eventually formation of granulation tissue. It is imperative at this stage that the cells 

succeed in making the wound sterile, with low numbers of bacteria and other contaminants. 
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ii) Tissue reformation/proliferation: Epithelialization begins a few days after the injury and 

usually takes weeks. Epidermal and dermal cell migration from skin appendages into the 

wound allows removal of blood clots and damaged tissue. This in turn stimulates 

angiogenesis, which is necessary for granulation of the wound. Fibroblasts that migrate and 

proliferate in the wound synthesize collagen and eventually become myofibroblasts that 

facilitate contraction of the wound. 

iii) Tissue remodelling/maturation: The third and last stage lasts many months, and even years, 

with granulation tissue becoming scar tissue. Fibroblasts and collagen have the main role in 

this remodelling of deposition and degradation of tissue. Contraction of the wound is 

especially prominent if the wound is closed by secondary intention, but it is also seen in 

primary closed wounds. 

Many factors are known to impair wound healing at different stages, for example foreign bodies or 

necrotic tissue (they facilitate bacterial proliferation), ischemia (due to reduced blood flow), diabetes 

mellitus (due to reduced tissue perfusion, hyperglycemia, and impaired leukocyte function), renal 

failure, and hepatic failure (Broughton et al., 2006; Marhoffer et al., 1992). In addition, psychological 

stress has been shown to slow wound healing (Kiecolt-Glaser et al., 1995). However, one of the most 

important factors affecting surgical wound healing is infection of the wound. Surgical site infections 

develop when the wound is contaminated with pathogens either directly, during the procedure, or by 

pathogens spreading to the wound site postoperatively. This usually occurs a few days or weeks 

postoperatively, but in rare cases infections can emerge even years later. Pathogens that cause SSIs 

can be derived from the patient through endogenous spread, for example nasal carriership of 

Staphylococcus aureus (Bode et al., 2010), or through an opened viscus. Secondly, exogenous 

infections can be due to contamination of the wound from healthcare personnel, instruments, or the 

operating room environment during the procedure (Tammelin et al., 2001). In virtually all procedures, a 

small number of bacteria, which can be cultured, will be present (Bitkover et al., 2000). Thirdly, a 

microorganism can reach the surgical site from a distant site, most often through hematogenous 

spread to an alien object, such as an implant of synthetic material (Darouiche, 2004). 

The risk factors for wound infections overlap with those that impair wound healing, and can be 

divided into three categories; i) preoperative factors, e.g. older age, diabetes mellitus, long 

preoperative hospital stay, history of smoking, and the nature of colonizing bacterial flora; ii) operative 

factors, e.g. poor antiseptic care, prophylactic antibiotic administration, colonization with nosocomial 

flora; and iii) postoperative factors, e.g. lengthy use of wound drains and re-exploration of the wound 

(Mangram et al., 1999; Sorensen et al., 2003). The most important aspect of surgical site infections is 

prevention, which has been continuously improved upon since Lister’s (1867) seminal work on 

antiseptics. Actions that minimize the risk of SSI in surgery include preoperative skin care, antiseptic 

care, and prophylactic antibiotic treatment (Beckmann et al., 2011; Lador et al., 2012). Routine use of 

checklists to ensure proper surgical practice has also been shown to be associated with lower rates of 

infection (Haynes et al., 2009). 

1.3 Pathogens involved in wound infections 

The most common bacteria involved in wound infections are Gram-positive cocci, mainly 

staphylococci—either coagulase-negative staphylococci (CoNS) or Staphylococcus aureus. 

Streptococci, Gram-negative bacteria and fungi, especially Candida albicans, can also cause wound 

infections. 
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Pathogens 

S. aureus is one of the most common pathogens involved in hospital-acquired wound infections. S. 

aureus is mainly found in the anterior nares of humans, with around 20% of all people being persistent 

carriers. A higher rate can be found in certain patient groups such as those with diabetes mellitus or 

who undergo hemodialysis (Kluytman et al., 1997). S. aureus has many virulence factors that often 

make treatment more difficult if the organisms are also resistant to antibiotics (Elek & Conen, 1957; 

Watkins et al., 2012). There is evidence that preoperative nasal screening for S. aureus and 

decolonization can reduce hospital-acquired wound infections caused by these bacteria (Bode et al., 

2010). Furthermore, an approach of active surveillance of nasal methicillin-resistent S. aureus 

(MRSA), careful contact with carriers, proper hand hygiene, and awareness among staff can reduce 

transmission between patients (Jain et al., 2011). 

CoNS are extremely common on the skin and do not cause harm unless there is a breach in the 

integrity of the skin (Otto, 2012; Widerström et al., 2012). Although 18 species subtypes of CoNS have 

been identified in humans, only a few have been reported to cause disease, the most prominent being 

Staphylococcus epidermidis (Widerström et al., 2012). CoNS (usually S. epidermidis) often cause 

chronic infections by forming a biofilm through attachment to an implanted medical device, such as 

intravenous catheters, prostheses, or supporting steel wires following median sternotomy (Darouiche, 

2004). In recent years, CoNS have been increasingly recognized to be primary pathogens of wound 

infections (Tegnell et al., 2000). Other gram-positive cocci—mainly Streptococcus pyogenes—are also 

important, albeit less common causes of surgical wound infections than CoNS (Lamagni et al., 2008). 

Due to high sensitivity to penicillin, most of these wound infections are easily treated, although, in 

some cases S. pyogenes can cause life-threatening infections e.g. necrotizing fasciitis (Lamagni et al., 

2008). 

Gram-negative bacteria are less commonly involved in wound infections, and are mostly found in 

infections secondary to gastrointestinal-related surgery (Owens & Stoessel, 2008); however, they can 

also have an important role in wound infections in open heart surgery (Chaudhuri et al., 2012). Fungi 

such as C. albicans are less often the primary cause of a wound infection, except in patients with co-

morbid conditions such as immunosuppression and implanted medical devices (Darouiche, 2004; 

Owens & Stoessel, 2008). Sometimes several bacteria are found, either as a cause of the infection or 

growing in the wound without actually causing the infection. 

Pathogenesis 

Wound contamination by bacteria and other pathogens is very common. Contamination does not 

affect wound healing, and a number of host factors aid in suppressing replication and progression to 

colonization of the bacteria in a wound. Colonization does not effect wound healing alone unless 

replication of the bacteria reaches a critical degree, usually defined as 105 microcolonies per gram of 

tissue (Edwards & Harding, 2004). The innate immune system responds with inflammation, and this is 

followed later by normal wound healing if progression from colonization to established infection has 

been avoided. Route of entry, virulence, and initial quantity of the pathogen can all influence the risk of 

an infection becoming established—in combination with the immune status of the host. 

Biofilms 

A biofilm is an aggregation of microorganisms such as bacteria or fungi, growing on a biological or 

non-biological surface and adhering to each other (Hall-Stoodley et al., 2004). Often the organisms 

create an extracellular polymeric substance (EPS) matrix, which provides better conditions for 

bacterial growth. Many factors can increase the risk of biofilm formation—such as a medical implant 

(Darouiche, 2004) or suboptimal antibiotic concentrations (Hoffman et al., 2005). The initial attachment 

occurs through weak bonding through van der Waal’s forces, bacterial flagellum and with beginning 
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synthesis of EPS, composed of polysaccharides and proteins. Later, there are changes in genetic 

expression and a biofilm starts to form; this is thought to be irreversible (Petrova & Sauer, 2012). Then 

the biofilm grows (through cell division) and can even spread to other sites. It is resistant to any 

attempts to eradicate it, largely due to antibiotic resistance conferred by the EPS matrix. In some 

cases, thousands of times higher doses of antibiotics may be needed, making traditional antibiotic 

treatment unsuccessful and unfeasible (Stewart & Costerton, 2001). There are three main 

explanations for this degree of protection: i) slow or reduced penetration of antibiotics; ii) an altered 

chemical microenvironment; and iii) that a subpopulation of bacteria develops with high antibiotic 

resistance (Stewart & Costerton, 2001). A particular problem in treating biofilms is the property of a 

proportion of the bacteria to become persister cells—cells that are not actively reproducing and are 

highly resistant to antibiotics (Singh et al., 2009). These bacteria can later begin to multiply and 

maintain the biofilm, making eradication difficult. 

Antibiotic resistance 

The sensitivity of S. aureus to penicillin was almost 100% in the 1940s, but within a few decades the 

resistance has risen to 70–85% due to the production of penicillinase, that cleaves the β-lactam ring of 

penicillin (Chambers, 2001). Then penicillinase-resistant penicillins were developed, such as 

methicillin and cloxacillin, which were active against the penicillin-susceptible strains. However, since 

the 1970s, the development of resistance to penicillinase-resistant penicillins in S. aureus, such as 

MRSA, has become a serious problem globally. It has been shown that the antibiotic resistance of 

MRSA is genetically mediated, and transferred between bacteria. The staphylococcal cassette 

chromosome mec (SCCmec) contains the mecA gene that confers methicillin resistance (Katayama et 

al., 2000). Furthermore, the mecA gene prevents β-lactam antibiotics, such as methicillin, from 

inhibiting cell wall synthesis of S. aureus, by producing penicillin binding protein 2a (PBP 2a) 

(Katayama et al., 2000). Even vancomycin-resistant strains of S. aureus have been reported; the first 

documented case in 1996 was cultured from a sternal wound infection in an infant who had undergone 

open heart surgery (Hiramatsu et al., 1997). The prevalence of MRSA is generally lower in the Nordic 

countries and the Netherlands than in the rest of Europe (ECDC, 2012), this being due to 

comprehensive screening programs and eradication of identified cases (Elstrøm et al., 2012; 

Holzknecht et al., 2010). In Iceland, the proportion of MRSA in cultured samples of S. aureus was only 

1.5% in 2010 (ECDC, 2012). In the USA, MRSA rates have been very high but implementation of 

programs similar to those in the Nordic Countries and the Netherlands has been shown to be 

associated with reduced rates of MRSA infections (Jain et al., 2011). In many cases, CoNS is resistant 

to staphylococcal antibiotics such as methicillin/oxacillin, mainly due to alterations in PBP 2a 

(Chambers et al. 1985). In 2011, 61% of cultured CoNS in Iceland were sensitive to Cefoxitine 

(Department of Clinical Microbiology, 2012), which is used to assess β-lactam penicillin resistance. 

Other examples of bacteria that are resistant to antibiotics and that are becoming a global disease 

burden are vancomycin-resistant enterococci (VRE), carbapenemase-producing Enterobacteriaceae 

such as Klebsiella pneumoniae, and extended-spectrum beta-lactamase (ESBL)-producing 

Escherichia coli (Arias & Murray, 2012; Nordmann et al., 2011; Oteo et al., 2010). 

Prevention of wound infections 

Apart from general preoperative antiseptic measurements (e.g. hand hygiene and skin 

decontamination), antibiotic prophylaxis has consistently been shown to be the most effective way to 

reduce the rate of SSIs in virtually all surgical specialities (Bowater et al., 2009). Most guidelines 

recommend administration of intravenous antibiotics within 60 minutes before incision (Källman & 

Friberg, 2007). In open heart surgery, cephalosporins are usually recommended to cover the most 

common bacteria, and as a second choice—e.g. in case of allergy—vancomycin. Intravenous 

prophylactic antibiotic treatment is often given for 48 hours and should generally be extended ≥ 24 
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hours postoperatively, since this has been shown to reduce the risk of infection even further (Mertz et 

al., 2011).  Although some reports have been promising, there is conflicting evidence for whether or 

not prophylactic use of a gentamicin sponge introduced between the wound halves—e.g. sternal 

halves in open heart surgery—can reduce the infection rate (Bennett-Guerrero et al., 2010; Friberg et 

al., 2005). Other measures such as cyanoacrylate glueing to aid in closure of the surgical wound may 

be effective (Chambers & Scarci, 2010) but they generally lack proper evidence because of the 

scarcity of studies (Lipp et al., 2010). 

1.4 Sternal wound infections 

The first published report of a surgical operation of the human heart, which was performed in 1895 in 

Norway, described a 24-year-old man who had a laceration of the heart after a stab wound. The 

wound was sutured; however, three days later the patient died from a severe infection of the wound 

site (Baksaas & Solberg, 2003; Cappelen, 1896). Sternotomy was first described by Milton in 1897, 

but did not gain widespread popularity until Julian et al. (1957) described this procedure for open heart 

surgery and surgeons worldwide started using it (Dalton et al., 1992). Today, a midline sternotomy is 

the most common surgical method used in surgery to gain access to the heart and other thoracic 

organs (Figure 1.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 Midline sternotomy. After reaching the sternum by a vertical incision, a sternal saw 
is used to divide the sternum. Photo: Tómas Guðbjartsson. 

Definitions and diagnostic criteria 

Sternal wound infection, an SSI of the sternotomy incision, is a devastating and sometimes fatal 

complication. Sternal wound infections can be divided into superficial infections and deep infections, 

based on the depth of the infection in the wound. Early infections include both superficial infections, 

reaching the dermis and subcutaneous tissue, and deep sternal wound infections (DSWIs) that reach 

under the sternum and the anterior mediastinum. Thus, a DSWI is also often referred to as 

postoperative mediastinitis, which can present either early—more common—or as a late infection. 
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Late infections often comprise a combination of superficial and deep infection and they include 

osteomyelitis, subcutaneous abscess, and sternocutaneous fistulas (SCFs). 

An early superficial infection occurs within 30 days of the operative procedure and involves only 

skin and subcutaneous tissue of the incision (Horan et al., 2008). In addition, the patient must have at 

least one of the following: i) purulent drainage from the superficial incision, ii) organisms isolated from 

an aseptically obtained culture of fluid or tissue from the superficial incision, iii) at least one of the 

following signs or symptoms of infection: pain or tenderness, localized swelling, redness, or heat; a 

superficial incision is deliberately opened by the surgeon and is culture-positive or not cultured (a 

culture-negative finding does not meet this criterion), and/or iv) diagnosis of a superficial incision 

surgical site infection by the surgeon or attending physician. A DSWI is specifically defined as an 

infection that reaches the mediastinum, which is deeper than the sternum (Figure 1.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2 A DSWI with separation of the sternal halves and purulent discharge. Photo: Tómas 
Guðbjartsson. 

According to the definition by the Centers for Disease Control and Prevention (CDC), the diagnosis of 

postoperative mediastinitis or DSWI requires at least one of the three criteria given in Table 1.1. 

 

Table 1.1 CDC criteria for the diagnosis of DSWI (Horan et al., 2008). 

i) Organisms cultured from mediastinal tissue or fluid obtained during a surgical operation 
or needle aspiration 

ii) Evidence of mediastinitis seen during a surgical operation or histopathological 
examination 

iii) At least one of the following signs or symptoms with no other recognized cause: fever 
(> 38°C), chest pain, or sternal instability and at least 1 of the following: 

    a) purulent discharge from mediastinal area 

    b) organisms cultured from blood, or discharge from mediastinal area 

    c) mediastinal widening on X-ray 

 

Various systems for classification of DSWI have been proposed, but the most widely used is the one 

published by El Oakley and Wright (1996), which is shown in Table 1.2. This classification system 

emphasizes the time to diagnosis and whether a patient has identifiable risk factors for DSWI. 
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Table 1.2 Classification of deep sternal wound infection by El Oakley and Wright. 

Class Description 

Type I Mediastinitis presenting within 2 weeks of operation in the absence of 
risk factors 

Type II Mediastinitis presenting at 2–6 weeks after operation in the absence 
of risk factors 

Type III A Mediastinitis type I in the presence of one or more risk factors 

Type III B Mediastinitis type II in the presence of one or more risk factors 

Type IV A Mediastinitis type I, II, or III after one failed therapeutic trial 

Type IV B Mediastinitis type I, II, or III after more than one failed therapeutic trial 

Type V Mediastinitis presenting for the first time > 6 weeks after operation 

 

The definition of late sternal wound infections is less well defined than that for early infections. There is 

a large overlap among the various types of late sternal wound infections, including osteomyelitis, 

subcutaneous abscesses, and chondritis. SCFs belong to this group of poorly defined late infections. 

In this thesis, the following definition of SCF was used: a draining sinus tract from the sternum to the 

skin, treated surgically after discharge from hospital with an apparently healed sternotomy wound. 

1.4.1 Superficial sternal wound infections 

Superficial sternal wound infections have not been studied as thoroughly as DSWI, due to their much 

lower morbidity and mortality. The incidence is higher than for DSWI, and in prospective studies the 

incidence is in the 2–6% range (Berg et al. 2011; Crabtree et al., 2004; Ridderstolpe et al., 2001). 

These infections are often minor and respond to oral antibiotics or minor wound revision. Risk factors 

include those for other SSIs, including age and obesity (Ridderstolpe et al., 2001). 

1.4.2 Deep sternal wound infections 

Incidence 

DSWIs most often represent early sternal wound infections, and are the most commonly reported 

postoperative infections of the sternum. However, although rare, late superficial infections can also 

develop into DSWIs. The incidence of DSWI is most often reported to be in the 1-3% range; however, 

the rates vary considerably due to different patient populations and diagnostic criteria, as shown in 

Table 1.3 (El Oakley & Wright, 1996; Johannsson et al., 1993; Matros et al., 2010; Modrau et al., 

2009; Poncelet et al., 2008; Ridderstolpe et al., 2001; Sjögren et al., 2005a; Zacharias & Habib, 1996). 

Due to the severity of DSWI, the incidence and outcome can be used as an indicator of quality of care. 

 

Table 1.3 The incidence of DSWI in relevant studies. 

Author (year) Cases of DSWI / Study population Rate, % 

Matros (2010) 285 / 21,000 1.4 

Modrau (2009) 83 / 4,222 2.0 

Poncelet (2008) 110 / 5,905 1.9 

Sjögren (2005a) 101 / 11,348 0.9 

Ridderstolpe (2001) 97 / 3,008 3.2 

Zacharias (1996) 21 / 2,308 0.9 

Johansson (1993) 9 / 616 1.5 

Total 706 / 48,407 1.5 
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Risk factors 

A diagnosis of DSWI is most often established in the first days or weeks after the primary operation 

(Zacharias & Habib, 1996). Numerous risk factors have been identified, and they can be divided into 

preoperative, perioperative, and postoperative factors, as shown in Table 1.4 (together with estimated 

odds ratios (ORs) associated with each risk factor) (Ariyaratnam et al., 2010; Bitkover & Gårdlund, 

1998; Borger et al., 1998; Ridderstolpe et al., 2001; Sjögren et al., 2005b). Results pertaining to the 

role of gender as a risk factor for DSWI have been inconsistent: female gender has been reported to 

be associated with both increased risk (Savage et al., 2007) and reduced risk (Borger et al., 1998; 

Stahle et al., 1997). Following the introduction of continuous infusion of insulin during open heart 

surgery, the importance of diabetes mellitus as an independent risk factor for DSWI has diminished 

(Furnary et al., 1999). The mechanisms by which the risk factors can promote infection are numerous: 

mechanical force to the wound (e.g. cough related to chronic obstructive pulmonary disease (COPD), 

re-exploration for bleeding), reduced circulation in the wound (e.g. peripheral arterial disease, diabetes 

mellitus, smoking etc.), or haematogenous spread (e.g. renal failure). Immunosuppression can also 

play a role (e.g. corticosteroids). 

 

Table 1.4 Major clinical risk factors for DSWI. (For references, see text). 

Risk factor OR 
Preoperative  

Diabetes mellitus 2.0–5.8 

Obesity 2.7–3.5 

Peripheral arterial disease 2.1 

Smoking 2.4 

Left ventricular EF ≤ 30% 3.0 

Chronic renal failure 6.9 

Three-vessel coronary arterial disease 6.9 

Chronic pulmonary disease 2.5 

  

Perioperative  

Bilateral use of internal mammary arteries 4.2 

  

Postoperative  

Ventilator support (for every hour) 1.01 

Use of β-adrenergic drugs 19.7 

 

Pathogens 

The most common pathogens identified in DSWI cases are Gram-positive cocci, or in more than two-

thirds of cases, both CoNS and S. aureus, as shown in Table 1.5 (Bitkover & Gårdlund, 1998; Borger 

et al., 1998; Modrau et al., 2010; Sjögren et al., 2006). Gram-negative bacteria have been identified in 

5–22% of cases, while multiple pathogens are reported in up to one quarter of cases (Bitkover & 

Gårdlund, 1998; Borger et al., 1998; Sjögren et al., 2006). MRSA cases usually constitute a difficult 

clinical problem (Carrier et al., 2002) and are associated with increased mortality (Hanberger et al., 

2011). 
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Table 1.5 Microbiology of DSWI. (For references, see text). 

Pathogen Proportion, % 
Gram-positive cocci 67–84 

   CoNS 24–60 

   S. aureus 10–42 

Gram-negative bacteria 5–22 

Multiple pathogens 8–23 

Fungi 0–10 

 

Treatment 

DSWI is initially treated with intravenous antibiotics in accordance with local bacteriology. Since CoNS 

are often multi-resistant and MRSA is common in some centres, first-line antibiotic treatment is 

commonly intravenous vancomycin, until results from antimicrobial susceptibility tests become 

available (Tegnell et al., 2000). Cloxacillin and other β-lactamase-resistant staphylococcal antibiotics 

are commonly used when infection with either S. aureus or CoNS has been established. A major 

concern is the formation of a biofilm, which prevents antibiotic permeability and which will usually 

require surgical treatment. Ozcan et al. (2006) found evidence in a rat model that combined topical 

and systemic application of vancomycin for DSWI was more effective than systemic treatment alone. 

However, topical application of antibiotics has not been established as a superior treatment of DSWI. 

In addition to antimicrobial therapy, surgical treatment is generally necessary for DSWI. Although 

the most appropriate surgical approach for treatment of DSWI is still being debated, there is a 

consensus that rigorous debridement is necessary, as well as a sterile sternal wound before definitive 

closure. Several methods are used to ensure the sterility of a wound before closure can be achieved. 

There are three approaches to closure of the wound: i) primary intention, i.e. the wound is closed 

within hours by drawing the wound edges together, ii) secondary intention, i.e. there is no direct 

closure; the sterile wound granulates and heals (see Chapter 1.1), and finally, iii) tertiary intention or 

delayed primary closure, i.e. the wound is debrided and left open for treatment and observation, and is 

then closed a few days later. When either primary intention or delayed primary closure is used, the 

sternal halves can often be re-wired in a fashion similar to that in a primary operation—or more 

securely, if there is risk of fracture, using the Robicsek technique (Robicsek et al., 1977). 

Conventional treatment 

The earliest treatment for DSWI was revision of the wound, followed by either open wound dressings 

or closed irrigation. Open wound dressing changes involve frequent changes of paraffin gauzes and 

close observation of the wound. The first adjunct therapy to debridement and open wound dressing 

was the use of antibiotic irrigation of the wound, or closed irrigation, which was first described by 

Shumacker and Mandelbaum in 1963. Later, this method was developed further and standardized by 

Bryant et al. (1969).  

Stability of the sternum before delayed primary closure is of great importance regardless of the 

treatment method. Many cases of right ventricle perforation during conventional treatment (CvT) have 

been described that are often believed to be related to rupture due to the sternal halves tearing the 

ventricle wall (Arbulu et al., 1996). Furthermore, pulmonary function of patients with an unclosed 

wound is impaired, often requiring them to remain intubated for prolonged periods of time. It has been 

reported that a steel plate will suffice to fixate an unstable sternum after extensive debridement for 

DSWI (Cicioloni et al., 2005). It has been shown in rats that a tissue adhesive—cyanocryalate—used 

to glue the sternal halves increases both the efficacy of systemic antibiotic treatment (Basaran et al., 

2008) and survival (Ogus et al., 2002). 
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Soft tissue flap transposition is often required to fill a sternal defect resulting from repeated 

treatment interventions, or to directly fill a sternal wound after debridement. The omentum as a soft 

tissue flap was first described by Lee et al. (1976), but then the sternum is removed almost 

completely, followed by transposition—on a vascular pedicle—of the greater omentum to the sternal 

defect, and the wound is closed with primary intention. 

Instead of an omental flap, a muscle flap is more commonly used today, most often the pectoralis 

muscle (Jones et al., 1997). Jurkiewicz et al. (1980) described the first cases in which a soft tissue flap 

from muscles was used. In their study, patients who had not responded to either open wound dressing 

or closed irrigation were treated by vascularising and transposing the pectoralis major, and in some 

cases the rectus abdominis muscle also, to the wound to fill up the sternal defect.  

Complications following conventional treatment 

A difficult complication of open wound dressing treatment, irrigation, and other forms of CvT, is a high 

rate of recurrent DSWI (Assmann et al., 2011; De Feo et al., 2010; Petzina et al., 2010; Sjögren et al., 

2005a). A commonly reported complication of sternal reconstruction using muscle flaps is chronic pain 

and/or sternal instability, which has been reported in over 40% of cases (Yuen et al., 1995). 

Furthermore, many patients who have had a pectoralis muscle transposition have long-term muscle 

weakness (Yuen et al., 1995). Abdominal hernias following omental transfer can occur, and can 

require surgical intervention (Milano et al., 1999). 

Negative-pressure wound therapy 

Negative-pressure wound therapy (NPWT), introduced in the late 1990s, is a newer treatment modality 

that can stabilize the sternum and promote granulation of the wound. In 1997, Michael Morykwas and 

Louis Argenta first reported the use of NPWT for the treatment of wounds (Argenta & Morykwas, 1997; 

Morykwas et al., 1997). Since then, NPWT has been used for different kinds of acute and chronic 

wounds. Obdeijn et al. (1999) were the first to describe successful use of NPWT in three patients with 

DSWI. Since then, numerous reports have been published providing stronger empirical evidence of 

the usefulness of NPWT in the treatment of DSWI. 

Mechanism of negative-pressure wound therapy 

NPWT promotes wound healing in different types of wounds through removal of excess fluids and 

other debris by creating negative pressure, often referred to as vacuum, in a well-sealed wound. The 

proposed mechanisms by which NPWT aids wound healing are numerous; increased perfusion of the 

wound, facilitated granulation tissue formation, and removal of fluid (Morykwas et al., 2006). An NPWT 

device has four separate elements: i) a pump that generates negative pressure within a tightly sealed 

wound, ii) dressing materials that both fill the wound (usually polyurethane foam) and cover it 

(adhesive drape), iii) non-collapsible tubing that removes fluid from the wound, and iv) a container to 

collect the fluid and debris that are removed from the wound by the vacuum created in the system. A 

number of different commercially available NPWT systems are available, but most hospitals have used 

vacuum-assisted closure (V.A.C.®), manufactured by KCI Medical, San Antonio, TX (Figure 1.3). 
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Figure 1.3 Negative-pressure wound therapy consisting of: i) a pump, ii) dressing materials 
(polyurethane foam and drapes), iii) tubing, and iv) a container (not shown). 
Vacuum-assisted closure (V.A.C. ®). Printed with permission from KCI Medical, San 
Antonio, TX. 

Negative-pressure wound therapy used for deep sternal wound infections 

When NPWT is used for DSWI, multiple layers of paraffin gauze are placed at the bottom of the 

sternal wound after debridement. This is done to prevent rupture of the right ventricle of the heart, a 

known and often fatal complication of DSWI treatment (Khoynezhad et al., 2004). Following placement 

of the paraffin gauzes, polyurethane foam is cut to fit the wound and a sterile wound drape covers it; a 

tube for transmission of pressure is attached through a hole in the drape (Figure 1.4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.4 NPWT in use for DSWI, with sponge and wound drapes in place. Photo: Tómas 
Guðbjartsson. 

The negative pressure applied to the wound has been shown to increase microvascular blood flow a 

few cm from the wound, while hypoperfusion has been seen close to the edge of the wound 

(Wackenfors et al., 2004; Wackenfors et al., 2005). Recent studies have shown that gauze may be 

used, with similar results as for polyurethane foam. Malmsjö et al. (2009a; 2009b) showed that 

pressure transduction in the wound along with contraction and blood flow changes due to NPWT were 

similar with foam and gauzes. Furthermore, the use of polyurethane foam has been shown to induce 



  

12 

more tissue contraction into the foam than with gauzes (Borgquist et al., 2010), which may increase 

the pain experienced by the patient upon removal. On the other hand, increased tissue contraction 

when using polyurethane foam in the wound may stimulate formation of granulation tissue (Heit et al., 

2012). Furthermore, polyurethane foam has been shown to be associated with elevated expression of 

genes associated with early wound infections that regulate e.g. inflammation, angiogenesis, and 

cytoskeletal formation (Derrick et al., 2008). 

The negative pressure in a sternal wound is usually applied at a continuous pressure of -125 

mmHg. However, in a rat model, continuous pressures of -50, -75, or -125 mmHg were shown to be 

similarly effective at reducing the wound area (Isago et al., 2003). Furthermore, in a porcine model the 

stability of the sternum was found to be similar at pressures of -75, -125, and -175 mmHg but diastasis 

of the foam was more pronounced at pressures less than -100 mmHg (Mokhtari et al., 2006). The 

finding that -75 mmHg leads to optimal contraction of the wound has been confirmed, but it was 

observed that if the wound fluid volume was high, an initial pressure of -125 mmHg could be regarded 

as optimal (Borgquist et al., 2011). Instead of continuous pressure, cyclical (or intermittent) application 

of negative pressure may sometimes be more convenient and it may even have advantages for wound 

healing (Malmsjö et al., 2012). This was demonstrated already in the first experiments by Morykwas 

and Argent, but its use in sternotomies is more limited due to the lack of added stability to the wound 

(Morykwas et al., 1997). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.5 The same patient as in Figure 1.4 after two weeks of NPWT. The wound is clean and 
the wound edges are well vascularised. Photo: Tómas Gudbjartsson. 

The wound is usually re-opened after 2–4 days after treatment with negative pressure. Based on both 

clinical observations and parameters in the patient’s blood related to infection (such as C-reactive 

protein and neutrophil count), it is decided whether the wound is sterile and the proliferative stage of 

wound healing has begun (Gustafsson et al., 2002). If the wound is not healed, new foam is placed 

with negative pressure. Patients with DSWI most often require a total of four to six operations as part 

of the NPWT treatment. This includes the initial debridement where the foam is first placed, and 

wound closure (Petzina et al., 2010; Sjögren et al., 2011). After the wound is healed and all signs of 

infection are gone (Figure 1.5), the sternum is re-wired and the cutis sutured. In this way, a delayed 

primary closure can be achieved in most cases (Gustafsson et al., 2003). A few reports have 

described the use of NPWT for secondary intention as method of closure of the wound, but this has 

generally led to a worse outcome (Bapat et al., 2008; Domkowski et al., 2003). 
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Complications of negative-pressure wound therapy 

Complications related to NPWT when used for DSWIs are most often minor, and they most often 

involve pain at the edges of the wound, which usually subsides shortly after initiation of the negative 

pressure. In-growth of granulation tissue into the foam can also cause light bleeding upon removal 

(Argenta & Morykwas, 1997). Other, mostly preventable, minor wound complications include pressure 

sores caused by mislaid evacuation tubes and erosion of the wound edges caused by the foam being 

laid out over the wound edge onto healthy skin (Braakenburg et al., 2006). Major bleeding is the most 

commonly reported and the only potentially fatal complication of NPWT; it can be seen when negative 

suction is introduced to the sponge or when the sponge dressings are changed. There is concern that 

rupture of the right ventricle is more likely when using NPWT than with other methods (Sartipy et al., 

2006) due to displacement of the heart towards the thoracic wall and possible contact of the right 

ventricle with the edge of the sternum (Malmsjo et al, 2009a). Other causes of major bleeding during 

NPWT have also been reported such as infectious erosion of the ascending aorta and loose sternal 

wires (Grauhan et al., 2010; Kiessling et al., 2011). However, the finding that the risk of major bleeding 

is higher following NPWT has not been consistently shown (Sjögren et al., 2011). 

Outcome of treatment 

Historically, mortality due to DSWI was 20–45% (Sarr et al., 1984) before more advanced surgical 

techniques were developed. Nowadays, the mortality is reported to range between 1% and 14% 

(Baillot et al., 2010; Sjögren et al., 2011). Patients treated for DSWI most often require lengthy 

hospitalizations, with numerous procedures required for resolution of the infection. It is well 

established that CABG increases the quality of life considerably postoperatively (Caine et al., 1991). 

However, patients who develop sternal wound infections do not have improved quality of life after 

surgery to the same degree (Jidéus et al., 2009). In addition, DSWI generally increases the total cost 

of care by 2.4 to 2.8 fold (Graf et al., 2010; Hollenbeak et al., 2000; Loop et al., 1990).  

Long-term outcome is also negatively affected by DSWI. In a study by Braxton et al. (2004), the 

reported hazard ratio for all-cause mortality 10 years after the primary operation in patients with DSWI 

who survived the first six months was 1.36–2.13. Furthermore, Sarr et al. (1984) showed that there is 

also an increased risk of late, chronic infections. 

Already established advantages of NPWT are both improved sternal stabilization and earlier 

mobilization of patients (Sjögren et al., 2006). However, it has been debated whether NPWT is indeed 

superior to older techniques for the treatment of DSWI. In two recent systematic reviews of 

randomized trials of NPWT for various acute or chronic wounds it was concluded that there was no 

evidence to support that NPWT was superior to CvT, and the authors called for randomized controlled 

trials (Ubbink et al., 2008a; Ubbink et al., 2008b).  Randomized trials comparing NPWT and CvT are 

still scarce (Gregor et al., 2008) and concerns about publication bias due to unpublished data have 

been raised (Peinemann et al., 2008). Most institutions prefer NPWT for the treatment of DSWI, 

however, and its use is widespread (De Feo et al., 2011; Schimmer et al., 2007). This may partly be 

explained by the fact that there is lack of evidence for other treatment methods.  

The overall cost of DSWI treatment is generally no higher when NPWT is used than for CvT. 

Mokhtari et al. (2008) showed that the total cost of treatment was similar to that for CvT. However, 

although the material cost is often greater using NPWT, it is less laborious, as the wound is only 

changed two or three times a week, resulting in similar total cost (Braakenburg et al., 2006). 

1.4.3 Sternocutaneous fistulas 

A fistula is defined as an abnormal passage or communication, usually between two internal organs, 

or leading from an organ to the surface of the body (Dorland, 2003). Fistulas may arise for various 

reasons, such as postoperatively after open heart surgery or other procedures (Johnson & Coleman, 
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1998). Other causes include chronic diseases such as Crohn’s disease (Poritz et al., 2004), trauma 
(Delancey & Berger, 2010), and radiation therapy (McLean et al., 2012)—or they can even be created 

deliberately, i.e. iatrogenically, such as fistula for hemodialysis (Brescia et al., 1966). Fistulas following 

open heart surgery have not received much attention, and most reports have been case studies, 

although one of the first cases was reported as early as 1968 (Deverall & Wooler, 1968). 

Incidence 

There is little information in the literature on the incidence of surgically treated SCF. In a report by 

Stoney et al. (1978), the rate of SCF after open heart surgery was shown to be 0.13%. Table 1.5 

shows case studies and case series on SCF reported between 1983 and 2011. The time to first 

intervention ranges from a few weeks up to months and even years, most often during the maturation 

stage of the wound. This complication adversely affects the patient’s quality of life, but more 

information on the risk factors and outcome of SCF is needed. 

Risk factors 

Previously, only a limited number of risk factors for SCF had been identified, including previous 

treatment for DSWI (Ottino et al., 1987; Pairolero et al., 1991; Peivandi et al., 2003; Sjögren et al., 

2005a), history of previous cardiac operations (Jones at al., 1997), and advanced age (Peivandi et al,. 

2003). Furthermore, bone wax has been shown to inhibit bone healing and to induce chronic 

inflammation in sternal wounds in a porcine animal model (Vestergaard et al, 2010); however, the 

development of SCF was not specifically addressed in that study. Bone wax has been shown to be 

associated with SSI in incisions other than sternotomy (Gibbs et al, 2004). Foreign objects could also 

play a role, but in a study of 50 cases of complicated sternal wound reconstructions using titanium 

plates, there was one case of SCF caused by MRSA (Cicioloni et al., 2005). However, although a 

number of factors may be associated with SCF, there has been a lack of case-control studies with 

evaluation of their independence and impact by multivariate analysis. 

Pathogens 

The bacteriology of infections associated with SCF is poorly understood. Of 10 SCF patients reported 

by Siegman-Igra et al. (1990), 7 had positive cultures without predominance of any one organism. In a 

sample of 10 SCF patients previously treated for DSWI, six had Pseudomonas aeruginosa identified 

and three had S. aureus (Ottino et al., 1987). Most reports are old, and they may not reflect the kinds 

of patients who undergo open heart surgery today. 

Treatment and outcome 

Treatment of SCF most often entails numerous surgical interventions and prolonged antibiotic 

treatment (Falagas & Rosmarakis, 2006; Herrera et al., 1983; Johnson et al., 1985; Pairolero et al., 

1991; Petrikkos et al., 2001; Vandecasteele et al., 2002). Empirical data on treatment modalities are 

mainly based on case reports. While in some cases infections associated with SCFs can be treated 

adequately with antibiotics alone (Pairolero et al., 1991; Petrikkos et al., 2001), the majority of patients 

require surgical treatment to eradicate the infection (Falagas & Rosmarakis, 2006; Herrera et al., 

1983; Johnson et al., 1985; Pairolero et al., 1991; Roggenkamp et al., 2004; Siegman-Igra et al., 

1990; Vandecasteele et al., 2002; Yuen et al., 1995). 

Conventional surgical treatment involves debridement, removal of infected wires, and primary 

closure. Traditionally, in long-standing SCF a radical excision of parts of the sternum may be needed 

to eradicate the underlying infection, followed by soft tissue flap surgery to fill up the sternal defect. 

However, SCF can become a recurrent problem despite combination of adequate antibiotic therapy 

with conventional surgical treatment (Falagas & Rosmarakis, 2006; Johnson et al., 1985; 

Roggenkamp et al., 2004; Yuen et al., 1995). 
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Generally, reports have shown a high recurrence rate of SCF, but there have been no large studies 

on the outcome of treatment. The studies included in Table 1.6 show that most patients with SCF have 

been treated over a period of months to years, with repeated surgical interventions and prolonged 

antibiotic therapy. Persistent SCF reduces the patient’s quality of life due to chronic leakage from the 

wound. No reports have been published on the effect of SCF on early or late mortality. 

 

Table 1.6  SCF cases or case series published between 1983 and 2011. 

Case Age / sex / operation 
(Time to intervention) 

Pathogen (-s) Antibiotic  
+ surgical treatment 

 

Herrera et al., 1983: Two cases treated with methylene blue sinography-assisted debridement. 
    

A 58 / M / 

Re-re-do CABG + 
ventricular 

aneurysmectomy 

(6 mo) 

- Information on antibiotic use missing. 

Surgical debridement performed x 3. 
At 18 months, a 4th debridement 
performed followed by pectoralis 
muscle flap. 

    

B 68 / F / MVR 

(27 mo) 

- Information on specific antibiotic use 
missing. 

Debridement at 27 mo, 7 and 8 years 
with omental flap surgery. 

 

 

Johnson et al., 1985: Two cases requiring total sternectomy followed by closure with bilateral pectoralis 
muscle flaps transposition. 

    

A 50 / M / CABG 

(3 weeks) 

P. aeruginosa and 

S. aureus 

Gentamicin and oxacillin given for an 
unspecified length of time. 

Debridement x 3 and open wound 
dressings until sternectomy at 8 mo. 

    

B 65 / M / CABG 

(3 mo) 

Pseudomonas species Initially, carbenicillin and conservative 
wound treatment. 

Then, debridement x 2 and 
intravenous antibiotics. Followed by 
acetic acid dressings for 6 mo, and a 
sternectomy at 13 mo. 
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Table 1.6  SCF cases or case series published between 1983 and 2011 (continued). 

Case Age / sex / operation 
(Time to intervention) 

Pathogen (-s) Treatment 

    
 

Petrikkos et al., 2001: Two cases caused by Candida spp treated with antifungal medication. 
    

A 75 / F / CABG 

(3 mo) 

C. albicans + C.krusei Oral itraconazole for 6 mo. 

    

B 59 / F / CABG 

(3 mo) 

C. albicans Intravenous Liposomal Amphotericin 
(total 18 g) followed by oral 
fluconazole for 6 mo. 

    

    

Vandecasteele et al., 2002: Nine cases of Aspergillus flavus sternal wound infection, of which four were 
described as SCF. 

    

A 75 / F / CABG 
(1 week) 

A. flavus Oral itraconazole 200 mg twice daily 
for 61 days at diagnosis, and 
repeated at 12 mo. 
Sternal wires removed at day 6. 
Recurrence treated with open wound 
dressings at 8 mo & 12 mo. 

    

B 69 / F / CABG 
(2 weeks) 

A. flavus Oral itraconazole 200 mg twice daily 
for 37 days at diagnosis and 61 days 
at a later treatment. 
First debridement at day 14. 
Recurrence treated with debridement, 
wire removal, and open wound 
dressings x 4. 

    

C 67 / M / CABG 
(1 mo) 

A. flavus Oral itraconazole 200 mg twice daily 
for 61 days. 
Removal of wires, debridement, and 
open wound dressings. 

    

D 76 / M / CABG 
(5 mo) 

A. flavus Oral itraconazole 200 mg twice daily 
for 87 days. 
Removal of wires, debridement, and 
primary closure of wound. 

    

    
 

Roggenkamp et al., 2004: A case of SCF caused by MRSA, treated with repeated surgical debridement 
over a period of more than two years. 

    

A 
 

75 / F / CABG 

(3 mo) 

MRSA A combination of vancomycin, 
rifampicin, and fosfomycin for 30 days 
was administered twice. 

Debridement x 4. After the 4th 
operation, a small-colony variant of 
MRSA was identified. 

    

 

Falagas & Rosmarakis, 2006: A case of SCF caused by multiple pathogens. 
    

A 55 / M / CABG 

(2 y) 

Enterococcus feacalis, 

P. aeruginosa & S. aureus 

Intravenous vancomycin 1 g twice 
daily, netilmycin 150 mg twice daily, 
and piperacillin-tazobactam 4.5 g 
every 6 h for 1 mo. 

Debridement including partial 
sternectomy, followed 2 weeks later 
by bilateral pectoralis muscle flaps. 
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1.5 Open heart surgery in Iceland 

The first open heart surgical procedure in Iceland was performed in June 1986, at Landspitali 

University Hospital, which is the only institution performing open heart surgery in Iceland. Since 1986, 

almost 6,000 open heart procedures have been performed at this hospital, i.e. around 200–250 open 

heart procedures annually (Helgadottir et al., 2012). The most common surgical procedures are 

isolated CABG performed either with the help of CPB or on a beating heart (i.e. OPCAB), CABG 

combined with AVR, or mitral valve repair (MVR) (Ingvarsdóttir et al., 2011; Sigurjonsson et al., 2012; 

Viktorsson et al., 2011). The number of mitral valve replacements has, however, decreased over the 

years (Ragnarsson et al., 2012). Other open heart procedures performed at Landspitali involve aortic 

and tricuspid valve repair, resections of thoracic aortic aneurysms, anti-arrhythmia procedures 

(MAZE), removal of cardiac tumours, and surgery for congenital heart defects (Gunnarsson et al., 

2009; Sigurjonsson et al., 2011). The most complex procedures for congenital heart defects and heart 

and lung transplants are, however, performed in larger institutions overseas, mostly in Lund or 

Gothenburg in Sweden. 

For the last five years, the outcome of open heart surgery in Iceland has been thoroughly studied, 

mostly involving patients who were operated between 2002 and 2006, and in some of the studies 

reaching back to 1986. The main focus has been on early and late complications; 30-day mortality and 

long-term survival have been investigated following CABG, AVR, and MVR procedures. Early 

complications such as postoperative atrial fibrillation, acute kidney injury, and stroke have been 

specifically investigated (Helgadottir et al., 2012). Furthermore, re-operations for bleeding have been 

studied, as well as the effects of preoperative statin use, obesity, and older age on both early and late 

outcome (Oddsson et al., 2012; Oddsson et al., 2011; Sigurdsson et al., 2012; Smarason et al., 2009). 

Investigation of surgical site infection is an important part of this project, and has involved both the 

evaluation of risk factors and outcome of treatment. Besides the four papers included in this thesis, our 

team at Landspitali has performed prospective studies on SSIs following open heart procedures. This 

involved both infections at the sternum and of the harvest site on the leg (Helga Hallgrimsdottir, 

unpublished data). The outcome of DSWI treatment after cardiac surgery has been studied to some 

extent in two other studies from Iceland. Johannsson et al. (1993) described 9 patients with 

dehiscence of the sternum out of 616 operated on between 1986 and 1991, most of them with DSWI 

that was managed with CvT. In the other study, Gudmundsdóttir described a high success rate of 

NPWT for all acute and chronic wounds, including DSWI, during one year in Iceland (Gudmundsdóttir, 

2011; Gudmundsdóttir et al., 2012). Since August 2005, all DSWI patients in Iceland have been 

treated with NPWT, which has also been used successfully for other types of thoracic wounds 

(Gudbjartsson et al., 2008). 
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2 Aims 

The specific aims of the four papers described in this thesis were: 

I. To study the incidence, microbiology, and risk factors for DSWI in Iceland and to evaluate the 

outcome of treatment, including length of stay and mortality. 

II. To evaluate the outcome of DSWI in Iceland before and after the introduction of NPWT, with 

respect to length of stay, early re-infection rate, late infection rate, and mortality. 

III. To calculate the incidence of SCF in a large cardiothoracic centre and to define risk factors 

for its development. In addition, to evaluate the clinical results of SCF therapy over a ten-

year period and to compare the long-term survival to that of a control group. 

IV. To study all surgically treated SCF cases in Iceland to establish a true population-based 

proportion, and at the same time to evaluate the outcome of surgical treatment. 
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3 Materials and methods 

All four papers in this thesis were epidemiological studies focusing on either DSWI or SCF using 

centralized computerized databases at both institutions. At Landspitali, patients were identified through 

a computerized diagnosis and operation registry that was checked for patients who underwent open 

heart surgery and were diagnosed with DSWI or SCF. In Lund University Hospital, prospectively 

collected data from a computerized database at the Department of Cardiothoracic Surgery was used. 

This database contained information on 12,297 patients who underwent open-heart surgery through a 

midline sternotomy between January 1999 and December 2008. Approval was granted for the studies 

described in Papers I, II, and IV by the Icelandic National Bioethics Committee and the Icelandic Data 

Protection Commission. The Ethics Committee for Clinical Research at Lund University, Sweden, 

approved the study described in Paper III. 

3.1 Study populations 

In Table 3.1 study populations of the four papers are shown. Papers I, II, and IV were nationwide 

cohort studies, including all patients diagnosed with DSWI or SCF after primary open heart surgery at 

Landspitali University Hospital. Landspitali is the single centre in Iceland where open heart surgery is 

performed and it serves the whole population. The average adult population (18 years or older) during 

the period 1997–2010 was 213,971, and the population ranged between 191,762 and 238,587 

(Statistical Office of Iceland, 2011).  

The study period in Paper I was between 1997 and 2004, and for Papers II and IV it was between 

2000 and 2010. The cases in Papers I and IV were identified retrospectively. In Paper II, cases treated 

before August 2005 were identified retrospectively and after the introduction of NPWT all cases were 

registered prospectively in a computerized database. An electronic search for the ICD-10 diagnosis 

codes of mediastinitis (J85.3) and complication following surgery (T81.4 and T81.9), and the 

NOMESCO operational codes for re-operation for either infection or bleeding and other operations 

following open heart surgery (FWW 96, FWC 00 and FWE 00) was performed from the hospital 

records (NOMESCO, 2010; WHO, 1990). The patients who served as controls in Paper I underwent 

primary operation during the same week and survived the operation, with one control being excluded 

due to intraoperative death. 

Paper III was conducted at Lund University Hospital in Lund, Sweden, the only cardiothoracic 

surgery unit in the region and a tertiary reference centre. The average total population in the Skåne 

region during the period 1999–2008 was 1,161,657, and the population ranged between 1,123,786 

and 1,214,758 (Statistical Office of Skåne, 2012). The departments’ database contains prospectively 
collected information on all patients who have undergone open heart surgery at that centre. The 

database was searched for the code “other re-interventions”, and then cases other than SCF were 

excluded. Paper III included consecutive surgically treated SCF cases between January 1999 and 

December 2008 out of 12,297 patients who underwent open heart surgery through a midline 

sternotomy at the hospital in Lund. All patients diagnosed with sternal wound infections were re-

admitted and treated there. A case-control study (1:4) was performed to identify risk factors for the 

development of SCF. Controls had undergone open heart surgery, through a midline sternotomy, 

within one week of the case and had survived for at least the first postoperative month. Two additional 

patients underwent emergent open heart surgery at centres in other parts of Sweden, but were 

electively referred to this centre for SCF treatment. They were not included in calculations of 

incidence, in risk factor analysis, or in survival analysis. 
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Table 3.1  Overview of Papers I–IV. 

 Paper I Paper II Paper III Paper IV 

Type of sternal 

wound infection 

DSWI DSWI SCF SCF 

Study design Nested case-

control study 

from a 

nationwide 

cohort 

Nationwide 

cohort study 

Nested case-

control  study 

+ case series 

Nationwide 

case series 

Institution Landspitali 

University 

Hospital 

Landspitali 

University 

Hospital 

Skåne 

University 

Hospital 

Landspitali 

University 

Hospital 

Number of 

cases 

41 43 30 (+2 referral 

patients) 

6 

Number of 

controls 

163 NA 120 NA 

Study period 1997–2004 2000–2010 1999–2008 2000–2010 

 

3.2 Definitions of sternal wound infection 

DSWI was defined according to the CDC definition as described earlier (see Chapter 1.4). 

Furthermore, the El Oakley and Wright classification (Table 1.2) was used to define the severity of 

DSWI.  

A case of SCF had to fulfil three criteria: i) that the patient had undergone open heart surgery 

through a midline sternotomy, ii) that there was a purulent draining sinus tract of the sternal wound, 

reaching from the sternum and/or the steel wires to the skin, and iii) that SCF was treated surgically 

following discharge from the hospital with a closed sternal wound. This definition was based on clinical 

experience and on availability of data. The day of diagnosis of SCF was defined as the day of first 

surgical intervention for SCF, and time to intervention was calculated from the date of sternal closure 

during primary heart surgery. 

3.3 Clinical variables 

In all papers, the patients’ charts were reviewed and data were entered into a computer spreadsheet. 

The following clinical variables were collected: 

Preoperatively: age, gender, indication of surgery, body mass index (BMI), history of smoking, 
left ventricle ejection fraction (EF), hypercholesterolemia, hypertension, diabetes mellitus (type 
1 and 2), history of cerebrovascular accident (CVA), COPD, peripheral arterial disease, 
coronary artery disease, redo heart surgery, NYHA function class, renal function, emergency of 
the procedure. 

Perioperatively: operation time (skin to skin), cross-clamp time, time on extracorporeal 
circulation (ECC), number of vein grafts, and types of arterial grafts used. The use of bone wax 
was only documented in Paper III. 

Postoperatively: number of blood transfusions (< 48 h), length of ventilator treatment, length of 
stay (LOS), EuroSCORE, in-hospital mortality, one-year survival (Papers I and II), and five-year 
survival (Paper III). 
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In addition, the following information was collected for patients treated for DSWI or SCF: type 
of infection, time from primary operation to infection, bacterial cultures, antibiotic treatment, 
surgical treatment, and outcome. 

3.4 Follow-up 

In Iceland, all patients who undergo open heart surgery are followed by the surgical team for up one 

week postoperatively, and every three months by their consultant cardiologist. In Lund, patients who 

underwent open heart surgery were usually followed up by cardiologists at their referring hospitals or 

at Skåne University Hospital. At both institutions, and in close collaboration with the cardiothoracic 

team, each case of either confirmed or suspected sternal wound infection that might have required 

surgical intervention was sent to the cardiothoracic centre. 

In Paper I, only crude one-year survival was registered. The last day of follow-up in Paper II was 31 

March 2010 and two patients were lost to follow-up (both were foreigners who underwent acute 

operations in Iceland). For the 43 patients, the total number of person-years, with up to one year of 

follow-up, was 39.3 (mean 0.9 years; standard deviation 0.2; range 0.2–1.0). In Paper III, the last day 

of follow-up was 31 December 2008, and no patients were lost to follow-up. For the 30 SCF cases and 

120 controls, the total number of patient-years was 593 (mean 4.0; standard deviation 2.5; range 0.3–
9.6). In Paper IV, patients were last followed up on 31 December 2010. 

3.5 Surgical treatment 

In all cases, patients with sternal wound infections were initially treated with intravenous antibiotics 

according to the results of culture and susceptibility test results, and surgical debridement of necrotic 

and infected tissue was performed, most often including removal of the sternal wires. Then, depending 

on the year of diagnosis, CvT or NPWT followed debridement. 

CvT was either open wound dressing treatment or closed irrigation. When using open wound 

dressing, the wound was packed with either paraffin or chlorhexidine gauzes. The dressings were 

changed twice daily until delayed primary closure could be achieved or the skin could be sutured 

together to bring the edges of the wound together. For closed irrigation, two to three chest tubes were 

placed both inferiorly and superiorly in the mediastinum and irrigated with 0.9% saline. The chest 

tubes were removed when the wound was no longer considered infected. 

When NPWT was performed after wound debridement, paraffin gauze dressing was placed at the 

bottom of the wound in order to protect the right ventricle, Then polyurethane foam was placed in the 

wound in two layers (V.A.C.® GranuFoam™; KCI Medical, San Antonio, TX). A negative pressure of 
125 mmHg was applied using the vacuum-assisted closure system (V.A.C.®; KCI Medical). After 2–4 

days, the wound was re-opened and the foam changed, in most cases for a total of three times. When 

the wound was granulated and without signs of infection, delayed primary closure was performed—or 

secondary closure when necessary. 

In Papers I and IV, all patients were treated with CvT. In Papers II and III, patients were treated 

with either CvT or NPWT as described. In a few cases, following extensive resection of the sternum, a 

soft tissue flap or a steel plate was used for reconstruction of the wound. 

3.6 Statistical methods 

For continuous variables, the mean ± standard deviation is given, unless otherwise specified. For 

categorical variables, the number is presented with percentage of the total number of patients. In all 

statistical analysis, a two-tailed p-value of < 0.05 was considered statistically significant. 
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3.6.1 Incidence 

In the four papers, incidence was considered to be normally distributed. In Papers I, II, and IV, 

incidence rate was calculated by dividing the number of identified cases by the total number of 

individuals who underwent open heart surgery during the same period. This gives an estimator of the 

population proportion, p (p hat). Confidence intervals (95% CIs) were calculated using the standard 

formula (Daniel, 2005): 

 

p ± z1-α/2 * √(( p * (1 - p)/n) 

 

where z1-α/2 is 1.96, n is the number of cases, and α = 0.05. The cohorts in Papers I, II, and IV 

represent total populations rather than samples from a population. Thus, it could be argued that the 

95% CI is redundant, since CI should indicate an interval within which the population mean should be 

derived from a sample mean (Curran-Everett, 2009). However, in order to enable comparison with 

other studies, the 95% CI was calculated where appropriate. 

In Paper III, a cumulative incidence rate of SCF was calculated using the Kaplan-Meier method 

(Kaplan & Meier, 1958). This was necessary in order to get an accurate estimate of the true incidence. 

The Kaplan-Meier method is a time-to-event analysis most often used for survival analysis. As 

opposed to calculating incidence rate, derived from the number of cases divided by the number of the 

study population, this method corrects for different follow-up times of subjects who may be lost to 

follow-up or who have died from causes not relevant to the study. Since many cases of SCF present 

months to years after primary operation, there is a risk of underestimating the true incidence because 

those who do not develop SCF might be lost to follow-up or die from other causes. Time to event was 

the number of days from primary operation to the first surgical intervention for SCF. In Paper IV, the 

crude rate was calculated instead of the cumulative incidence, due to the small number of cases in 

that group.  

In Paper I, the trend of incidence rate over time was estimated with Pearson’s correlation 
coefficient, r. If positive (r > 0) the annual incidence increases with time, and if negative (r < 0), the 

annual incidence decreases with time. If the p-value of r was less than 0.05, it was considered to be 

indicative of a significant time trend. 

3.6.2 Risk factor analysis 

In Papers I and III, a nested case-control (1:4) study design was used to identify risk factors for 

infection—that is, a DSWI or an SCF. In both papers, clinical variables were compared one at a time to 

identify factors associated with development of infection. For continuous variables, Student’s t-test 

was used for normally distributed variables; otherwise, the Mann-Whitney U test was used. As the size 

of groups was not expected to be large, a Z-test was not appropriate (Vittinghoff et al., 2005). In 

univariate analysis of risk factors, a two-tailed t-value was computed using a statistical program, as is 

customary. In the final analysis, continuous variables were converted to binary variables. For 

categorical (binary) variables, χ2-test was used when frequency was > 5 in both groups; otherwise 

Fisher’s exact test was used. This was necessary since χ2-test is not considered suitable for a low 

number of observations in one sample (population) unless the total size of the sample is large (Daniel, 

2005). 
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Variables that were found to be statistically significantly associated with (p < 0.05) or clinically 

relevant to the outcome (DSWI or SCF) were included in the multivariate analysis. An Allen-Cady 

Modified Backward Selection was applied to determine relevant risk factors in a multivariate model 

(Vittinghoff et al., 2005). First, a model was constructed with all independent variables contained in the 

logistic function formula (Kleinbaum & Klein, 2002): 

 

z = α + β1x1 + β2x2 + … + βkxk 

 

This formula describes the sum (z) of basic risk (α) and the values of risk factor (β) times the risk 
factor (x). All risk factors were converted to binary variables in the multivariate analysis. There was no 

limitation on the number of variables, but a sensible approach was used to construct a logical model. 

The desired estimation of odds ratio (OR) requires a further calculation of this formula to obtain a 

logistic model formula: 

 

f(z) = 1/(1 + e-(α + Σβixi)) 

 

This model gives the OR of each variable in relation to the outcome. Higher values of β for a given 
variable result in higher ORs. In a backward selection of variables, a variable was maintained in the 

model if it was positively associated with the outcome measure with a p-value of < 0.10. 

3.6.3 Survival analysis 

Five-year survival was evaluated in Paper III, first using the Kaplan-Meier method and then using Cox 

proportional hazard ratio. The Kaplan-Meier method gives a good graphical estimation of survival in 

one or more groups. Another graphical method used in Paper III was the annual risk of death over a 

given time period. The hazard ratio (HR) is obtained from the Cox proportional hazard model for 

variables that fulfil the proportional hazard assumption. For a hazard assumption to be true, the risk 

cannot be time-dependant (Vittinghoff et al., 2005); that is, the risk should not be exceedingly higher or 

lower in one group during a certain period of the study period. 

The hazard model is a multivariate model with predictors of death over a pre-specified time period. 

In Paper III, all models were justified for age and HR was calculated for SCF. When stratification for a 

given variable resulted in a group that did not have an event (death), the model could not be 

calculated since the risk would be either indefinitely low or high (Vittinghoff, et al., 2005). In Paper III, 

this applied to peripheral arterial disease—which could therefore not be included in the final model. 

The results from the hazard model are presented as HR with 95% CI. A variable with an HR value of 

less than one is regarded as protective while a variable with an HR value of > 1 indicates an increased 

risk for death. The statistical significance is found by evaluating both the CI, regarded as significant if it 

does not include the number 1, and the p-value, which is regarded as significant if it is less than 0.05. 

3.6.4 Statistical programs 

The R statistical package version 2.7.0 and the STATA statistical package version 10.1 were used for 

statistical calculations and construction of graphics. 
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4 Results 

4.1 Paper I 

Between 1997 and 2004, a total of 41 individuals were treated surgically for DSWI at Landspitali 

University Hospital. During the same time period, 1,650 open heart procedures were performed at 

Landspitali, giving a DSWI incidence of 2.5% (95% CI: 1.8–3.3), which did not change significantly 

during the period shown in Figure 4.1 (r = 0.10, p = 0.82). 

 

Figure 4.1 Annual incidence of DSWI in Iceland, 1997–2004. The dotted line shows the 
incidence for the whole study period (2.5%). 

The median time from the primary heart procedure to the first debridement of the infected surgical 

wound was 17 days (range: 5–360) and over 75% of the DSWI patients had their first surgical 

intervention within a month (Figure 4.2). 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2 Time from the primary open heart surgery to the first surgical treatment of DSWI in 
Iceland, 1997–2004. 

Table 4.1 shows the El Oakley and Wright classification of the 41 patients. Sixteen patients were 

treated within the first two weeks after the primary operation, and were classified as either type I or IIIA 
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(39%). In total, 21 patients (51%) were classified as type II or IIIB, and were first treated 2–6 weeks 

after the primary operation. Four patients (10%) were treated at 6 weeks or later (Type V). No patients 

were classified as type IV. 

 

Table 4.1 El Oakley and Wright classification of patients treated for DSWI in Iceland, 1997–
2004. 

Type DSWI 

n = 41 

 n % 

I 8 20 

II 11 27 

III A 8 20 

IIIB 10 24 

IV 0 0 

V 4 10 

 

Patients who developed DSWI (the DSWI group) were compared to controls who underwent surgery 

during the same time period (the control group). One patient in the control group was excluded due to 

early death after the primary operation that was not related to an infection. Patients in the DSWI group 

were significantly older (69 ± 9 years vs. 66 ± 11, p = 0.04). The groups were similar concerning 

indications for surgery and gender. Clinical variables that were more common in the DSWI group 

(statistically significant at the p < 0.05 level) are shown in Table 4.2. 

 

Table 4.2 Significant risk factors (univariate analysis) for DSWI in Iceland, 1997–2004. 

Variable DSWI group 
n = 41 

Control group 
n = 163 

p-value 

 n % n %  

History of smoking 34 83 100 61 < 0.01 

Obesity (BMI ≥ 30 kg/m2) 15 37 33 20 0.03 

Diabetes mellitus 11 27 22 13 < 0.01 

History of CVA 6 15 5 3 < 0.01 

Peripheral arterial disease 13 32 13 8 < 0.001 

Corticosteroid use 6 15 6 4 < 0.01 

COPD 4 10 5 3 < 0.01 

Ejection fraction ≤ 30% 14 34 28 17 0.02 

NYHA class IV 22 54 49 30 < 0.01 

EuroSCORE > 10 22 54 45 28 < 0.01 

Use of IMA 39 95 134 82 0.04 

Blood transfusion < 48 h 18 44 45 38 0.04 

Re-operation due to bleeding < 48 h 7 17 7 4 < 0.01 

Ventilator treatment > 24 h 17 41 36 22 0.01 

 

Using backward-stepwise logistic regression, the strongest predictors of DSWI were: peripheral 

arterial disease, previous CVA, low left ventricle EF, obesity, history of smoking, and re-exploration for 

bleeding (Table 4.3). 
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Table 4.3 Risk factors, adjusted for age (logistic regression), for DSWI in Iceland, 1997–2004. 

Risk factor OR 95% CI p-value 
Peripheral arterial disease 6.4 2.3–18.3 < 0.001 
Re-operation due to bleeding 4.5 1.2–16.9 0.02 
CVA 4.3 1.1–17.7 0.04 
Obesity (BMI ≥ 30 kg/m2) 3.0 1.2–7.8 0.02 
EF ≤ 30% 2.9 1.2–7.1 0.02 
History of smoking 2.9 1.1–8.3 0.04 

 

Pathogens were isolated in 38 out of 41 cases, with S. aureus (39%) and CoNS (24%) being the most 

common sole pathogens (Table 4.4). All cases of S. aureus were methicillin-sensitive. The most 

commonly used intravenous antibiotic was cloxacillin (51%), followed by vancomycin (32%), and 

intravenous antibiotics were administered for an average of 28 days after surgical treatment. 

 

Table 4.4 Pathogens of DSWI in Iceland, 1997–2004. 

Pathogen Cases 
 n % 

S. aureus 17 41 
   Sole pathogen 15 37 
   Concomitant infection 2 5 
CoNS 15 37 
   Sole pathogen 13 32 
   Concomitant infection 2 5 
Other pathogens 6 15 
No pathogen identified 3 7 

 

Patients with DSWI had significantly longer in-hospital stay than controls (mean 47 ± 25 vs. 13 ± 11 

days, p = < 0.001) and worse 1-year survival (17 vs. 6%, p = 0.02). The difference in in-hospital 

mortality was not statistically significant (Table 4.5). 

 

Table 4.5 Length of stay and mortality in DSWI patients and controls who underwent open 
heart surgery in Iceland, 1997-2004. 

Variable DSWI group 
n = 41 

Control group 
n = 163 

p-value 

Length of stay in days, median (range) 43 (17–134) 10 (2–96) < 0.001 
In-hospital mortality, n (%) 4 (10%) 7 (4%) 0.17 
One-year mortality, n (%) 7 (17%) 10 (6%) 0.02 

4.2 Paper II 

Between 2000 and 2010, 43 patients were treated for DSWI at Landspitali, giving an incidence of 

1.8% during the study period (95% CI: 1.2–2.3). About half of them (23 patients) were treated with CvT 

and 20 were treated with NPWT. Peripheral arterial disease was more common in the CvT group (p = 

0.02), while age, gender, the indication for surgery, and other clinical variables (including CVA) were 

not significantly different between groups (Table 4.6). 
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Table 4.6 Characteristics of DSWI patients treated with CvT or NPWT in Iceland, 2000–2010. 

Variable CvT 
n = 23 

NPWT 
n = 20 

p-value 

 n % n %  
Obesity (BMI ≥ 30 kg/m2) 8 35 9 45 0.71 
Current smoker 10 43 9 45 0.84 
Diabetes mellitus 11 48 9 45 0.90 
Peripheral arterial disease 8 35 1 5 0.02 
CVA 8 35 2 10 0.06 
Renal failure 2 10 2 9 1 
EF ≤ 30% 2 9 5 25 0.22 
EuroSCORE ≥ 10 7 30 5 25 0.69 

 

In the NPWT group, a total of 11 patients (55%) were classified as type I or IIIA according to the El 

Oakley and Wright classification (treatment within 2 weeks from primary operation) as compared to 7 

(30%) in the CvT group (Table 4.7); however, the difference was not statistically significant. 

 

Table 4.7 El Oakley and Wright classification of DSWI patients according to treatment group in 
Iceland, 2000–2010. 

Type CvT 

n = 23 

NPWT 

n = 20 

p-value 

 n % n %  

I 2 9 4 20 0.53 

II 5 22 0 0 0.07 

IIIA 5 22 7 35 0.53 

IIIB 8 35 8 40 0.72 

IV 0 0 0 0 NA 

V 3 13 1 5 0.72 

 

As shown in Table 4.8, the most common pathogen in the CvT group was S. aureus (43%, as 

compared to 20% in the NPWT group) (p = 0.11). The most common pathogen in the NPWT group 

was CoNS (70%, as compared to 30% in the CvT group) (p = 0.01). 

 

Table 4.8 Pathogens identified as the primary cause of DSWI, by treatment group, in Iceland, 
2000–2010. 

Pathogen CvT 
n = 23 

NPWT 
n = 20 

p-value 

 n % n %  

S. aureus 10 43 4 20 0.11 

   Concomitant infection 1 4 0 0 NA 

CoNS 7 30 14 70 0.01 

   Concomitant infection 0 0 1 5 NA 

Other 5 22 1 5 0.19 

 

LOS was not significantly different between the CvT group (mean 48 days ± 23, median 43, 

interquartile range: 32–60) and the NPWT group (mean 47 days ± 17, median 43, interquartile range: 

34–60) (p = 0.84). The same was true for stay in intensive care unit (ICU) (mean 4.3 days ± 7.4, 

median 1, interquartile range: 0–5 in the CvT group and mean 3.7 days ± 7.6, median 1, interquartile 

range: 0–4 in the NPWT group; p = 0.81). 
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As shown in Table 4.9, early re-infection was diagnosed in 9 patients (21%): 8 (35%) in the CvT 

group and 1 (5%) in the NPWT group (p = 0.02). One patient in the CvT group died during treatment, 

whereas none died in the NPWT group. Late chronic sternal wound infections requiring surgical 

treatment developed in one patient in the NPWT group and in six patients in the CvT group (including 

three patients who had been treated for early re-infection), but the difference was not statistically 

significant. The same was true for 1-year survival in the two groups. 

 

Table 4.9 Outcome of treatment for DSWI in Iceland, comparing NPWT and CvT. 

Variable CvT 
n = 23 

NPWT 
n = 20 

p-value 

 n % n %  

Early outcome      

   Deep re-infection 8 35 1 5 0.02 

   In-hospital mortality 1 4 0 0 1 

Late outcome      

   Late infection 6 27 1 5 0.07 

   One-year mortality 4 17 0 0 0.07 

 

The time from the primary operation to surgical treatment for re-infection was 47 ± 41 days (median 

35; interquartile range: 24–48). In the CvT group, five patients had originally been treated with closed 

irrigation and three had been treated with open wound dressing (Table 4.10). The only patient with 

recurrent DSWI in the NPWT group was found to have a Pseudomonas aeruginosa infection, which 

was cultured from both the wound and the sponge. NPWT treatment was discontinued and acetic acid 

wound dressing used successfully, which made delayed primary closure of the sternum possible 

without tissue flap surgery. 

There were three intraoperative complications. In the NPWT group, a bleeding from the heart that 

was not life-threatening occurred in two cases; no complete rupture of the right ventricle occurred. In 

both cases, direct suture with patch was performed without any need for cardiopulmonary bypass. In 

the CvT group, one patient with a recurrent DSWI had a rupture of the right ventricle when the sternal 

wound was re-opened, which resulted in fatal intraoperative bleeding. 
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Table 4.10 Clinical data on 9 patients with re-infection following first surgical intervention for 
DSWI in Iceland, 2000–2010. 

Case Age / Sex / 

Operation 

Pathogen POD Risk factors Surgical 
treatment 

for re-
DSWI 

Outcome 

 

CvT group - Closed irrigation (cases no. 1–5) or open wound dressings (cases no. 6–8) 

1 57 / M / 

CABG 

S. aureus 19 DM I, 
obesity, 

transplanted 
kidney 

Closed 
irrigation 

Primary 
closure 

2 64 / M / 

CABG 

S. aureus, 

Enterococcus 
faecalis, 

Klebsiella 
pneumoniae, 

Haemophilus 
influenzae 

23 - Open 
wound 

dressing 
for 26 

days in 
ICU 

Omental flap 
closure 

3 84 / M / 

CABG 

+AVR 

CoNS 24 - Closed 
irrigation 

Primary 
closure 

4 70 / M / 

CABG 

+AVR 

S. aureus 31 Peripheral 
arterial 

disease, 
smoking 

Open 
dressing 
changes 

Secondary 
closure 

5 58 / M / 

CABG 

S. aureus 48 Smoking Closed 
irrigation 

Primary 
closure + 
steel plate 

6 58 / M / 

CABG 

+AVR 

CoNS 39 COPD, DM I, 
peripheral 

arterial 
disease, 

renal failure 

Closed 
irrigation 

Primary 
closure 

7 64 / M / 

CABG 

S. aureus 49 DM II Open 
dressing 
changes 

Primary 
closure 

8 72 / F / 

CABG 

S. aureus 153 Peripheral 
arterial 
disease 

- Death due to 
rupture of 

right 
ventricle 

 

NPWT group 

9 54 / F / 

CABG 

CoNS, 

P. aeruginosa 

35 DM II, 
obesity 

NPWT for 
3 weeks 
followed 
by acetic 

acid 
wound 

dressings 

Primary 
closure 
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4.3 Paper III 

In total, 30 SCF cases were identified during the 10-year study period out of the 12,297 patients who 

had undergone primary open heart surgery at Skåne University Hospital. In addition, two patients were 

included who had undergone primary open heart surgery at other Swedish centres and who were 

referred and treated for SCF in Lund. The one-year cumulative incidence was 0.22% (95% CI: 0.15–
0.32) and the crude SCF rate was 0.24% (95% CI: 0.17–0.34) (Table 4.11). Median time to first 

intervention was 5.1 months (mean 7.5 ± 7.0, range: 1.6–39) for all 32 SCF cases treated. 

 

Table 4.11 Time from the primary operation to first surgical intervention for SCF at Skåne 
University Hospital, Lund, 1999–2008. 

Months Cumulative incidence (%) 95% CI 

0–3 0.06 0.003–0.12 

3–6 0.13 0.08–0.22 

6–9 0.18 0.12–0.27 

9–12 0.22 0.15–0.32 

> 12 0.26 0.18–0.37 

 

The SCF group was similar to the control group with respect to age, sex, and indication for surgery. 

However, history of smoking, renal failure (both pre- and postoperatively) and intraoperative use of 

bone wax for haemostasis were more common in SCF patients (Table 4.12). Furthermore, re-

exploration of the sternotomy wound was more prevalent in the SCF group, most frequently due to 

either an early sternal wound infection or bleeding. 

 

Table 4.12 Significant risk factors (univariate analysis) for SCF in Skåne University Hospital, 
Lund, 1999–2008. 

Variable SCF group 
n = 30 

Control group 
n = 120 

p-value 

 n % n %  

History of smoking 10 33 13 11 < 0.01 

History of CVA 6 20 4 3 0.02 

Use of bone wax 23 77 62 52 0.02 

Re-exploration during hospital stay 6 20 6 5 0.02 

Renal failure during hospital stay 5 17 3 3 < 0.01 

Early sternal wound infection 9 30 2 2 < 0.001 

 

Figure 4.3 shows a multivariate regression model where stepwise backward selection was used to 

identify independent risk factors for SCF. Several risk factors were significantly related to SCF: sternal 

wound infection, either superficial or deep (OR = 15.7; 95% CI: 3.3–116.4), renal failure, either pre- or 

postoperatively (OR = 12.5; 95% CI: 3.5–50.4), history of smoking (OR = 4.7; 95% CI: 1.4–15.8), and 

the use of bone wax (OR = 4.2; 95% CI: 1.4–15.4). 

 

 

 

 

 

 



  

34 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3 A forest plot of risk factors (logistic regression) for development of SCF. The 
vertical line represents an odds ratio of 1. OR with 95% CI. 

At five-year follow-up, 9 of 30 patients treated for SCF had died, as compared to 10 out of 120 in the 

control group (Figure 4.4). Seven deaths occurred among those treated for SCF, which were not 

directly related to treatment of SCF, and two deaths occurred from aggravated renal failure that was 

thought to be related to the vancomycin therapy administered for SCF. One year postoperatively, 

overall survival was 93% ± 4% in the SCF group and 100% in the control group. Survival at five years 

was 58% ± 1% in the SCF group and 85% ± 4% in the control group (p < 0.01) (Figure 4.4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4 Five-year overall survival after open heart surgery in patients who developed an SCF 
(dotted line) and controls (solid line) at Skåne University Hospital, Lund, 1999–2008. 
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Figure 4.5 shows the annual hazard estimate of all-cause mortality. Risk of death was raised during 

the whole study period, but collinear curves indicated that the model fulfilled the hazard assumption. 

The HR for death five years after primary operation remained statistically significantly higher after 

adjustment for known risk factors of death, such as age, history of CVA, renal failure, smoking, and 

ischemic heart disease. Gender and BMI were not found to be associated with increased risk of death. 

Cox proportional hazards ratio, adjusted for age, was 5.4 for SCF cases (95% CI: 2.1–13.7; p < 

0.001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5 Hazards estimate of all-cause mortality after open heart surgery comparing patients 
who developed an SCF (dotted line) and controls (solid line) at Skåne University 
Hospital, Lund, 1999–2008. 

Pathogens identified at the first or later interventions were most often cultured from sternotomy tissue 

(n = 17). In 12 patients, pathogens were identified from positive swabs but they had negative 

sternotomy tissue culture. SCF was related to infection with a staphylococcal species in 27 of 32 

cases (84%) (Table 4.13). Two strains of CoNS were multi-resistant to antibiotics; however, no cases 

of MRSA were identified. No pathogen was identified in three cases during first treatment intervention, 

but in two cases a pathogen was identified during subsequent interventions. 

 

Table 4.13 Pathogens that caused SCF during the first or any surgical intervention at Skåne 
University Hospital, Lund, 1999–2008. 

Pathogen On first admission 
n = 32 

At any intervention 
n = 32 

 n % n % 
CoNS 21 66 20 63 

S. aureus 7 22 6 19 

CoNS + Candida albicans - - 1 3 

CoNS + Enterococcus faecalis - - 1 3 

Candida albicans - - 1 3 

Propionibacterium acnes 1 3 1 3 

CoNS + S. aureus + C. albicans - - 1 3 

None identified 3 9 1 3 

 

When comparing SCF cases with (n = 9) and without (n = 23) a previous history of early sternal wound 

infection, there were no statistically significant differences in time to first surgical intervention (mean 
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6.1 months ± 4.2 vs. 6.9 ± 4.6; p = 0.69), highest pre-intervention C-reactive protein level (mean 25 

mg/L ± 19 vs. 43 ± 72; p = 0.51), or white blood cell count (mean 7.6 cells × 109/L ± 2.0 vs. 9.7 ± 5.0; p 

= 0.30). 

In the SCF group, the mean number of in-hospital days related to treatment was 29 ± 34 (median 

16, range: 0–162). The majority of SCF patients (n = 20) required only one re-admission with wound 

revision (Figure 4.6), six patients required two re-admissions, three had three re-admissions, and one 

patient had a total of six re-admissions after the primary operation. Two patients died during the 

treatment for SCF. Duration of the first treatment with NPWT had a mean duration of 17 ± 13 days 

(median 12, range: 3–44). The second treatment with NPWT had a mean duration of 18 ± 12 days 

(median 15, range: 4–34). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6 Flow chart of treatment outcome for SCF at Skåne University Hospital, Lund, 1999–
2008. 

4.4 Paper IV 

In total, six patients were diagnosed and treated surgically for SCF at Landspitali during the period 

2000–2011. The incidence rate of SCF was 0.25% (95% CI: 0.11–0.53). In addition, a seventh patient 

was admitted for SCF treatment and was treated successfully with antibiotics (8 days of intravenous 

ciprofloxacin followed by 8 months of ciprofloxacin and minocycline orally). 

All six patients who required surgical treatment for SCF were males between 57 and 83 years of 

age (mean age 71 ± 9 years). All of them had undergone CABG, with a concurrent AVR performed in 

one. Patient demographics, causative factors, and outcome of treatment are listed in Table 4.13. Five 

of the six patients had had a preceding sterile dehiscence and/or DSWI, which was treated surgically. 

Median time from the primary procedure to treatment of SCF was 5 months (range: 1–12 months). 

Average in-hospital stay due to treatment for SCF was 19 days ± 19 (median 14.5, range: 0–50). 

One or more pathogens were identified in all cases of SCF. CoNS were the only pathogen in two 

cases, S. aureus in two, and a concurrent infection with both pathogens was found in one patient. One 

patient who was originally diagnosed with SCF associated with S. aureus later developed a 

superinfection with P. aeruginosa. There was one case of SCF associated with C. albicans, but MRSA 

was not detected in any of the cases. 

All six patients were treated with antibiotics according to the results of bacterial culture and 

antibiotic susceptibility testing, in combination with surgical revision. One patient underwent a minor 

wound revision without sternal wire removal, and two other patients needed one or two further 

debridements. Three patients needed multiple debridements over several months. One of these three 
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patients developed P. aeruginosis infection, which was treated with ciprofloxacin for six months. 

Another patient was immunocompromised following a kidney transplant. He developed a persistent 

infection that required numerous debridements, but the infection was still unresolved five years later. 

 

Table 4.14 Patients treated surgically for SCF in Iceland, 2000–2010.  

No Age / Sex / 

Operation / 

Risk factors 

Early wound 
complications 

Pathogen 
(months to first 

intervention) 

Surgical treatment 
(months to final 

closure) 

LOS 

1 68 / M / 

Re-CABG / 

Peripheral 
arterial 
disease 

- S. aureus 

(0.8) 

Debridement x 1 

(1) 

11 

2 68 / M / 

CABG / 

DM II, COPD 

Sterile 
dehiscence 
followed by 

DSWI 

CoNS 

(3.3) 

Debridement × 2 

(5) 

0 

3 83 / M / 

CABG 

+ AVR / 

- 

Sterile 
dehiscence 
followed by 

DSWI 

CoNS + 

S. aureus 

(4.7) 

Debridement × 4 

(21) 

50 

4 73 / M / 

CABG / 

- 

ICU stay for 7 
days with open 
sternum due to 

tamponade 

C. albicans 

(6.0) 

Debridement × 2 

(8) 

4 

5 75 / M / 

CABG / 

Peripheral 
arterial 
disease, 

COPD, 

Smoking 

Sterile 
dehiscence 
followed by 

DSWI 

S. aureus + 

P. aeruginosa  

(8.1) 

Debridement × 5 

(12) 

18 

6 57 / M / 

CABG / 

DMI, 

Peripheral 
arterial 
disease, 

Kidney  
transplant 

DSWI CoNS 

(11.9) 

Debridement >10 during 
a five-year period  

Wound not closed 
successfully 

32 
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5 Discussion 

5.1 Deep sternal wound infection in Iceland 

In Paper I, the annual incidence varied between 1.2 and 4% (Figure 4.1) and the incidence for the 
study period was 2.5%. The incidence of DSWI reported in the literature varies widely according to 
what definitions are used. Despite the existing guidelines on the definition of DSWI (Horan et al., 
2008), many studies have used different time scales, which explains some of the variation. In a 
nationwide study from Norway, as many as 95% of the sternal wound infections were diagnosed after 
discharge from hospital (Berg et al., 2011). Since there were no restrictions on the time to diagnosis in 
Paper I, virtually all cases of DSWI should have been included. This is further supported by the fact 
that Paper I was a nationwide study, and complete registries with practically complete follow-up were 
used to find the patients. The rate of 2.5% in Paper I is somewhat higher than in a previous study from 
Iceland from the period 1986–1991, where it was 1.5% (Johansson et al., 1993). In that study, 
however, the mean age of the patients was 10 years less and their coronary artery disease was not as 
advanced as in the present study. 

In Paper I, the highest risk was in patients who were obese, had low EF, had a history of peripheral 
arterial disease, CVA and/or smoking, and who had undergone re-exploration due to bleeding. Direct 
comparison of clinical variables (univariate analysis) showed 14 of them to be more common in the 
DSWI group (Table 4.2), including six who turned out to be statistically significant by multivariate 
analysis (Table 4.3). Most of these are well-established risk factors for DSWI: peripheral arterial 
disease, obesity, low EF, smoking and re-operation for bleeding (see Chapter 1.3.1). Surprisingly, 
diabetes mellitus did not turn out to be significant in the multivariate analysis, which could possibly be 
explained by the strong correlation between obesity and diabetes mellitus. The preoperative factors 
CVA, peripheral arterial disease, and smoking are both causes and manifestations of atherosclerosis, 
and they could therefore explain reduced microcirculation to the sternum. Although peripheral arterial 
disease and smoking have been strong predictors of DSWI in other studies, CVA is not as frequently 
reported as a risk factor (Fowler et al., 2005; Ridderstolpe et al., 2001). In Paper I, too few cases of 
bilateral use of internal mammary arteries (IMAs) were identified to be able to make a comparison, but 
this method has been identified as an independent risk factor for DSWI in several large studies 
(Ridderstolpe et al., 2001; Stahle et al., 1997; Zacharias & Habib, 1996). The indication or urgency of 
the primary surgery did not prove to be associated with the development of DSWI in Paper I. The 
strongest operative factor was re-exploration for bleeding, which has also been shown in other studies 
to be a significant predictor of infection (Biancari et al., 2012). The length of operation is often 
associated with risk of surgical site infection, but this was not the case in Paper I. Furthermore, blood 
transfusions were more common in the DSWI group. A study by Banbury et al. (2006) suggested that 
transfusions are independently associated with DSWI, while a study by Ali et al. (2004) did not support 
this. After correction for re-exploration for bleeding, blood transfusion did not prove to be an 
independent risk factor for DSWI in Paper I. 

The most commonly identified pathogens in Paper I were S. aureus and CoNS, in over 70% of 
cases, which is similar to the findings in other studies. An important aspect of the microbiology of 
DSWI in Iceland is that none of the infections with S. aureus are methicillin-resistant, but in other 
studies MRSA has been shown to be associated with increased mortality (Karra et al., 2006). 

Patients with DSWI had a prolonged hospital stay and higher mortality one year postoperatively, 
compared to the control group. DSWI patients had more co-morbid disease, which may partly explain 
the lower one-year survival. The in-hospital mortality was not statistically significantly elevated in 
Paper I, while many studies have reported increased in-hospital mortality following DSWI (Toumpoulis 
et al., 2005); this could be explained by the small number of patients in Paper I. In-hospital stay was 
significantly longer in DSWI, as has been shown in other studies (Graf et al., 2010). 
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5.2 Treatment of deep sternal wound infection 

As shown in Paper II, the rate of surgical re-intervention for DSWI was significantly lower in Iceland 

after the introduction of NPWT as a first-line treatment to DSWI. The rate of early re-infections in the 

CvT group (35%) and in the NPWT group (5%) correspond well with other reports of comparison of 

NPWT and CvT, most of them showing around 25% lower absolute risk of re-infection after NPWT 

(Assmann et al., 2011; De Feo et al., 2010; Petzina et al., 2010; Sjögren et al., 2005a). Figure 5.1 

shows a pooled analysis of the results from Paper II together with four other studies. The odds ratio for 

re-infection was 0.14 (95% CI: 0.08–0.25) after treatment with NPWT, compared to an older cohort 

treated with CvT. In this context, it is important to remember that conventional DSWI treatments were 

developed when the operations did not usually include harvesting of the left IMA. This can cause a 

temporary and partial devascularization of the left hemisternum, making the sternal wound more 

susceptible to infection (Petzina et al., 2006). In the present cohort, over three-quarters of patients 

underwent surgical revascularization with the left IMA; many of them had underlying diabetes mellitus 

and obesity in addition to high age. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1 A pooled analysis of five studies comparing the risk of re-infection following 
introduction of NPWT to CvT as primary treatment for DSWI. 

Not all studies have shown a lower rate of surgical re-intervention following NPWT for DSWI 

(Domkowski et al., 2003). Bapat et al. (2008) reported that patients treated with long-term NPWT had 

a higher risk of recurrence than those with delayed primary closure. In both of these studies, NPWT 

was used as the only treatment to assist in closure of the wound by secondary intention, and primary 

closure of the wound was never performed. One of the major strengths of NPWT is the facilitation of 

delayed primary closure, as the sternum and adjacent tissue are well preserved. Other authors have 

confirmed this, and the use of NPWT to achieve secondary closure should therefore be avoided. 

Although peripheral arterial disease was more common in the CvT group, increased risk of early re-

infection could not be explained by peripheral arterial disease in a multivariate regression analysis. 

The same was true when correcting for the higher proportion of CoNS in the NPWT group, which is 

important since these pathogens may not be as aggressive as S. aureus in this setting. Furthermore, 

the rate of MRSA infections has remained extremely low in Iceland compared to Western Europe and 

the USA (Holzknecht et al., 2010). 

It has been argued that NPWT is associated with late sternal wound infections (Bapat et al., 2008). 

This was not supported by findings in Paper II. However, the mean follow-up time in the NPWT group 

Study         OR (95% CI) 
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was shorter than in the CvT group, and this could theoretically have led to underestimation of the rate 

of late infections in the NPWT group. Importantly, a study by Sjögren et al. (2005a) showed that the 

rate of SCF was not statistically significantly higher in NPWT patients than in CvT patients.  

The introduction of NPWT did not affect LOS or the length of stay in ICU in Paper II. Reduction in 

LOS of more than a week after the introduction of NPWT has been observed in several studies 

(Assmann et al., 2011; De Feo et al., 2010; Fuchs et al., 2005; Petzina et al., 2010) involving large 

cohorts of patients (225 patients treated with NPWT and 184 with CvT). However, other studies have 

shown unchanged LOS (Immer et al., 2005; Sjögren et al., 2005a), with comparison of a total of 99 

patients treated with NPWT and 57 with CvT in these two studies. A possible explanation for the non-

significant difference observed in Iceland could be that when introducing a new therapy system such 

as NPWT, the surgeon responsible keeps the patient in the department for a somewhat longer time 

until the new treatment algorithm has been proven to be safe, and is fully established. This learning 

curve effect when introducing NPWT for DSWI has been described previously (Sjögren et al., 2008). 

In-hospital mortality was low in both groups. In most studies, a substantial decrease in in-hospital 

DSWI mortality has been shown after the introduction of NPWT (Assmann et al., 2011; Baillot et al., 

2010; Fuchs et al., 2005; Immer et al., 2005; Petzina et al., 2010; Sjogren et al., 2005a), with early 

mortality most often ranging from 1% to 5%. In Figure 5.2, a pooled analysis of 7 studies, including 

Paper II, shows that the introduction of NPWT as a treatment for DSWI is strongly associated with a 

reduction in early mortality (OR = 0.34, 95% CI: 0.22–9.52) compared to CvT. Together, these studies 

included 430 patients who were treated with NPWT, 24 (5.6%) of whom died compared to 64 of 376 

(17.0%) treated with CvT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2  Pooled analysis of 7 studies comparing in-hospital mortality following the 
introduction of NPWT to CvT as primary treatment for DSWI. 

Several recent reports have shown that NPWT is associated with low DSWI mortality, both early and 

late. In a recent study involving 176 consecutive patients treated with NPWT, the 30-day mortality 

following DSWI was only 1.1%—or two deaths in 176 patients (Sjögren et al., 2011). Furthermore, in a 

previous study from the same institution, it was suggested that NPWT is associated with long-term 

mortality similar to uninfected patients (Sjögren et al., 2005b). However, there are alternative possible 

explanations for this reduced early mortality after treatment for DSWI—most notably, improved ICU 

care and antimicrobial therapy. 

Study         OR (95% CI) 
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5.3 Sternocutaneous fistulas 

In Papers III and IV, it was shown that SCF is a rare, albeit serious infectious complication of open 

heart surgery. The cumulative incidence of SCF in patients who underwent open heart surgery at 

Skåne University Hospital, Lund, between 1999 and 2008 was 0.26% and in Iceland the rate was 

similar—0.25%—between 2000 and 2010. Although there have been few published studies with the 

incidence of SCF as a primary outcome, the results are similar to those in a report by Stoney et al. 

(1974). The lack of data on SCF may reflect that this complication remains poorly studied, even 

though it can be a severe and a life-long concern for the suffering patient. Another problem related to 

SCF is the heterogeneous terminology used to describe the problem and its origins. Terms such as 

draining sinus, chronic sinus, chronic sternal osteomyelitis, delayed septic costochondritis, and 

recurrent sternal infection have all been used to describe SCF (Johnson et al., 1985; Pairolero et al., 

1991; Petrikkos et al., 2001; Siegman-Igra et al., 1990; Stoney et al., 1978; Yuen et al., 1995). 

In Paper III, the strongest independent risk factors for SCF were renal failure, previous sternal 

wound infection, the use of bone wax during surgery, and a history of smoking. Jones et al. (1997) 

found that redo-operations may be associated with recurrent infections after DSWI, but in Paper III, 

redo-surgery was not statistically significantly associated with the development of SCF. Peivandi et al. 

(2003) previously demonstrated that advanced age was associated with the development of fistulas, 

which was not supported by the findings in Paper III. Furthermore, previously identified risk factors for 

DSWI such as diabetes mellitus, gender, the use of internal mammary artery, or COPD did not turn out 

to be independent risk factors for the development of late SCF. The reasons for these discrepancies 

are not known. However, in other studies, smoking has been well established as a risk factor for 

wound infections (Sørensen, 2012) and the use of bone wax has been shown to be associated with 

surgical site infections at surgical sites other than the sternum (Gibbs et al., 2004; Wolvius & van der 

Wal, 2003). 

It can be debated whether previous DSWI is a causative risk factor directly related to the 

development of SCF, or whether it is more indirectly related as a composite risk factor. An argument 

supporting the latter is that in Paper III, there was no difference in the clinical presentation of SCF in 

patients with previously treated sternal wound infections (Chapter 4.3) in terms of time to surgical 

intervention, peak CRP-levels, or white blood cell count. Furthermore, the results of Paper III may 

indicate that SCF arises de novo as a foreign-body reaction in patients who are prone to infections, by 

analogy with known foreign-body infections such as prosthetic valve endocarditis and artificial joint 

infections. Previous reports have suggested that SCF arises from inadequate debridement following 

sternal wound infection (Pairolero et al., 1991; Yuen et al., 1995). However, Paper III supports the 

theory that SCFs are not related to previous sternal wound infections per se, but rather that patients 

who develop late SCFs have similar risk factor profiles. The most common pathogen in SCF was 

CoNS. This strengthens the hypothesis that SCF is a foreign-body implant infection originating from 

the steel wires. Several publications have established that CoNS adheres to foreign material and 

forms a biofilm, leading to a low-virulence infection with slow onset (Darouiche, 2004; Schierholz & 

Beuth, 2001). The host immune mechanisms can usually eradicate such infections, but in some 

patients, especially those who are immunocompromised and have renal failure, these responses may 

be inefficient, leading to persistent infections (Schierholz & Beuth, 2001). Furthermore, bone wax 

could be regarded as a foreign body, representing a possible source of low-virulence pathogens, 

which might explain the finding that the use of bone wax during cardiac surgery is associated with 

SCF. Sudmann et al. (2006) showed that out of 18 autopsy cases that had undergone open heart 

surgery, 17 had evidence of chronic inflammation—even up to 10 years after the primary surgery.  In a 

rat model, the presence of bone wax in a sternotomy wound reduced the quantity of S. aureus needed 

to instigate an infection (Nelson et al., 1990), and in rabbits it has been shown that bone wax impedes 

the union of sternal halves compared to a polymer (Wellisz et al., 2008). 
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Long-term survival of SCF patients was worse than in a control group (Figures 4.5 and 4.6). Paper 

III is the first paper to report this finding, and comparison with published literature is therefore not 

possible. However, the findings in Paper III are analogous to previous findings of poor prognosis after 

treatment for DSWI, even after adjusting for potential confounders (Sjögren et al., 2005b). Two of the 

32 SCF patients (6%) died of renal failure during treatment of their SCF. Both of these patients had 

renal failure diagnosed prior to surgical intervention for SCF, but this condition was aggravated after 

treatment with intravenous vancomycin. This is a clinical dilemma in SCF patients, since CoNS is 

common and it is often only susceptible to vancomycin. This may call for improved monitoring during 

treatment in this subgroup, and an active approach with early surgical intervention. 

Many SCF patients required several surgical revisions, and all of them underwent prolonged 

antibiotic treatment (Figure 4.8 and Table 4.14). In Paper III, several SCF patients were treated 

successfully with NPWT, either as an adjunct to CvT or alone. A few cases required soft tissue flap 

surgery. Several authors have proposed surgical regimes for the treatment of SCF (Falagas & 

Rosmarakis, 2006; Herrera et al., 1983; Johnson et al., 1985; Pairolero et al., 1991; Siegman-Igra et 

al., 1990). However, today there is no consensus on the optimal treatment of SCF. A common practice 

is to treat SCF with antibiotics for the initial period. This delay between presentation of SCF and 

surgical intervention may be one of the main reasons for the intractable course in some patients. On 

the other hand, the proportion of patients who heal by antimicrobial therapy and simple wound care, 

without surgical intervention, is not well established. 
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6 Conclusions 

Deep sternal wound infections and sternocutaneous fistulas are serious complications of open heart 

surgery. Despite the great advances in prevention and treatment, many patients suffer from great 

morbidity and even mortality due to these infections. It is therefore important to prevent them, but also 

to improve the outcome of treatment. 

Paper I – DSWI is a serious complication of open heart surgery, with increased length of stay 
and one-year mortality rate. The incidence of DSWI is similar in Iceland to that in other 
cardiothoracic centres. Various risk factors were found to be associated with DSWI. The DSWI 
pathogens in Iceland are similar to those in other reports, except that there were no cases of 
methicillin-resistant S. aureus, which may have contributed to the favourable outcomes found 
in the study. 

Paper II – The rate of surgically treated early re-infections was reduced following the 
introduction of NPWT as a primary treatment for DSWI in Iceland. Furthermore, there was a 
lower rate of late chronic sternal infections and lower mortality, but the difference was not 
statistically significant. NPWT should be considered as a first-line treatment for most cases of 
DSWI. This was the first study to historically compare CvT to NPWT in a nationwide cohort, 
thereby reducing referral bias of the outcome. 

Papers III and IV – Sternocutaneous fistulas are a serious complication of open heart surgery. 
Many SCF patients require several hospital admissions and repeated surgical procedures, and 
have increased long-term mortality. The clinical presentation and risk factors for SCF may 
indicate that it is a foreign-body infection that arises de novo, similarly to prosthetic valve 
endocarditis in susceptible patients. The treatment outcome suggests that NPWT may be a 
valuable adjunct to conventional surgical debridement in order to improve SCF outcome. 
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7 Limitations of the present work, and future studies 

The main limitations of Paper I were the retrospective design and the relative lack of statistical power. 

This made identification and interpretation of rare risk factors impossible. In Paper II, the relatively 

small number of patients also made comparison of the groups difficult, as was the use of historical 

cohorts instead of randomization of the groups. It is therefore possible that the better outcome seen 

during the later period, when NPWT was the first-line treatment for DSWI, might to some degree be 

attributed to factors other than the surgical treatment itself—such as improved ICU care or improved 

antimicrobial therapy.  

It is imperative for surgical centres such as Landspitali to continually monitor the rate of SSIs. This 

ensures patient safety, and at the same time evaluates quality of care provided by that hospital. Future 

studies on DSWI should focus not only on complications and survival but also the patients’ quality of 
life. Ways of improving the outcome of treatment of DSWI should be addressed, but most importantly, 

these infections should be prevented. Thus, a thorough analysis of risk factors for DSWI is important, 

along with appropriate infection control. In this thesis, the timing of perioperative antibiotics was not 

considered, which is an important factor. Timely detection and easier diagnostics might improve 

outcome of treatment, as might also more frequent monitoring of patients at high risk of DSWI. 

Antibiotic treatment could also be optimized for best efficacy, with the lowest risk of resistance 

developing. In future studies, randomized trials of treatment alternatives for DSWI will hopefully enable 

optimization of treatment for this difficult complication. Furthermore, a subgroup analysis could give 

insight into where less intensive treatment options could be used, or how outcome in high risk patients 

with poor prognosis could be improved. This is especially important for new treatment alternatives 

such as NPWT where major complications, although rare, can occur and can be fatal.  

One limitation of Papers III and IV was the inclusion of only surgically treated cases, as it is not 

known how many patients who develop SCF can be treated safely with antibiotics alone. Further 

insight into this serious complication might be provided with better reporting of incidence, both in those 

with early infections and those with no previous sternal wound infection. Future studies should focus 

on the outcome of treatment and on what techniques are most effective. Furthermore, the risk factors 

for SCF have to be properly defined so that this devastating complication can be prevented. This 

would both benefit the patients and lead to better use of healthcare resources.  

It is evident that there has been little basic research on these infections, and more studies are 

needed on chronic biofilms in SCF, regarding both the pathogenesis of staphylococcal infections and 

underlying host factors such as genetic predisposition. More advanced animal models of sternal 

wound infections could also help to answer what antibiotics are optimal in the treatment and 

prophylaxis of these difficult infections. 
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