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ABSTRACT

InTRODUCTION: Surgical site infection is a common complication after orthopaedic surgery. It can be associ-
ated with increased morbidity rate and social cost. The accurate identification of risk factors is essential so that
strategies to prevent these potentially devastating infections can be developed. We have conducted this study to
determine the possible risk factors for the surgical site infections. OBJECTIVES: We aimed at finding exhaustive
evidence concerning the potential risk factors for infections in orthopaedic surgery. PATIENTS AND METHODS: Be-
tween October 2009 and December 2011, we identified 84 patients with a superficial and/or deep surgical site in-
fection and compared them with 203 uninfected patients (control group), taken out from a series of 486 patients.
We considered the following risk factors: diabetes, BMI >30, ASA Score of 3 or 4, smoking and age. RESULTS:
The most frequently performed operations of the 287 examined patients were the knee and hip arthroplasties (n
=32, 11.14%) and open fracture reductions (n = 178, 62.02%). Staphylococcus Aureus was the most common
identified pathogen (n = 63, 75%). The analyses (preoperative and postoperative) of the infected patients showed
them to have significantly high serum glucose levels in comparison with the control group (odds ratio = 8.7). We
found a significant high rate of infection in patients smoking for more than 20 years (67 patients, 79.7%). The
remaining variables (BMI, OR =2.21; ASA score, OR = 1.3) showed no significant differences between the study
group and controls. We also found a correlation between > 65-year-old patients and infections at the surgical site
(61 patients, 72.6%). Concrusion: We found that there was correlation between diabetes, smoking and age as
risk factors with the development of infection at the surgical site; other variables such as the ASA score and BMI
are not relevant here (contrary to what is reported in literature). We believe that postoperative results can be im-
proved considerably with a properly conducted antibiotic treatment, stringent glycemic control (achievable only
with careful multidisciplinary management) and good compliance of patients.
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PE3IOME

BBeaeHmE: IloctomeparnBHas WH(EKIUs 00IACTH XHPYPrHYECKOTO BMEIIATENbCTBA SIBISETCA OXHUM M3
HanboIee JacTo MPOSBIAEMBIX OCIOKHEHHN NPHU OPTONEANIECKUX onepanusax. JlaHHOe OCIOKHEHNE CBSI3aHO C
TIOBBIIIIEHUEM YPOBHS 3a00JI€BaHIH M COLIMAIBHBIX 3aTpart. TouHas naeHTnuKanus (JakTopoB pUCKA IMEET BaKHOE
3HAUCHNE BBHU/Y BO3MOXHOCTH Pa3paOOTKH ONpeAeIEHHBIX CTPATETHH MPEAOTBPAIIECHHUS JaHHBIX TOTCHIIHAIBLHO
Pa3pyMINTETbHBIX HHEKIU. MBI IPOBEIN NaHHOE MCCIECAOBAHUE C IIEIBIO ONPEIEINTh BO3MOXKHBIE (haKTOPbI
pHuCKa BO3HMKHOBEHMsA HHQEKIMM B 00macTH Xupyprudeckoro smermarenscrsa. LEam: Ilensio manHOTO
WCCIIEJOBAaHMS SIBISIETCSl MOWCK HCUEPMBIBAIOMINX JOKAa3aTeNbCTB, KACAIONIMXCS IMOTEHIHAIBHBIX (PAKTOPOB
pHCKa I BOSHUKHOBEHUS MH(EKINN B opToreAndeckoil Xupypruu. [IIANMEHTBI U METOIBI: B mepron ¢ oxTa0ps
2009 r. mo mexabpst 2011 1. MbI onpenenin 84 TManyeHTa ¢ MOBEPXHOCTHBIMU W/ MITH TIYOOKHMH WHQEKIISIMA
00JTacTH XUPYPIUYECKOTO BMEIIATENFCTBA W CpaBHWIM uX ¢ 203 mamumeHtamu 0e3 mH(peKIuil (KOHTpOIbHAS
rpymma), HaOpaHHBIX W3 TPYIIBl OOCIETOBAHHBIX MAIIEHTOB OOMMM KommdecTBoM 486. MBI paccMmoTpenn
crnexyromue GpakTOphl prcKa: caxapHblid auadet, BMI > 30, mynktsr 3 nim 4 mo ASA, KypeHne 1 BO3pacT.
PE3vibTATHI: Hambonee 9acTo BBITIOTHIEMBIMU ONEpanusMu cpean 287 o0CleA0BaHHBIX MAlMEHTOB SBISUTUCH
apTPOIUIACTHKH KOJICHHOTO M Taz00eapeHHOro cycTaBoB (n = 32, 11.14 %) u OTKphITas PEro3uys IepeIoMOB
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(n = 178, 62.02 %). Haubonee pacrnpocTpaHEHHBIM NAaTOr€HOM, BBISBICHHBIM HamH, siBisiercst Staphylococ-
cus Aureus (n = 63, 75%). AHanu3bl (TIpeIONCPAIIMOHHBIA U MMOCTOIICPAIIMOHHBIN) MAIUCHTOB ¢ WH(EKIHEH
MOKa3aJly, YTO Y HUX HAJMUYECTBYIOT 3HAUUTEIBHO 00Jiee BRICOKHE YPOBHH TIIFOKO3bI B CHIBOPOTKE 110 CPABHEHUIO
¢ KoHTpoJbHOU Tpynmoi (OR = 8.7). Mbl 00HapyKWJIM 3HAYUTEIBHO 3aBBIMICHHBIH TPOLEHT HHOEKIMN CPEH
MAIMeHTOB, KypuBIINX B TeyeHue Oonee 20 ser (67 mamuentoB, 79.7%). OcranbHbele napamerpsl (BMI, OR
= 2.21; pesyasrar mo ASA, OR = 1.3) He moka3aiay CyIIECTBEHHBIX Pa3IM4YMil MEXAy IpYyNIoN MaIleHTOB U
KOHTPOJBHOW TPyHNoi. MBI Takke OOHApYXHMJIM KOPPEISIMIO MEXIy BO3pacToM, IPEBBINIAIONINM 65 jer
U MHQEKTHPOBaHUEM O0JAaCTH XHMpypruieckoro BmemarenbctBa (61 mamment, 72.6 %). 3AKIIOYEHUE: MBI
OOHAPYKMITH KOPPEISLUOHHYIO CBSI3b MEXKIY IHa0EeTOM, KypeHHEM M BO3pPAaCTOM B KadecTBE (PAKTOPOB pHCKa
JUISL pa3BUTHST MH(MEKIMK 00JIACTH XUPYPrHYECKOrO BMEIIATEIbCTBA; APYTUE MMapaMeTphbl, TaKUEe Kak pe3ysbTar
1o ASA u BMI He sBIsit0TCS pENEBAaHTHBIME B JJAHHOM CiTydae (BOIPEKH TOMY, YTO COOOIIANIOCH B JIUTEPATYPE).
Mpbl cunTaeM, 4TO IOCIIEONEepPAMOHHBIE PE3yNbTaThl MOTYT OBITh 3HAUYMTEIBHO YIYYIICHBI MPH MPABHILHO
MIPOBEEHHOM JICYCHUN aHTHOMOTUKAMH, CTPOTOM IIIMKEMHUYECKOM KOHTpOJIE (BO3MOKHOM TOJIBKO ITPHU CTPOTOM

MHOFOHpO(l)I/IJ'H)HOM J'[e‘IeHI/II/I) " aKKypaTHbIM CO6J'IIO,H€HI/I€M TEPANCBTUYCCKOI'0 pC)KMMa nmaquCHTaMu.

KiroueBble ciioBa: caxapuwiii ouabem, ungexyus, onepamueubiil puck, 0CmeomMuesum
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INTRODUCTION

A surgical site infection in orthopaedic surgery is
defined as an infection that occurs within 30 days of
a surgery if no fixation devices have been implanted
or within one year if a metallic device has been left
in place.! It is one of the most common post-surgical
complications which is associated with increased
morbidity rate and social costs. It is not always so
easy to identify, classify and quantify a surgical site
infection (SSI). To solve this problem, the USA CDC
and some European projects (Hospital in Europe Link
for Infection Control through Surveillance, HELICS
and European Antimicrobial Resistance Surveillance
Scheme, EARSS) have provided some definitions.
There is a SSI surveillance system in the USA
and North Europe which is not as yet operative in
Italy. Research carried out in Italy has shown that
the recognized epidemiologic features are similar
to those depicted by the American system, the Na-
tional Nosocomial Infections Surveillance System
(NNIS), that represents an effective benchmark.
The most recent NNIS studies have demonstrated
that infection rate is 2.49% after open reduction of
fractures, 1.67% after hip arthroplasty, and 1.47%
after knee arthroplasty.> The relevant literature on
the effects of post-orthopaedic surgery SSI as well
as on the associated risk factors is rather scanty
in Italy. This can be accounted for by the lack of
standardized reference values and to absence of
cooperation among various specialists working on
patient management during the recovery. The aim of
the present study was to describe the independent
risk factors due to the infection developed at the
surgical site after orthopaedic surgery, in particular
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after open fracture reductions and prosthetic replace-
ment of hip and knee.

PATIENTS AND METHODS

We performed this case-control retrospective study
at the Orthopaedics and Traumatology Department of
the University of Messina. All patients who under-
went surgery from October 2009 to December 2011
were entered into the database. Table 1 shows the
demographics and surgical procedures undergone by
the study cohort. Patients with surgical site infections
were selected after a rigorous examination and labo-
ratory tests (ESR, RCP) and depending on whether
they had positive culture results from the surgical
wound swab; we also considered the x-ray tests. We
excluded patients admitted to the Emergency Room
with exposed (and contaminated) surgical wounds
as well as patients with negative culture results that
were receiving antibiotic treatment for associated
diseases. All patients underwent tailored antibiotic
prophylaxis prior to surgery depending on the type
and duration of the surgical procedure, as advised
by the national guidelines of SIOT.?

Table 1. Demographics and surgery characteristics of
287 patients treated with orthopaedic surgery between
October 2009 and December 2011

Sex 196 F; 91 M
Type of surgery n
Open reduction of fractures 178 (62%)
Knee / Hip arthroplasty 32 (11%)
Others 77 (27%)
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The correlation between a surgical site infec-
tion and risk factors was analysed using the odds
ratio. Multivariate logistic regression analysis was
used to identify the independent risk factors. We
identified 84 patients with SSIs. 203 patients had
no infection based on the NNIS parameters, with
random sampling. Database was compiled by fill-
ing out prearranged models which included surgery
type, risk factors, signs and symptoms of infection
of the wound and isolated microorganisms. The
risk factors were selected after a thorough survey
of the international literature previously reviewed
by the authors.

RESULTS

Out of a total of 287 patients treated between Oc-
tober 2009 and December 2011, we identified 84
surgical site infections. Based on the NNIS clas-
sification we divided these into three categories:
superficial SSI (33 patients, 39%), affecting only
the skin or the tissue around the wound; deep SSI
(37 patients, 43%), which affected the fascia or the
soft tissues; and organ/space SSI (14 patients, 17%),
which involved an open anatomical space during the
surgery besides the incision, including osteomyelitis
and empyema.”> Each patient, based on the internal
protocol, was subjected to clinical examinations
on days 7 (medication), 14 (desuture), 30 (X-rays
control), and 60 (check-up) of operation. During
the desuture 49 patients showed undeniable signs
of surgical site infection (skin rush, swelling, heat,
pain, fever, and inflammation indexes increase); in
21 patients these signs were already manifested after
7 days. In 14 patients the infection was manifested
30 days after surgery, while in 203 patients there
was no infection. The risk factors associated with
an increase of risk of SSI are shown in Table 2.
The results suggested that obesity* (BMI >30) and
disabling diseases® (ASA score of 3 or 4) showed

no distinctive correlation with the onset of SSI, in
contrast with data reported in literature. There was
an increase of the effect of surgical site infection
in diabetic patients (without any difference between

Diabetes: odds ratio 8.7
BMI >30: odds ratio 2.21
ASA 3or 4: odds ratio 1.3

Diabetes BMI >30 ASA Score 3 or 4

Figure 1. Risk factors and odds ratio.

type 1 and type 2 diabetes); the glycemic serum
level was elevated both pre- and post-operatively
(Fig. 1).° Furthermore, risk factors highly predic-
tive of infection of surgical wound were age’ (>65
years old) and smoking®.

DISCUSSION

The aim of the present study was to find a correla-
tion between some of the patient-related risk factors
with the development of SSI in patients subjected
to orthopaedic surgery.

Studies have shown that diabetes has commonly
been associated with the development of infection,
regardless of the type of diabetes.

It is clear that there are alterations considered
as expression of a defect of wound’s healing, as
illustrated by literature; those concern phagocytosis,
chemotaxis, blood vessels adhesion and bactericidal
activity of neutrophil granulocyte, collagen and
protocollagen synthesis, capillary neoformation
and fibroblast proliferation. Robson and Heg-

Table 2. Univariate comparison of individual risk factors with and without surgical site infection following or-

thopaedic operation

Patient level characteristics No of patients with SSI No of uninfected patients Odds Ratio
Body Mass Index >30 29 (34%) 40 (20%) 2.21
Diabetes 62 (74%) 49 (23%) 8.7
ASA class IIT or IV 18 (21%) 36 (17%) 1.3
Age > 65% 61 (73%) - _
Smoke* 67 (80%) - -

*Variables evaluated only for the infected group; ASA - American Society of Anesthesiologists.
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gers studied the infections of surgical wounds
in diabetic patients evaluating the bacteria in the
presence of hyperglycemia.® Results have shown
that Gram-positive bacteria are able to survive
in a hyperglycemic serum, while Gram-negative
bacteria develop with some difficulty. Furthermore,
as it has been shown by NJ Davidson et al., it is
possible that non-enzymatic glycosylation, favoured
by an excess of glucose, modifies the function of
plasma proteins, influencing delay of the wounds’
healing and predisposing them to infection.'® The
diabetic patient is more susceptible to the develop-
ment of infections, as the high levels of glucose
in blood can weaken the patient’s immune system.
Moreover, complications connected with diabetes,
as neuropathic and vascular diseases, increase the
organism’s vulnerability to infections.!!

Reports in the literature show that smokers and
patients over 65 years old are statistically more
susceptible to infections of the surgical path.!?
Smoking causes hypoxia of the peripheral tissues
- it reduces the aggression capacities of the im-
mune system, favouring the growth of infections.
In addition, in smoking patients we can see a delay
of the sediment of collagen in the surgical site,
so that it is not possible to guarantee the tissue
proper reparation.

A third possible mechanism is that smoking
affects the metabolism of the connective tissue,
altering the equilibrium between protease (enzymes
that degrade proteins) and anti-protease, producing
a deterioration of the connective tissue.!> However,
a limitation of these studies is that phrases such as
“regular cigarette smoking” and “active smoker”
are not always clearly defined. To find properly
how the use of tobacco contributes to the risk of
SSI, it would be better to adopt standardized defini-
tions of the smoker’s routine and that those have
to be used for studies that could identify controls
to avoid independent variables.

With increasing age it is common to find vitamin
C deficiency, essential element for the development
of collagen, that connected to circulatory disease
(venous stasis), immune defence system disease
and lack of hygiene, it contributes to the growth
of an infectious process on the patient.’

We found no correlation in our study between
other factors (obesity and an ASA score of 3 or 4)
and increased risk of SSI. Reports in the literature
have demonstrated that in overweight patients there
is an infiltration of inflammatory cells in adipose
tissue, which does not happen usually.'* It has not
been considered the adaptation of the antibiotic
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drug dose in relation to the body weight.!> More-
over, it has been shown that a longer pre-operative
recovery, usually caused by the seriousness of the
disease and/or co-morbidity, is responsible for an
increased risk of SSI.3

CONCLUSIONS

The results of this study suggest that diabetes is a
risk factor for SSI, alongside with other variables
such as age > 65 years and smoking; it does not
preclude other factors we analysed, such as obesity
or ASA score of 3 or 4, from triggering develop-
ment of SSI. Although it obviously is impossible to
avoid completely the risk of developing SSI, if we
take into account the high economic burden, besides
the greater morbidity and mortality rates, these in-
fections can cause, it is highly important that we
make use of all available instruments to reduce their
occurrence to a minimum - even a small reduction
of their incidence can bring about a considerable
economy of resources that can otherwise be used
for implementing other prevention programs.

The appropriate measures to adopt have to start
from a proper asepsis, passing through proper
surgical procedures, appropriate knowledge of
prophylaxis and health care procedures, wise use
of any novel resources for the prevention (suture
stitches with antibiotic solutions, stents, medicated
catheters, etc.), associated with a meticulous control
of pre- and post-operative glycemic values. It is
clear that a good compliance of patients is always
important. Indeed, a lot of patients are dismissed
after a short time of convalescence, even before
complete healing of their surgical wound.

The lack of optimal protocols for home medication
and implementation of healthy and sanitary rules,
such as reduction of body weight'® and smoking
cessation, make it necessary that patients and their
relatives should make a lot of efforts.

At discharge patients should be instructed to
properly tend to their surgical wounds and to be
able to recognise the signs and symptoms of in-
fection and to contact qualified specialists for any
kind of problem.

It is also possible that in trying to prevent an
infection process after surgery patients may resort
to an indiscriminate use of antibiotics. Researchers
have recently examined the problem so that proper
guidance could be provided to doctors in finding
the most appropriate antibiotic therapy in terms of
times and doses.!”

Folia Medica 2014; 56(4): 259-263
© 2014 Medical University, Plovdiv



Surgical Site Infection in Orthopaedic Surgery: Correlation Between Age, Diabetes, Smoke and Surgical Risk

REFERENCES

1.

Awad SS, Palacio CH, Subramanian A, Byers PA,
Abraham P, Lewis D, et al. Implementation of a
methicillin-resistant Staphylococcus aureus (MRSA)
prevention bundle results in decreased MRSA surgi-
cal site infections. Am J Surg 2009;198:607-10.
Horan TC, Culver DH, Gaynes RP, Jarvis WR, Ed-
wards JR, Reid CR. Nosocomial infections in surgi-
cal patients in the United States, January 1986-June
1992. National Nosocomial Infections Surveillance
(NNIS) System. Infect Control Hosp Epidemiol
1993;14:73-80.

SNLG. Antibioticoprofilassi perioperatoria nell’
adulto. http://www.snlg-iss.it/cms. September 2008.
Waisbren E, Rosen H, Bader AM, Lipsitz SR,
Roger SO Jr, Eriksson E. Percent body fat and pre-
diction of surgical site infection. ] Am Coll Surg
2010;210(4):381-9.

Khan M, Rooh-ul-Mugim, Zarin M, Khalil J, Salman
M. Influence of ASA score and Charlson Comorbid-
ity index on the surgical site infection rates. J Coll
Physicians Surg Pak. 2010;20(8):506-9.

Richards JE, Kauffmann RM, Zuckerman SL,
Obremskey WT, May AK. Relationship of hyper-
glycemia and surgical-site infection in orthopaedic
surgery. J Bone Joint Surg Am 2012;94(13):1181-6.
Kaye KS, Schmit K, Pieper C, Sloane R, Caughlan
KF, Sexton DJ, Schmader KE. The effect of increas-
ing age on the risk of surgical site infection. J Infect
Dis 2005;191(7):1056-62.

Sorensen LT, Karlsmark T, Gottrup F. Absti-
nence from smoking reduces incisional wound
infection: a randomized controlled trial. Ann Surg
2003;238(1):1-5.

Folia Medica 2014; 56(4): 259-263
© 2014 Medical University, Plovdiv

9. Robson MC, Heggers JP. Effect of hyperglycemia

on survival of bacteria. Surg Forum 1969;20:56-7.

10.Davidson NJ, Sowden JM, Fletcher J. Defective

phagocytosis in insulin controlled diabetics: evi-
dence for areaction between glucose and opsonising
proteins. J Clin Pathol 1984;37(7):783-6.

11.Ross HM (2008). Common infection in Diabetes.

http://diabetes.about.com/lw/Health-Medicine/
Conditions-and-diseases/Common-Infections-in-
Diabetes.htm. July 29, 2008.

12.Serensen LT. Wound healing and infection in surgery.

The clinical impact of smoking and smoking cessa-
tion: a systematic review and meta-analysis. Arch
Surg 2012;147(4):373-83.

13.Serensen LT, Hemmingsen UB, Kirkeby LT, Kalle-

have F, Jorgensen LN. Smoking is a risk factor for
incisional hernia. Arch Surg 2005;140(2):119-23.

14.Fain JN. Release of interleukins and other inflamma-

tory cytokines by human adipose tissue is enhanced
in obesity and primarily due to the nonfat cells.
Vitamins and Hormones 2006;74:443-477.

15. Toma O, Suntrup P, Stefanescu A, London A,

Mutch M, Kharasch E. Pharmacokinetics and tis-
sue penetration of cefoxitin in obesity: implications
for risk of surgical site infection. Anesth Analg
2011;113(4):730-7.

16.Thomas EJ, Goldman L, Mangione CM, Marcantonio

ER, Cook EF, Ludwig L, et al. Body mass index
as a correlate of postoperative complications and
resource utilization. Am J Med 1997;102:277-83.

17.Classen DC, Evans RS, Pestotnik SL, Horn SD,

Menlove RL, Burke JP. The timing of prophylactic
administration of antibiotics and the risk of surgical-
wound infection. New Engl J Med 1992;326:281-6.

263



