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Summary

Despite its potential for use in large-scale analyses, previous attempts to utilize administrative data to
identify healthcare-associated infections (HAI) have been shown to be unsuccessful. In this study, we
validate the accuracy of a novel method of HAI identification based on antibiotic utilization patterns
derived from administrative data. We contemporaneously and independently identified HAls using both
chart review analysis and our method from 4 Japanese hospitals (n=584). The accuracy of our method
was quantified using sensitivity, specificity, positive predictive value (PPV) and negative predictive value
(NPV) relative to chart review analysis. We also analyzed the inter-rater agreement between both
identification methods using Cohen’s kappa coefficient. Our method showed a sensitivity of 0.93 (95%
CI: 0.87~0.96), specificity of 0.91 (95% CI: 0.89~0.94), PPV of 0.75 (95% CI: 0.68~0.81) and NPV of
0.98 (95% CI: 0.96~0.99). A kappa coefficient of 0.78 indicated a relatively high level of agreement
between the two methods. Our results show that our method has sufficient validity for identification of
HAIs in large groups of patients, though the relatively lower PPV may imply limited utilization in the
pinpointing of individual infections. Our method may have applications in large-scale HAI identification,
risk-adjusted multi-center studies involving cost of illness, or even as the starting point of future

cost-effectiveness analyses of HAI control measures.

Keywords: cross infections, administrative data, kappa coefficient, Japan, antibiotic prophylaxis
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Introduction

In addition to a substantial impact on the morbidity and mortality of patients, healthcare-associated
infections (HAISs) are also associated with increased socioeconomic burdens'>. The Centers for Disease
Control and Prevention (CDC) has estimated 99,000 HAlI-related deaths per year in American hospitals

alone®.

While the complete eradication of HAISs is an unrealistic goal, reducing preventable HAIs in hospitals
would improve clinical outcomes, reduce potentially preventable medical resource utilization, as well as
relieve economic burdens to patients, 3™ party payers, and healthcare providers. As patient safety and
healthcare quality continue to move further into the spotlight, the ability to control HAI incidence may

also provide a competitive edge for a hospital.

The methods used thus far for HAI identification in primary research may generally be categorized by the
utilization of either clinical data or administrative data. For studies based on clinical data, researchers
utilize patient charts or surveillance-based analyses, and therefore have access to highly detailed
information. However, the labor-intensiveness associated with conducting chart reviews may place

practical restrictions on the number of cases to be studied, thereby potentially limiting sample size.

In the case of administrative data, researchers use hospital discharge information to identify infections as
reported by hospitals. In contrast to clinical data, the use of administrative data potentially increases
sample sizes due to lower labor-intensiveness, and makes multi-institutional studies easier to conduct.
This allows for inter-hospital comparisons of indicators such as length of hospital stay while adjusting for
variations in patient and hospital characteristics, and the results of each hospital can be interpreted in the

context of other hospitals.

HAIs are identified using administrative data through the reporting of International Classification of
Diseases (ICD) codes indicative of HAIs. However, previous studies™ including results from our own
work®'? have shown that the use of ICD codes in administrative data is woefully inadequate for HAI

identification.
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[f these inadequacies are sufficiently addressed, the use of administrative data for HAI identification may
have applications in analyzing HAI burden from the hospital level to regional and even national levels.
Post-identification downstream studies such as cost-of-illness analyses may also be conducted on a large

scale.

Japanese administrative data includes claims data based on a national fee schedule'’, as well as
information on procedures, comorbidities, as well as type, dosage and duration of antibiotics and other
medications on a daily basis. Furthermore, the use of a nationally standardized hospital reimbursement
system indicates that administrative data is produced in a uniform format, and this provides a convenient
framework for the simultaneous study of multiple hospitals. Using this in-depth information on the
utilization patterns of each patient during their hospital stay may allow us to identify cases where
antibiotic utilization deviates from standardized antibiotic prophylaxis, thereby indicating the possibility

of an infection.

However, variations in antibiotic prophylaxis durations within and between healthcare institutions have
been shown to exist, with some hospitals adhering strictly to guidelines that advocate the minimal dosage
for antibiotics, and other hospitals that exhibit a lesser degree of standardization'?. As such, any attempts
at identification of HAIs through antibiotic patterns must account for these variations in both prophylactic

and non-prophylactic utilization.

In our research, we have developed a method for identifying HAISs using, in addition to the reported ICD
codes in administrative data, antibiotic utilization patterns that signify HAIs. This technique was applied
to a sample population of 1,058 gastrectomy patients from 10 hospitals, and resulted in the identification
of an HAI incidence of 20.3%’. However, the accuracy of our HAI identification method has yet to be

validated.

As such, the objective of this study was to validate the accuracy of our novel HAI identification method.
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Methods
This study was a retrospective study using data from gastric cancer patients admitted to four Japanese
hospitals for the purpose of gastrectomy. This study was approved by the Kyoto University Graduate

School and Faculty of Medicine Ethics Committee (Registration Number E553).

The reliability of our HAI identification method was assessed using sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV) relative to a contemporaneous chart review
conducted on the same sample. Additionally, we have included Cohen’s kappa coefficient' and
prevalence-adjusted and bias-adjusted kappa (PABAK) 1 t0 analyze inter-rater agreement between the

two different methods.

Sample size selection
The number of subjects required for this study to detect a statistically-significant kappa of 0.70 (P<0.05)
at 0.10 proportion of positive ratings, a 2-tailed test null value of 0.50, and 90% power was calculated to

be 509'1°,

Sample:

Our study originally comprised of 590 patients who underwent scheduled gastrectomies (both total and
partial) due to gastric cancer from four Japanese hospitals from 2005 to 2009. After employing the
exclusion criteria as described below, the actual number of patients used in analysis was 584. Candidate
hospitals were recruited from participating hospitals enrolled in the Quality Indicator/Improvement
Project (QIP); a program administrated by the Department of Healthcare Economics and Quality
Management, Kyoto University, in which participant hospitals voluntarily provide clinical and claims

data for analyses. The four hospitals used in this study were designated A to D.

Exclusion Criteria
Patients were excluded from analysis if they were minors below 20 years of age, had other surgical
procedures before gastrectomy was performed, or were given antibiotics within 48 hours of admission

(indicating possible community-acquired infections).

-6-



HAI Identification based on Chart Review

Both electronic and paper-based records from each of the four hospitals were analyzed. Using criteria
developed by the Centers for Disease Control and Prevention (CDC)'’, HAIs were identified and
categorized into infections of the urinary tract, surgical site, bloodstream, bone and joint, central nervous
system, cardiovascular system, eye, ear, nose, throat or mouth, gastrointestinal system, lower respiratory
tract, reproductive tract, skin and soft tissue, systemic infections and pneumonia. The CDC criteria for
HALI identification were compiled into a standardized data collection and evaluation form that was used
by all analysts involved in this chart review. Cases with uncertainties were discussed prior to

decision-making.

HAI Identification based on Antibiotic Utilization

In addition to the clinical information obtained from the chart review, we recorded the daily antibiotic
utilization and ICD-10 codes for each patient. Patients were then identified as having HAISs if the reported
ICD codes indicated that an infection had occurred®. Patients were also identified if they fell into any of
the following categories: (1) Antibiotic utilization episodes beginning from the day of gastrectomy that
had durations longer than the modal duration for the hospital where the case was based; (2) Three or more
antibiotic types used within a single episode of antibiotic utilization; (3) Antibiotic types changed or a 2™
antibiotic type added midway during a single antibiotic utilization episode; and (4) Antibiotic utilization

episodes unrelated to surgical procedures with durations greater than 4 days.

Criteria (1) to (3) were designed to provide a certain degree of flexibility with respect to variations in
prophylactic antibiotic utilization patterns, while criterion (4) was designed to allow for cases where the

prescribing physician ordered antibiotics for a suspected but unconfirmed infection.

Accuracy Analysis of New HAI Identification Method
The accuracy of our HAI identification method was then analyzed using sensitivity, specificity, PPV and

NPV.
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Furthermore, while the detailed clinical information available in patient charts would theoretically
provide an infallible HAI identification method, the accuracy of identification is completely dependent on
the quality of data in the patient charts. Therefore, although a chart review may represent a gold standard
for HAI identification, its status as such is based on a clinical, and not a statistical, judgment. We have
thus included estimates of Cohen’s kappa coefficient as well as PABAK in this analysis. Kappa
coefficients are conventionally used to analyze the inter-rater agreement between two unreliable raters,
and as such the inclusion of these indicators provides insight into the comparative agreement between
both methodologies. We calculated these based on the methods as stipulated by Cohen (1960) ** and Byrt

etal (1993) .

Results

Hospital and Patient Characteristics

The four hospitals used in this study included two public hospitals and two private hospitals from the
Kansai region in Japan, and had a mean capacity of 620 acute care beds (range 380 ~ 902 beds). The
mean age of the patients in our sample was 68.2 years at the point of admission, and ranged from 26 to 94

years. Males formed the majority of the patients, comprising 69.3% of the sample.

Infection Incidence

[Figure I should be placed here]

As shown in Figure 1, HAI incidence as identified by chart review under CDC-based criteria was 21.6%
in total, with an inter-hospital range of 15.0% to 29.1%. The majority of these infections were surgical
site infections (comprising 41.6% of the total), followed by bloodstream infections (22.0%). Urinary tract
infections, gastrointestinal tract infections and pneumonia had similar incidences at approximately
11.4%~13.6% of HAIs. Other HAIs identified were skin infections, infectious hepatitis, and respiratory

tract infections.

[Table I should be placed here]



Table I shows the details of HAI statuses as identified by both methods at the hospital levels and in total.
Of 584 patients, 117 were identified by both methods as having had an infection, and 419 patients who
had no infections during their hospitalization. It was observed that there was a tendency for more patients
to be identified as infected by the administrative data method alone (“false positives™) than by the chart
review method alone (“false negatives”). The observed agreement between HAls identified using our

method and those identified by chart review was 91% (hospital range: 90% to 93%).

[Table II should be placed here]

An example of a case in which both methods have independently identified the presence of an infection
(true positive) is provided in Table II. In this patient, our method of HAI identification showed that the
antibiotic utilization patterns obtained from administrative data fulfilled two of the four infection
identification criteria as outlined above. As fulfillment of a single criteria would constitute a positive
infection status, this patient was flagged as infected. This evaluation proved to be correct as the patient
was also positively identified as having a surgical site infection due to methicillin-resistant
Staphylococcus aureus (MRSA), as revealed in laboratory cultures of the central venous catheter tip and

drainage from the surgical site occurring within 30 days of the surgical procedure.

Sensitivity, Specificity, PPV and NPV

[Table Il should be placed here]

Table 111 shows the sensitivity, specificity, PPV and NPV of our method of HAI identification when
compared to using chart reviews for identification. The overall sensitivity and specificity of our method
of HAI identification were 0.93 (95% CI: 0.87~0.96) and 0.91 (95% CI: 0.89~0.94), respectively. The
overall NPV was 0.98 (95% CI: 0.96~0.99), while the overall PPV were slightly lower at 0.75 (95% CIL:

0.68~0.81).
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Cohen's Kappa coefficient and PABAK
The overall Cohen’s kappa coefficient was calculated to be 0.78 (95% CI: 0.72~0.84; hospital range from
0.74 to 0.80). The overall bias index was low at 0.05 and prevalence index moderate at 0.51. After

adjusting for prevalence and bias, PABAK was calculated to be 0.84 (95% CI: 0.78~0.90).

Discussion

In this study, we utilized chart review analysis as well as a method based on administrative data to
contemporaneously identify HAISs in patients who underwent gastrectomy from four Japanese hospitals,
In order to test the validity of our administrative data method, we calculated the sensitivity, specificity,
PPV and NPV of the method relative to that of chart review analysis. Additionally, we analyzed the
degree of non-random agreement between both methods through the use of Cohen’s Kappa coefficient

and PABAK.

We designed this identification method using antibiotic utilization data in response to a need for a more
accurate method of identifying HAIs from administrative data’®. As further proof of the inadequacy of
using only hospital-reported ICD codes to identify HAIs, our current sample of hospitals reported 2 out of

a possible 126 chart review-identified HAIs, or only 1.6% of the infections (authors’ unpublished data).

The calculated sensitivity, specificity, PPV and NPV of our method of HAI were high, with particularly
high values observed for sensitivity, specificity and NPV. The sensitivity and specificity values showed
that our series of criteria using administrative data have a high probability of correctly identifying both
cases and non-infected patients. The NPV was observed to be markedly higher than the PPV, at 0.98
compared to 0.75. It is possible that in addition to the presence of false positives, the relatively lower

prevalence of HAI incidence may have influenced the lower PPV.

The relatively low PPV may preclude the use of our HAI identification method at the individual patient
level. It should, however be noted, that the purpose of our method was not to identify infections at this
level, but instead to elucidate HAI incidences and proportions in large groups of patients. As such, this

method would not be likely to have any applications in prospective infection surveillance, nor would it
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influence the clinical treatment of a single patient. It would instead be more useful in retrospective
analyses, in which the risk-adjusted economic or clinical impact of infections or the effects of infection
control measures can be evaluated. Furthermore, as greater efforts to reduce unnecessary antibiotic
utilization in Japan are made, these utilization patterns would become more standardized, thereby

resulting in fewer false positives and increasing the PPV of our identification method.

Prior to accounting for random agreement between the two methods, the observed agreement was high at
0.91. Using the scale of interpretation provided by Landis & Koch, the overall kappa coefficient of 0.78
implies a “substantial” agreement, and in fact close to the “almost perfect” range'®. According to Fleiss’
method of interpretation, a kappa coefficient above 0.75 may be interpreted as having “excellent

agreement beyond chance”"?

. After adjusting for prevalence and bias, PABAK was found to be 0.84.
According to Byrt, this PABAK score indicates “very good agreement””, We had included PABAK in
order to address the possible difficulties associated with the interpretation of Cohen’s Kappa by itself**
2123 However, care should also be taken in the interpretation of PABAK as a realistic indicator of the
situation®, as PABAK essentially assumes no bias and a prevalence of 50%, which would be extremely

rare in any disease condition. Despite this, we found that Cohen’s Kappa coefficient and PABAK for our

study were not drastically different, suggesting that the former was relatively robust.

While Cohen’s kappa coefficient and PABAK may not be direct indicators of the accuracy of our HAI
identification method, they provide an alternate perspective into the degree of non-random agreement
between the two methods. Our major indicators of accuracy (sensitivity, specificity, PPV and NPV) are
based on the assumption that chart reviews are a comprehensive database, and that the CDC criteria are
able to identify all infections. While there is no pressing evidence to suggest otherwise, the inclusion of
these coefficients shows that even in a situation where chart reviews may misidentify the infection status
of some patients, the high level of non-random inter-rater agreement between both methodologies

supports the relative accuracy of our method.

As our criteria were based on antibiotic utilization patterns, inappropriate utilization in non-infected

patients that extends beyond the parameters in our criteria would result in a false positive. While our HAI

-11-
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