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Chapterr  7 

RISK-ADJUSTEDD SURGICAL SITE INFECTIO N 
SURVEILLANC E E 

INN HUNGARIA N HOSPITAL S 

Abstract t 

Background::  Assessment of health care quality is a major challenge in countries such as 
Hungaryy where there is limited experience with measurement of patient outcomes. We 
soughtt to demonstrate that surgical site infection (SSI) surveillance is a feasible outcome 
measurementt model for evaluating the quality of surgical care in Hungarian hospitals and 
identifyingg areas for improvement. 

Methods::  Prospective survey of the incidence of SSI after 12 defined procedure types in a 
cross-sectionn of 20 public hospitals was performed in Hungary during 1996. Hospital 
personnell  were trained to perform SSI surveillance using the Hospitals in Europe Link for 
Infectionn Control through Surveillance (HELIC5) protocol, a protocol consistent with methods 
usedd by the United States Centers for Disease Control and Prevention's National Nosoco-
miall  Infection Surveillance (NNIS) System. Procedure-specific, risk-adjusted SSI rates were 
comparedd to NNIS System benchmarks. 

Results::  Cholecystectomy, herniorrhaphy, appendectomy, and open reduction of fracture-
44 of the 5 most commonly performed procedures in Hungary in 1996 - comprised 85% of 
thee 6,006 procedures analysed. Cumulative SSI rates for herniorrhaphy and appendec-
tomyy were comparable to NNIS System benchmarks. Cumulative SSI rates for cholecys-
tectomyy were significantly higher in Hungarian hospitals among risk categories that in-
cludedd open procedures. Nearly half of the hospitals had SSI rates for cholecystectomy that 
weree high outliers (>90% percentile) compared to NNIS System benchmarks. Cumulative SSI 
ratess for open reduction of fracture and mastectomy were significantly higher in Hungarian 
hospitalss due to high rates in a few hospitals. The duration of surgery for all procedure types 
wass substantially shorter in Hungarian hospitals compared with NNIS System hospitals. 

Conclusions::  The study expanded the capacity of Hungarian hospitals to perform SSI 
surveillancee - a key outcome of surgical care. Future collaborative initiatives should focus 
onn optimising infection prevention measures for patients undergoing cholecystectomy, open 
reductionn of fracture, and mastectomy. The effect of the utilization of open vs. laparoscopic 
cholecystectomyy and short procedure duration on SSI rates should be evaluated further. 
Thiss program can serve as a model for similar programs in other Central and Eastern 
Europeann countries. 
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Thiss chapter was published as: Gulacsi L, Tatar-Kis Zs, Goldmann DA, Huskins C (2000) Risk-
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7.11 Introductio n 

Governments,, payers, and international health organizations are increasing pressure on 
hospitalss to improve patient outcomes and reduce costs. (World Bank, 1993) Nosocomial 
infectionn control programs are highly effective in reducing infections that cause substan-
tiall  morbidity and mortality and increase health care costs. (Haley, Culver, White et al. 
1985;; Wenzel, 1985) Accordingly, we have argued that nosocomial infection prevention is 
ann ideal model for nascent, hospital-based quality improvement initiatives and have de-
scribedd a demonstration program to reduce surgical site infections (SSI). (Huskins, Soule, 
O'Boyle,, Gulacsi et al. 1998) 

AA particularly attractive feature of this model is that hospital personnel quickly gain expe-
riencee with valid measurement of a key patient outcome, in this case SSI. Methods for SSI 
surveillancee are well-described and case finding is not dependent on the availability of a 
highlyy skilled microbiology laboratory, facilitating application in hospitals with littl e sur-
veillancee experience and a wide range of resources. (Horan, Gaynes, Martone et al. 1992; 
Thee Society for Hospital Epidemiology of America, 1992; Horan and Emori, 1997) Person-
nell  can use a simple composite risk index to stratify SSI rates by the risk of infection, 
illustratingg the importance of case-mix adjustment. (Culver, Horan, Gaynes et al. 1991) 
Finally,, personnel can compare their data to readily available external benchmarks provid-
ingg them with insight into the use of clinical indicators in quality management. (CDC 
NNISS System, 1997) 

Mindfull  of these considerations, the Hungarian Society for Quality Assurance in Health 
Caree (HSQA) initiated a program to improve SSI surveillance in 1994, as one of its first 
effortss to improve the quality of care in Hungarian hospitals. Prior to that time, most 
hospitalss in Hungary relied on a system of passive reporting of nosocomial infections by 
physicians,, a situation common to many hospitals in Central and Eastern Europe. A small-
scalee study in 1994 indicated that the passive system underestimated the SSI rate by 10-
fold.. (Gulacsi, Tatar Kiss, Kovacs et al. 1996) Moreover, reported rates were not stratified 
byy any measure of risk - not even wound class-making comparative analysis impossible. 
Thee purpose of the new program was to develop the capacity of hospitals to measure SSI 
ratess validly and to identify potential areas for improvement. The program was coordi-
natedd with the Hospitals in Europe Link for Infection Control through Surveillance (HELICS) 
program,, an initiative to improve surveillance and prevention of nosocomial infections 
supportedd by the European Community. (Hospitals in Europe, 1994) 

Thiss report describes the methods of this program, analyzes SSI rates for commonly per-
formedd procedures in Hungary in relation to benchmarks published by the United States 
Centerss for Disease Control and Prevention's National Nosocomial Infection Surveillance 
(NNIS)) System, and identifies areas for improvement. It is the first report of the applica-
tionn of the NNIS risk index to a large-scale, multi-institutional analysis of SSI rates in 
Europe. . 
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7.22 Methods 

7.2.17.2.1 Selection of participating hospitals 

Writtenn invitations to participate in the study were sent to the hospital directors of all city, 
county,, and university hospitals in Hungary. All hospitals expressing interest in the study 
weree visited by one of the investigators (STK) and the study was described in detail to the 
hospitall  administration, the chief of surgery, and the hospital epidemiologist. Inclusion in 
thee study was dependent upon four criteria: 1) consent of the medical and nursing direc-
tors,, the chief of the surgical department, and the hospital epidemiologist; 2) availability of 
twoo full-time nurses to perform SSI surveillance; 3) successful completion by these nurses 
off  a training course in surveillance methodology and their demonstrated competence in 
performingg SSI surveillance during a three-month implementation phase of the program 
inn 1995 (see below); 4) presence of a hospital-wide infection control committee to help 
facilitatee the surveillance. 

7.2.27.2.2 Surveillance methodology 

Thee HELICS protocol for SSI surveillance was used. (Hospitals in Europe, 1994) This proto-
coll  consistent with SSI surveillance methods used by United States Centers for Disease 
Controll  and Prevention's National Nosocomial Infection Surveillance (NNIS) System. (Horan, 
Gayy nes, JVlartone et al. 1992; Horan and Emori, 1997; Culver, Horan, Gaynes et al. 1991; 
Emori,, Culver, Horan et al. 1991) The definition of SSI was identical to that used in the 
NNISS System. (Horan, Gay nes, Martone et al. 1992) Trained nurses (see below) performed 
activee bedside surveillance of surgical patients and reviewed patient records and laboratory 
results.. Information regarding all patients under surveillance was recorded on a pre-printed 
dataa collection form developed and tested during the implementation phase of the program 
(seee below). Nurses were instructed to consult with attending physicians as needed, but to 
makee their own independent decisions regarding the presence of a SSI. Post-discharge sur-
veillancee was optional; most hospitals did not perform post-discharge surveillance for lo-
gisticall  reasons. 

7.2.37.2.3 Training and implementation of the surveillance methodology 

AA training program for surveillance nurses was established by the HSQA in collaboration 
withh the Institute for Basic and Continuing Education of Health Workers in Hungary. Each 
nursee completed a one-week didactic training course and 3 months of practical training 
duringg the latter part of 1994. 

Inn 1995, the surveillance methodology was tested in 25 hospitals for 3 months. The inves-
tigatorss (LG, STK, DAG, WCH) monitored the implementation of the project through visits 
too the participating hospitals. Data collection forms from all hospitals were submitted to 
thee data management center at Debrecen Medical University where they were analysed. 
Thee data collection form was simplified and the instructions were clarified in response to 
thee comments of hospital personnel. 
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Inn 1996, the surveillance methodology was implemented in 20 of the original 25 hospitals. 
Fivee hospitals were eliminated from the study at the request of the hospital administration 
orr due to poor compliance with the surveillance methodology. The data from this effort are 
describedd in this report. 

7.2.47.2.4 Surgical procedures surveyed 

Becausee many of the county hospitals in Hungary are very large (> 1500 beds), surveil-
lancee of all surgical procedures performed in these hospitals was impossible. Instead, hos-
pitalss were requested to perform surveillance on patients undergoing a defined set of pro-
ceduree types defined by the HELICS protocol. (Hospitals in Europe, 1994) These procedure 
typess are essentially identical to those used in the NNIS System. (Horan and Emori, 1997) 
Hospitalss were allowed to select some or all of the following procedure types for surveil-
lance:: cholecystectomy (operative and laparoscopic cholecystectomy were recorded sepa-
rately),, herniorrhaphy, appendectomy, coronary artery bypass graft, laparotomy, abdominal 
hysterectomy,, cesarean section, open reduction fracture, colon surgery, mastectomy, and 
insertionn of a hip prosthesis. University and county hospitals were requested to perform 
surveillancee on at least 150 consecutive procedures of a specific type. City hospitals were 
requestedd to perform surveillance on at least 300 consecutive procedures of any of the 
twelvee procedure types listed above. 

7.2.57.2.5 Data and statistical analysis 

Dataa collection forms from all hospitals were submitted to the data management center at 
Debrecenn Medical University. Data were entered in to a Microsoft Excel spreadsheet (ver-
sionn 7.0, Microsoft Corporation, Redmond, WA) and examined by the investigators (LG, 
STK,, WCH) for obvious data entry errors and by range checking. Original data collection 
formss were reviewed and the surveillance nurses were contacted to resolve discrepancies. 
Dataa were analysed using Microsoft Excel, SPSS for Windows (release 6.0, SPSS, Inc., Chi-
cago,, IL), and Epilnfo (release 6.04b, Centers for Disease Control and Prevention, Atlanta, 
GAA and the World Health Organization, Geneva, Switzerland). 

Ratess of infection were reported as the number of SSI per 100 procedures. Risk-adjusted SSI 
ratess were calculated using the NNIS risk index. (Culver, Horan, Gaynes et al. 1991; CDC 
NNISS System, 1997) The NNIS risk index for all procedures other than cholecystectomy 
wass calculated by summing the number of the following three risk factors that were 
presentt for each procedure: 1) the American Society of Anesthesiologists (ASA) preopera-
tivee assessment score of 3, 4, or 5; 2) the procedure classified as contaminated or dirty-
infected;; 3) the procedure had a duration > T hours, where T is the 75th percentile of the 
distributionn of procedure duration for each procedure type, rounded to the nearest hour. 
(Culver,, Horan, Gaynes et al. 1991) The duration of the procedure is defined as the time 
betweenn the skin incision and completion of skin closure. The risk index for cholecystec-
tomyy was calculated by first determining the NNIS risk index as described above and then 
usingg the following schema described by the NNIS System: 0 if the NNIS risk index was 0; 
11 if the NNIS risk index was 1 and a laparoscopic procedure was performed; 2 if the NNIS 



210 0 Hungariann health care in transition... 

riskk index was 1 and an open procedure was performed or if the NNIS risk index was 2 or 
33 and a laparoscopic procedure was performed; 3 if the NNIS risk index was 2 or 3 and an 
openn procedure was performed. (CDC NNIS System, 1997) Since our analysis showed that 
proceduree duration was substantially shorter in Hungarian hospitals participating in this 
studyy compared to United States hospitals participating in the NNIS System, we deter-
minedd the 75lh percentile of the distribution of procedure duration in hospitals participating 
inn this study and substituted this value for T in the calculation of the risk index described 
above.. We then recalculated risk-adjusted SSI rates using this revised NNIS risk index. 

Cumulativee SSI rates were calculated by pooling data from all participating hospitals. 
Comparisonss of cumulative rates between wound classes and NNIS risk index categories 
weree made using the two-sample test for binomial proportions (normal theory method) 
whenn the normal approximation assumption was valid, the Yates-corrected chi-square test 
whenn the normal approximation was not valid, and Fisher's exact test when the normal 
approximationn was not valid and an expected value was less than 5. {Emori, Edwards, 
Culverr et al. 1998) Analyses of trends in SSI rates across successively higher risk index 
categoriess was performed using the chi-square test for trend in binomial proportions. (Emori, 
Edwards,, Culver et al. 1998) Cumulative risk-adjusted SSI rates from participating hospi-
talss were compared to cumulative SSI rates from United States hospitals participating in 
thee NNIS system using the methods described above. (CDC NNIS System, 1997; Emori, 
Edwards,, Culver et al. 1998) Data from two or more risk categories were combined to 
correspondd to the manner in which data are reported by the NNIS System when indicated. 
(CDCC NNIS System, 1997) Risk-adjusted SSI rates for cholecystectomy were calculated for 
individuall  hospitals; confidence intervals for these rates were calculated using Pratt's ap-
proximationn method for the binomial distribution using a program written for SAS (release 
6.12,, SAS, Institute Inc., Cary, NC). (Rosner, 1995) 

7.2.67.2.6 Feedback of infection rates to hospitals 

Individuall  hospital and cumulative SSI rates were reported to the medical director and chief 
off  surgery of each hospital. Each hospital was identified only by a confidential code in oral 
presentationss and written reports. 

7.33 Results 

Twentyy (12%) of the 163 hospitals in Hungary participated in the study, including 1 (20%) 
off  5 university hospitals, 9 (47%) of 19 county hospitals, and 10 (7%) of 139 city hospitals. 

Dataa were reported for 6074 procedures in the twelve defined procedure types. Data suffi-
cientt for analysis was submitted for 6006 (99%) of these procedures, with a median of 272 
proceduress reported from each hospital. Table 7.1 shows the distribution of procedures by 
type.. Four procedure types accounted for 85% of the procedures reported: cholecystectomy 
(44.6%),, herniorrhaphy (20.4%), appendectomy (10.6%), and open reduction of a fracture 
(9.4%).. Cholecystectomies were almost equally divided between open (45%) and laparoscopic 
proceduress (55%). 
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Thee distribution of procedure types in this study was similar to the distribution of proce-
duree types performed in all Hungarian hospitals in 1996. Nationwide, open reduction of 
fracturee was the most commonly performed procedure, followed by cholecystectomy, herni-
orrhaphy,, cesarean section, and appendectomy (information provided by the Center for 
Healthcaree Information, Ministry of Welfare, Hungary). The procedures included in this 
studyy represented 9.6% of all cholecystectomies, 5.8% of all herniorrhaphies, 4.5% of all 
appendectomies,, and 1.7% of all open reductions of fractures performed in Hungary in 
19966 (information provided by the Center for Healthcare Information, Ministry of Wel-
fare,, Hungary). 

Thee majority of participating hospitals reported data regarding cholecystectomy, hernior-
rhaphy,, and appendectomy; data regarding open reduction of fracture were reported from 
onlyy 4 hospitals (Table 7.1). Numbers of colon surgery, hip prosthesis, mastectomy, and 
laparotomyy reported overall and per hospital were substantially smaller (Table 7.1). No 
hospitall  reported data on coronary bypass grafting. Further analysis of data regarding 
cesareann section was not performed since data was reported from only two hospitals and 
sincee risk factors other than those analyzed in this study are more predictive of the risk of 
infection.. (Blythe, 1986) 
Onee hundred sixty eight SSIs were identified after these procedures for an overall infection 
ratee of 2.9 per 100 procedures. Table 1.1 displays cumulative SSI rates for all procedure 
typess combined, stratified by wound class and NNIS risk index. Eighty-two percent of all 
proceduress were in risk category 0 or 1; 91% percent of all procedures were classified as 
cleann or clean-contaminated. 

Thee NNIS risk index stratified the risk of infection substantially better than wound class 
(Tablee 7.2). The cumulative SSI rate among procedures in risk category 1 (3.1/100 proce-
dures)) was nearly three-fold higher than that among procedures in risk category 0 (1.1/ 
1000 procedures) (p < 0.001); whereas, the cumulative SSI rate among clean-contaminated 
proceduress (2.3/100 procedures) was only 10% higher than that among clean procedures 
(2.1/1000 procedures) (p = 0.732). A significant increase in SSI rates was present across 
successivelyy higher NNIS risk categories of clean (p < 0.001), clean-contaminated (p < 
0.001),, and contaminated procedures (p < 0.001). 

Tablee 7.3 shows cumulative NNIS risk index-adjusted SSI rates for specific procedures per-
formedd in the Hungarian hospitals participating in this study compared to cumulative 
ratess from United States hospitals participating in the NNIS system. (CDC NNIS System, 
1997)) SSI rates for cholecystectomy in Hungarian hospitals were higher than NNIS bench-
markss across all risk categories, and were more than two-fold higher for risk categories 0, 2, 
andd 3. These latter three categories include open procedures, whereas risk category 1 is com-
prisedd exclusively of laparoscopic procedures (see Methods, Data and Statistical Analysis). 

Cumulativee SSI rates were also significantly higher among Hungarian hospitals for risk 
categoryy 1 of open reduction of fracture and the combined 0 and 1 risk categories of mas-
tectomy.. These differences were due to high rates of infection in a few hospitals. SSI rates 
forr herniorrhaphy and appendectomy were similar among Hungarian and NNIS System 
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hospitalss and the rate for risk category 3 of colon surgery was significantly lower in 
Hungariann hospitals. Differences in rates for other procedures were not significant, due to 
thee relatively small number reported from the participating Hungarian hospitals. 

SSII  rates for cholecystectomy from individual hospitals in Hungary are shown in Figure 
7.1,, and compared with the 90[h percentile for the distribution of hospitals participating in 
thee NNIS System. (CDC NNIS System, 1997) Data are shown only for procedures in risk 
categoriess 0 and 2 because the bulk of cholecystectomies occurred in these two categories 
(58%% and 22% of all cholecystectomies, respectively). In risk category 0, SSI rates for 8 
(40%)) hospitals exceeded the 90th percentile reported by the NNIS System. In risk category 
2,, SSI rates for 9 (45%) hospitals exceeded the 90th percentile. The lower bound of the 95% 
confidencee interval for these rates was less than the 90[h percentile for only one hospital 
(Hospitall  M, risk category 2). Five hospitals had SSI rates exceeding the 90th percentile in 
bothh risk categories 0 and 2 (see Figure 7.1: hospitals D, F, G, M, O). There was littl e 
variationn in SSI rates among hospitals for procedures in risk category 0 (median 0; 25th% 
0;; 75th%2.0, range 0-2.9), but there was substantial variation in risk category 2 (median 
4.0;; 25th%0.5; 75th%8.2, range 0-25.0). There was no correlation between SSI rates and 
thee type or size of the hospital or the volume of procedures performed. 

Too determine if differences in the length of surgery affected the results of our analysis of SSI 
rates,, we examined the distribution of procedure duration for each procedure type. Figure 
7.22 shows that the length of surgery was substantially shorter for all procedure types in 
Hungariann hospitals participating in this study compared to United States hospitals par-
ticipatingg in the NNIS system. (CDC NNIS System, 1997) With the exception of laparo-
tomy,, the 90th percentile for procedure duration in Hungarian hospitals was less than the 
7575thth percentile for NNIS hospitals. We recalculated risk-adjusted SSI rates using a revised 
riskk index, incorporating the 75th percentile of the distribution of procedure duration in 
hospitalss participating in this study in place of the value for T, which is derived from 
proceduress performed in United States hospitals (see Methods, Data and Statistical Analy-
sis).. SSI rates were not substantially different in this analysis. 

7.44 Discussion 

Inn an effort to better evaluate the quality of surgical care in Hungarian hospitals, we suc-
cessfullyy trained hospital personnel to perform valid SSI surveillance in a cross-section of 
200 public hospitals. We analysed risk-adjusted SSI rates for over 6000 procedures - 85% of 
whichh comprised 4 of the 5 most commonly performed procedures in Hungary in 1996 -
andd compared them to NNIS System benchmarks. We found that cumulative SSI rates 
weree higher for cholecystectomy, particularly risk categories that included open proce-
dures.. Nearly half of the hospitals had rates that were high outliers (>90% percentile) 
comparedd to NNIS System benchmarks. We also found that cumulative SSI rates for open 
reductionn of fracture and mastectomy were higher in Hungarian hospitals, due to high 
ratess in a few hospitals. 
Thesee data provide critical information that can be used to target future efforts to evaluate 
andd improve the quality of surgical care in Hungarian hospitals. For instance, perioperative 
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antimicrobiall  prophylaxis (PAP) is recommended for high-risk patients undergoing open 
cholecystectomyy in Hungary, as in other countries. (Culver, Horan, Gaynes et al. 1996; 
Szalka,, 1994; Currier, Campbell, Piatt et al. 1991) Concurrently collected data indicate that 
theree was substantial variation among Hungarian hospitals in the prescription of PAP for 
openn cholecystectomy. PAP was prescribed for 20% of these procedures. However, it was 
utilisedd in only 5 of the 20 hospitals and a single hospital accounted for 52% of all prescrip-
tions.. Thirty-six percent of prescriptions were for cefamandol, one of the second-genera-
tionn cephalosporins recommended in the Hungarian guideline. (Szalka, 1994) Twenty-five 
differentt agents were used in the remainder of the prescriptions. This degree of variability is 
unlikelyy to be attributable to differences in the percentage of high-risk patients between 
hospitalss or specific indications for use of a particular agent. It more likely represents 
extreme,, unexplained practice variation, similar to that observed in a study of the prescrip-
tionn of PAP in a group of United States hospitals nearly ten years ago. (Currier, Campbell, 
Piattt et al. 1991) In the future, the prescription of PAP should be evaluated for other proce-
dures,, such as orthopedic procedures involving the insertion of hardware and breast sur-
geryy with a high risk of infection. (Dellinger, Gross, Barrett et al. 1994; Piatt, Zaleznik, 
Hopkinss et al. 1990) In addition, Classen et al have shown that unless systems are specifi-
callyy designed to ensure that PAP is administered shortly before the time of the incision, 
manyy patients receive the antibiotic too early or too late, and are consequently at higher 
riskk of infection. (Classen, Evans, Pestotnik et al. 1992) 

Wee have described simple quality improvement methods to evaluate and improve the use 
andd timing of PAP and have used these methods to achieve significant improvements in the 
usee and timing of PAP in cesarean section. (Huskins, Soule, O'Boyle, Gulacsi et al. 1998; 
Weinberg,, Ruiz, Fuentes et al. 1997) These methods can be used to evaluate and improve 
otherr care-related factors that affect the risk of SSI, such as the preoperative preparation of 
thee skin, the appropriate use of drains, and proper reprocessing of reusable instruments. 
(Huskins,, Soule, O'Boyle, Gulacsi et al. 1998) 
Thesee data have also identified areas where additional information is necessary. Recent 
studiess have shown a dramatic increase in the utilisation of laparoscopic cholecystectomy 
inn the United States and other countries, with generally favourable but variable effects on 
patientt outcomes compared to the open approach. (Steiner, Bass, Talamini et al. 1994; 
Dunn,, Nair, Fowler et al. 1994; Kane, Lurie, Borbas et al. 1995; Zitser, Simchen, Ferderber 
ett al. 1997; Chen, Daley, Pappas et al. 1998) Our data and that of another study indicate 
thatt the use of the laparoscopic approach is commonplace in Hungary. (Ihasz, Hung CM et 
al.. 1997) The utilisation of open vs. laparoscopic approach among hospitals and patient 
subgroupss should be evaluated further and in relation to SSI rates. We did not observe an 
effectt of procedure volume on SSI rates after cholecystectomy. However, the effect of pro-
ceduree volume on SSI rates should be evaluated in more detail for procedures that are 
performedd very infrequently in most hospitals, such as mastectomy and hip prosthesis. 

Thiss study represents the second application of NNIS SSI benchmarks to a multi-institu-
tionall  analysis of SSI rates outside of the United States, (Starling, Couto and Pinheiro, 
1997)) and is the first reported from Europe. We found that the NNIS risk index stratified 
SSII  rates much better than wound class alone, a finding consistent with the original analy-
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siss of this risk index in United States hospitals. (Culver, Horan, Gay nes et al. 1991) How-
ever,, our study found that the procedure-specific duration of surgery - a component of the 
NNTSS risk, index - was much shorter in Hungarian hospitals compared to United States 
hospitalss participating in the NNIS System, this finding contradicted our a priori  hypoth-
esiss that procedure duration would be longer in Hungary, possibly as a consequence of 
inefficienciess and fewer resources. 
Itt is not clear what effect a shorter duration of surgery may have on SSI rates. On the one 
hand,, longer procedure duration has been identified as an independent risk factor for SSI by 
severall  large studies, presumably as the result of the longer period of time the wound is 
openn and as a marker of a more complicated and higher risk procedure. (Culver, Horan, 
Gayness et al. 1991; Haley, Culver, Morgan et al. 1985; Garibaldi, Cushing and Lerer, 1991) 
Onn the other hand, careful dissection, delicate handling of tissues, and adequate hemostasis 
aree also important in the prevention of SSI and require additional operating time. (Altemeier, 
Burkee and Sandusky, 1984) Given the dramatically shorter duration of surgery in Hungarian 
hospitals,, the relationship of procedure time and the risk of SSI should be evaluated in more 
detail.. In addition, future studies applying the NNIS risk index in novel settings should 
examinee procedure duration in relation to the procedure duration cutpoints used in the 
NNISS risk index to determine whether discrepancies exist that may affect interpretation of 
thee results, although this was not observed in our study. 

Thee conclusions of this study are limited by several considerations. First, because partici-
pationn was voluntary, hospitals included in the study are not necessarily a representative 
samplee of all public hospitals in Hungary. Second, hospitals were allowed to collect data on 
definedd procedure types of their choosing. Consequently, procedures included in this study 
aree not necessarily a representative sample of all surgical procedures performed in these 
hospitals.. Third, although methods were standardised, there may have been variation in 
thee application of these methods in different hospitals. Finally, post-discharge surveillance 
wass not mandated and was performed by only a minority of hospitals. Variability in the 
performancee of post-discharge surveillance and the completeness of case finding may have 
affectedd the rates of infection reported. Nonetheless, post-operative length of stay is long 
inn Hungarian hospitals, increasing the sensitivity of in-hospital surveillance. Moreover, 
cost-effectivee methods for post-discharge surveillance remain elusive even in countries 
withh well-developed surveillance programs, such as Great Britain and the United States. 

Thiss study represents the first report of a systematic effort to improve surveillance of 
nosocomiall  infections in formerly socialist Central and Eastern European countries. Dur-
ingg the course of this program, 80 infection control nurses were trained, dramatically 
expandingg the number of qualified personnel to perform surveillance. Moreover, active 
infectionn control committees were established or expanded in >90% of participating hospi-
tals.. (Gulacsi, Tatar-Kis and Kovacs, 1998) The success of the program is further demon-
stratedd by the fact that over 40 hospitals in Hungary are now participating in a program to 
monitorr device-associated nosocomial infections in intensive care units. This program may 
servee as a model for similar national efforts to systematically collect and analyse data 
regardingg nosocomial infections and other quality-related outcomes of hospital care in 
Centrall  and Eastern European countries. 
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Tablee 7.1 Surgical procedures performed in hospitals in Hungary 

Proceduree typen 

Cholecystectomy y 

Operative e 

Laparoscopic c 

Herniorrhaphy y 

Appendectomy y 

Openn reduction of fracture 

Colonn surgery 

Cesareann section 

Hipp prosthesis 

Abdominall  hysterectomy 

Mastectomy y 

Laparotomy y 

Coronaryy artery bypass graft 

Total l 

# of f 
procedures s 

2,679 9 

1,206 6 

1,473 3 

1,223 3 

636 6 

566 6 

232 2 

159 9 

158 8 

126 6 

125 5 

102 2 

0 0 

6,006 6 

%% of total 
procedures s 

44.6 6 

20.1 1 

24.5 5 

20.4 4 

10.6 6 

9.4 4 

3.9 9 

2.6 6 

2.6 6 

2.1 1 

2.1 1 

1.7 7 

0 0 

100.0 0 

## of hospitals 
reportingg data 

20 0 

20 0 

19 9 

18 8 

12 2 

4 4 

11 1 

2 2 

3 3 

3 3 

9 9 

11 1 

0 0 

20 0 

## of procedures 
reported d 

perr hospital (range) 

1344 ( 3 3 - 3 1 7) 

566 ( 5 - 1 5 9) 

788 ( 1 - 2 5 4) 

700 (1 - 150) 

544 (1 - 102) 

1422 (103 - 179) 

155 ( 2 - 4 8) 

800 (52 - 107) 

3737 ( 2 4 - 9 7) 

444 (1 - 81) 

100 ( 3 - 4 0) 

99 ( 1 - 2 1) 

0 0 

2733 ( 1 1 0 - 5 9 2) 

HH Procedure types are defined by the HELICS protocol (see: Hospitab in Europe Link for Infection Control through 
SurveillanceSurveillance (HELICS) protocol: surgical wound infection surveillance. Institute of Hygiene and Epidemiology, 
Brussels,Brussels, 1994). These procedure types are essentially identical to those used in the NNIS System (see: Horan TC, 
EmoriEmori TG. Definitions of key terms used in the NNIS System. Am J Infect Control 1997;26:112-6). 
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Tablee 7.2 Cumulative Surgical Site Infection Rates Stratified by Wound Class*  and 
NNISS Risk Index + in Hospitals in Hungary. 

Numberr of surgical site infections / 100 procedures 
NNISS Risk Index Category t 

Woundd classn 

Clean n 

Clean-contaminated d 

Contaminated d 

Dirty/Infected d 

Al l l 

0 0 

1.00 || 

1.33 || 

_ _ 
— — 

1.11 § 

1 1 

3.11 | | 

3.11 | | 

1.11 j | H 

40.00 H 

3.11 § 

2 2 

5.88 || 

4.55 || 

9.33 | | 

21.44 U 

6.7 7 

3 3 

— — 
— — 

11.44 || 

9.11 1t 

9.7 7 

Al l l 

2.11 % 

2.33 % 

8.4 4 

20.55 f 

2.9 9 

NNIS,NNIS, National Nosocomial Infection Surveillance 
nn Wound class is defined by HEL1CS protocol (see: Hospitals in Europe Link for Infection Control through Surveil-
lancelance (HELICS) protocol: surgical wound infection surveillance. Institute of Hygiene and Epidemiology, Brussels, 
1994).1994). This classification is essentially identical to that used in the NNIS System (see: Horan TC, Emori TG. 
DefinitionsDefinitions of key terms used in the NNIS System. Am J Infect Control 1997,26:112-6). 
tt The NNIS risk index for all procedures other than cholecystectomy is calculated by counting the number of the 
followingfollowing risk factors: ASA score 3, 4, or 5; procedure classified as contaminated or dirty-infected; procedure with 
durationduration > T hours, where T is the 75th percentile of the procedure duration distribution for each procedure type, 
roundedrounded to the nearest hour (see: Culver DH, Horan TC, Gaynes RP, et al. Surgical wound infection rates by wound 
class,class, operative procedure, and patient risk index. Am J Med 1991,91 Suppl 3B:152S-7S). The risk index for 
cholecystectomycholecystectomy is calculated as follows: 0 if the risk index is 0; 1 if the risk index is 1 and a laparoscopic 
procedureprocedure is performed; 2 if the risk index is 1 and an open procedure is performed or if the risk index is 2 or 3 and 
aa laparoscopic procedure is performed; 3 if the risk index is 2 or 3 and an open procedure is performed (see: CDC 
NNISNNIS System. National Nosocomial Infections Surveillance (NNIS) report, data summary from October 1996-
AprilApril  1997, issued May 1997. Am J Infect Control 1 997,25:477-87). 
ff Comparison of clean and clean-contaminated, p = 0.732 
§§ Comparison of risk category 0 and 1, p < 0.001 
|| | Analysis of trend across risk categories, p < 0.001 
111 Rate based on fewer fewer than 100 procedures 
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Figuree 7.1 Surgical Site Infection Rates after  Cholecystectomy Stratified by NNIS Risk 
Indexx Category in Hospitals in Hungary. 

NNIS,, National Nosocomial Infection Surveillance; SSI, surgical site infection 
Individuall  hospitals are represented by an alphabetic letter code (A - T); the number of 
proceduress performed in each hospital is shown below the letter code. 
Thee solid square ( | | ) represents the rate for an individual hospital. The solid lines extend-
ingg above and below the square represent 95% confidence intervals calculated using Pratt's 
approximationn method for the binomial distribution. 
Thee dashed line ( ) represents the 90th percentile for the distribution of SSI rates in 
Unitedd States hospitals participating in the NNIS system (see: CDC NNIS System. National 
Nosocomiall  Infections Surveillance (NNIS) report, data summary from October 1996-April 
1997,, issued May 1997. Am J Infect Control 1997;25:477-87). The 90th percentile is 1.27 
forr risk category 0 and 5.58 for risk category 2. 
Thee NNIS risk index for cholecystectomy is calculated as follows: 0 if the NNIS risk index 
iss 0; 1 if the NNIS risk index is 1 and a laparoscopic procedure is performed; 2 if the NNIS 
riskk index is 1 and an open procedure is performed or if the NNIS risk index is 2 or 3 and a 
laparoscopicc procedure is performed; 3 if the NNIS risk index is 2 or 3 and an open proce-
duree is performed (see: CDC NNIS System. National Nosocomial Infections Surveillance 
(NNIS)) report, data summary from October 1996-April 1997, issued May 1997. Am J 
Infectt Control 1997;25:477-87). 

Figuree 7.2 Cumulative Distributio n of Procedure-Specific Length of Surgery in 
Hospitalss in Hungary. 

Boxplotss of the distribution of procedure duration (in minutes) indicate the following: the 
solidd square ( | | ) represents the 50lh percentile (median). The upper and lower bounds of 
thee open vertical rectangle ( ) represent the 75th and 25th percentiles, respectively. The 
upperr and lower bounds of the lines extending above and below the open vertical rectangle 
representt the 90th and 10th percentiles, respectively. 
Thee asterisk (*) indicates the 75(h percentile for the distribution of procedure duration (in 
minutes)) for hospitals in the United States participating in the NNIS system (see: Culver 
DH,, Horan TC, Caynes RÏJ et al. Surgical wound infection rates by wound class, operative 
procedure,, and patient risk index. Am J iMed 1991 ;91 Suppl 3B:152S-7S). 
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Figur ee 7.2 
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