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SUMMARY 

This paper reports on the progress in the research and development of the set of patient safety 
indicators developed by the Health Care Quality Indicators project. The indicators presented here have 
been recommended by an expert group for further consideration in international reporting on the quality of 
care on the key dimension of safety. The indicators have been selected by expert consensus, undergone 
validity testing and have been tested for comparability. While concern remains related to differences in 
coding and reporting from administrative hospital databases, the rigour with which the indicator work has 
been undertaken has resulted in the improved ability of countries to report on the quality of care. The work 
on the development of the patient safety indicators highlights the technical progress made in constructing 
measures and the ongoing need for methodological improvements. The indicators reported here should not 
be considered as making inferences on the state of patient safety in countries, but are intended to raise 
questions towards improving understanding of the reported differences.  

 

RÉSUMÉ 

Ce document présente l’état d’avancement de la recherche et du développement d’un ensemble 
d’indicateurs en matière de sécurité des patients dans le cadre du projet sur les indicateurs de la qualité des 
soins (HCQI). Un groupe d’experts a recommandé l’utilisation des indicateurs présentés ici pour les 
comparaisons internationales sur une dimension clé de la qualité des soins : la sécurité.  Les indicateurs ont 
été sélectionnés par un consensus d’experts, leur validité et leur comparabilité ont été testées.  Bien qu’il 
reste quelques problèmes quant aux différences de codage et de déclaration venant des bases de données 
administratives hospitalières, la rigueur du travail sur les indicateurs a permis d’améliorer la capacité des 
pays à rendre compte de la qualité des soins. Le développement des indicateurs de la sécurité des patients 
met l’accent sur les progrès techniques réalisés dans la construction de mesures et le besoin récurrent 
d’améliorer la méthodologie. Les indicateurs présentés ici ne doivent pas donner lieu à des conclusions 
quant à la situation de la sécurité des patients dans les pays, mais visent plutôt à poser des questions pour 
une meilleure compréhension des différences observées. 
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INTRODUCTION 

Background 

1. The OECD HCQI project identified patient safety as one of the priority areas for internationally 
comparable quality indicators. Government officials, national experts, academic researchers from 
participating countries, and the Secretariat have collaborated in the selection, data collection and validation 
of the recommended indicators. An extended discussion is presented here outlining the research and 
development for the seven proposed and agreed-upon indicators.  

Box 1. History of the patient safety indicators project 

In 2004, the OECD Health Care Quality Indicators Project identified patient safety as one of the five core 
priority areas for the development of quality indicators (along with cardiac care, primary care, mental 
health care and diabetes care). Using a structured review process, including a comprehensive literature 
review, clinician panel review, risk adjustment and empirical analysis, an expert panel selected, 
evaluated and recommended a set of patient safety indicators for comprehensiveness and cohesiveness 
across the five domains of patient safety: hospital-acquired infections; operative and postoperative 
complications; sentinel events1; obstetrics; and other care-related adverse events. From a total of 59 
identified possible indicators, a group of 21 indicators was agreed upon based on their importance and 
scientific soundness (Millar et al, 2004).  

In 2006, the first patient safety subgroup expert meeting met to discuss and evaluate the current state of 
patient safety data systems in OECD countries and potential areas of improvement in order to obtain 
reliable data for the proposed measures. Adverse events that occur rarely were identified as being 
somewhat outside the standardised data collection systems. National systems of coding patient safety 
were identified in OECD countries, although differing versions and adaptations employed in hospital 
administrative databases were recognised as a key area of development for international data 
comparability. One of the main outcomes of the meeting was the decision to develop an ICD crosswalk 
across versions of coding for international harmonisation of data comparability. 

A comprehensive technical manual was developed to support the calculation of the 15 patient safety 
indicators to be collected in national hospital administrative databases. For each of the indicators, the 
manual provided detailed definitions of the indicators, coding and calculation processes, and a crosswalk 
from ICD 9 to ICD 10 coding (Drösler, 2008). 

                                                      
1 While all patient safety indicators refer to events that should occur rarely, sentinel events (including 

foreign body left in during procedure, transfusion reaction, wrong site surgery, etc.) are those that in theory 
and practice should never happen and thus whose occurrence should stand as a signal for immediate 
investigation.  



DELSA/HEA/WD/HWP(2009)5 

 7

Three years of data collection, indicator development and methodology testing (2007-2009) have 
included a total participation from 21 countries (Table 1), with monthly teleconference meetings to refine 
definitions and methodology and yearly meetings of the patient safety expert subgroup to evaluate the 
validity of the methodology, data reliability and development of the data set. The 2009 data collection 
included a revised technical manual for the calculation of the indicators reflecting refinements and 
improvements in the methodology (see the Annex).  

The long-term objective of the Health Care Quality Indicators project remains to develop a set of 
internationally comparable indicators that can then be used to raise questions for further exploration of 
the underlying reasons as to why these differences exist across and within countries. The patient safety 
indicators (as part of the larger set of quality indicators) represent measures selected for their importance 
- affect on health, policy relevance and susceptibility to influence by the health care system - and 
scientific soundness - face validity, content validity and reliability (Mattke et al., 2006). 

2. Patient Safety Indicators (PSIs) originally published by the US Agency for Healthcare Research 
and Quality (AHRQ) have been evaluated to explore the potential of international comparison for patient 
safety and public reporting. Preliminary pilot studies among seven OECD member countries in 2007 
(Drösler et al, 2009), and sixteen countries in 2008 showed the feasibility of the method. Countries were 
able to calculate most of the PSIs using their administrative hospital databases. Pilot results demonstrated 
that relative PSI rates appeared to be highly correlated across countries, although some countries had much 
lower rates for all PSIs than others. 

3. The objectives of the PSI development work are: 

1) To investigate the validity of the PSI rates of participating countries.  

2) To evaluate the potential impacts on country-specific PSI rates of variation in the distribution of 
age and gender, length of hospital stay and diagnoses coding practices. 

Participating countries 

4. During the first three years of indicator development, the following countries (Table 1) 
participated in the data collection, validity testing and evaluation of the patient safety indicators. 
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Table 1. Countries participating in the development of the patient safety indicators 

 2007 2008 2009 

Australia X   

Belgium  X X 

Canada X X X 

Denmark  X X 

Finland  X X 

France  X X 

Germany X X X 

Iceland   X 

Italy  X X 

Ireland   X 

Latvia   X 

Netherlands  X  

New Zealand  X X 

Norway  X X 

Portugal  X X 

Singapore  X X 

Spain X X X 

Sweden X X X 

Switzerland   X 

United Kingdom X X X 

United States X X X 

Methodology 

5. A set of 15 patient safety indicators was initially selected for development in 2007. Of these, 
seven were determined to be ready for data collection and analysis, based on the decision of the OECD’s 
Patient Safety Expert Subgroup in October 2008 (Table 2).  The other eight indicators either rely on 
procedure codes that proved difficult to map across countries (e.g., postoperative respiratory failure, 
iatrogenic pneumothorax), or they were found to have limited validity in North American studies that 
distinguished conditions present on admission from hospital-acquired complications (e.g., complications of 
anaesthesia, decubitus ulcer, postoperative hip fracture). 
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Table 2: List of patient safety indicators evaluated 

Area Indicator name AHRQ 
PSI 

Recommended 
for ongoing 
evaluation 

Hospital-acquired 
infections 

Catheter-related bloodstream infection PSI 7 X 

Decubitus ulcer PSI 3  

Operative and post-
operative 
complications 

Complications of anaesthesia PSI 1  

Postoperative hip fracture PSI 8  

Postoperative pulmonary embolism (PE) or deep vein 
thrombosis (DVT) PSI 12 X 

Postoperative sepsis PSI 13 X 

Accidental puncture or laceration PSI 15 X 

Postoperative respiratory failure PSI 11  

Iatrogenic pneumothorax PSI 6  

Sentinel events 
Transfusion reaction PSI 16  

Foreign body left in during procedure PSI 5 X 

Obstetrics 

Birth trauma - injury to neonate PSI 17  

Obstetric trauma – vaginal delivery with instrument PSI 18 X 

Obstetric trauma – vaginal delivery without instrument PSI 19 X 

Obstetric trauma - caesarean section PSI 20  

6. An OECD calculation manual was provided (Annex), which adopted the PSI definitions as 
published by AHRQ (AHRQ, 2007) for most of the indicators. In addition, the manual provided 
internationally harmonised code lists in ICD-10 (Quan, 2008) as more than half of the participating 
countries use ICD-10 (Table 3). Countries were asked to complete an accompanying questionnaire to 
provide information on the databases and related data collection procedures. 

7. Patent safety indicators are largely constructed from secondary diagnoses. The calculation of the 
numerator builds on secondary diagnosis for most of the indicators. The indicator definitions refer to 
conditions produced post admission. 

8. Nineteen countries performed PSI calculations and delivered their results between February and 
June 2009. Table 3 shows some key country-related information derived from the questionnaires. Most of 
the participating countries use a hospital reimbursement system based on Diagnosis Related Groups 
(DRGs). This information is important as DRGs are based on coded health information. The use of coded 
health data for reimbursement creates incentives for accurate and complete documentation. However, 
although many countries use a DRG-based reimbursement system, the mean number of secondary 
diagnoses among eligible cases varied substantially between 0.87 (Italy, postoperative sepsis – PSI 15) and 
7.02 (Belgium, accidental puncture or laceration – PSI 13). Finland reported relatively few secondary 
diagnoses (0.47) in the 2008 PSI calculation pilot but did not provide any information on the number of 
secondary diagnoses in 2009. Iceland and Latvia provided only obstetric indicators from registry data, so 
the number of secondary diagnoses is not relevant for these countries. 
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Table 3. Country-related key information on medical classifications, 
documentation and reimbursement 

Country Year Diagnosis 
classification 

Procedure 
classification 

Mean number of 
secondary 
diagnoses, 

derived from  

PSI 5 

DRG 
reimbursement 

Belgium 2006 ICD-9 CM  ICD-9 CM 6.72 Yes 

Canada  2007 ICD-10 CA CCI 3.11 Yes 

Denmark  2008 ICD-10 NOMESCO 2.41 Yes 

Finland  2007 ICD-10 NOMESCO  NA Yes 

France 2007 ICD-10 CCAM NA Yes 

Germany 2007 ICD-10 GM (2007) OPS 2007 5.31 Yes 

Iceland 2007 ICD-10 NOMESCO NA Yes 

Ireland 2007 
ICD-10 AM 4th 
Edition ACHI 2.57 Yes 

Italy 2007 ICD-9 CM (1997) ICD-9 CM 1.50 Yes 

Latvia 2007  NA  NA NA NA 

New Zealand 2007 ICD-10 AM  ACHI 3.93 Yes 

Norway 2007 ICD-10 NOMESCO  1.90 Yes 

Portugal 2007 ICD-9 CM  ICD-9 CM NA Yes 

Singapore 2007 ICD-9-AM ICD-9-AM 3.89 Yes 

Spain 2007 
ICD-9 CM V22 
(2004) ICD-9 CM 3.71 No 1 

Sweden 2 2007 NA NA 2.50 NA 

Switzerland 2007  ICD-10 WHO 1.3 CHOP (ICD-9-CM) 3.03 Yes (partially) 

United Kingdom 2007 ICD-10 OPCS 4.3 2.72 Yes 

United States 2006 ICD-9 CM  ICD-9 CM 6.02 Yes 

 

1. Reported that a DRG hospital payment system was in use for 2008 pilot. 

2. From earlier data collections in 2007 and 2008, Sweden uses ICD-10, NOMESCO and a DRG system in some 
parts of the country. 
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9. The number of cases included from each participating country can be approximated by the 
denominator of PSI 5 (foreign body left in during procedure). The eligible population for this indicator 
includes nearly all adult medical and surgical cases (Table 4). A comparison to the hospital discharge 
numbers reported by the OECD (2009) suggests that most countries used their complete administrative 
database for PSI calculation with the observed differences largely due to the exclusion of paediatric and 
obstetric patients from the denominator of PSI 5. Three countries (e.g. Germany, USA, and Sweden) used a 
sample for calculating their PSI rates. Only Denmark reported a slightly higher count in the PSI 
denominator than the total number of hospital discharges, presumably because these data come from 2008 
and 2007, respectively. 

Table 4. Country-related information on discharge numbers and average length of stay 

Country 
Denominator 

population PSI 5 (in 
millions) 

Estimated annual 
hospital discharges 
(in millions, 2007) 

Average length of 
stay (denominator 

PSI 5) 

Average length of 
stay (2007) 

Belgium 1.52 1.83 1 8.55 7.2 1 

Canada 1.52 2.75 1 8.14 7.3 

Denmark 1.00 0.93 4.49 3.5 2 

Finland 0.94 1.00 3.60 4.6 

Germany   1.27 3 18.67 8.76 7.8 

Ireland 0.46 0.60 7.30 5.9 1 

Italy 7.25 8.11 1 8.34 6.7 1 

New Zealand 0.43 0.59 5.51 NA 

Norway 0.62 0.82 5.30 5.0 

Portugal NA 1.15 NA 6.8 

Singapore 0.24    0.43 5 5.91 NA 

Spain 3.29 4.78 7.73 6.6 1 

Sweden 1.26 3 1.51 5.05 4.5 

Switzerland 0.93 1.26 8.25 7.8 

United Kingdom 6.68 7.32 NA 7.2 

United States 32.81 4 37.74 2 4.79   5.5 6 

1. 2006. 

2. 2005.  

3. PSI calculations are based on a 10% representative sample of the entire population of hospital discharges. 

4. PSI calculations are based on a 20% representative sample of US hospital discharges, extrapolated to the total 
population. 

5. www.moh.gov.sg 

6. When the same data set (Nationwide Inpatient Sample) from which PSI rates were derived was also used to 
estimate mean length of stay in the USA, the value was 4.6 days. 

Source: OECD Health Data 2009 (for estimated annual hospital discharges and average length of stay) 
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10. A comparison of mean length of stay between the PSI calculation data and annually reported 
OECD data on health care activities shows concordance for most countries. It is expected that the average 
length of stay is longer among the denominator cases of PSI 5 than the corresponding average extracted 
from OECD Health Data, as children are excluded from the denominator population of PSI 5. Only Finland 
and USA report a shorter average length of stay in their PSI 5 data than the data they have submitted for 
OECD Health Data. This discrepancy for the USA is likely due to the use of a different data source for 
annual reporting to OECD on average length of stay (i.e. the American Hospital Associations voluntary 
annual survey of hospitals). 

Validity 

11. Applying general concepts of validation to the field of patient safety measurement, several 
potential domains of validity can be identified. Some of these domains are easier to evaluate than others; 
unfortunately, the most challenging domains to evaluate are often the most useful for those who wish to 
understand the meaning of the data.  

12. Content validity addresses the extent to which the content of a measure is consistent with 
professional knowledge about health care quality and the outcomes of high-quality care. Consensual 
validation is the most rigorous approach for assessing the content validity of health care quality indicators, 
because it requires agreement or near-consensus among professionals from different disciplines, different 
regions, and different practice environments. Ideally, the expert panels convened for consensual validation 
represent all of the disciplines involved in treating the condition(s) of interest, include at least 8-10 
members, and discuss all of the relevant evidence supporting use of the quality indicator.  

13. Construct validity addresses the extent to which one purported measure of quality is correlated 
with other measures with which a high correlation would be expected, according to the conceptual 
framework underlying quality improvement research. The most common application of this approach, 
known as convergent validity, is to estimate correlations between measures of the process of care and 
measures of the outcomes of that care. Process measures include both implicit assessments, in which health 
professionals review available documents or other evidence to formulate a global assessment of quality, 
and explicit assessments, which focus on specific evidence-based diagnostic tests or treatments. Explicit 
process measures are typically preferred, because they are often (but not always) based on randomised 
controlled trials, which are relatively immune to bias from unmeasured confounders. Another approach to 
construct validation is to study associations between outcome measures and structural indicators, such as 
nurse staffing levels and skill mix, which have previously been shown to represent markers of quality. 
Finally, some authors test the construct that any meaningful adverse outcome should be associated with 
other adverse outcomes. Applied to patient safety measurement, this construct suggests that in-hospital 
adverse events should be associated with subsequent mortality, re-admissions, prolonged length of stay, 
and long-term disability.  

14. Criterion validity addresses the extent to which one purported measure of quality is correlated 
with other, better measures of the same phenomenon. It implies the existence of a “gold standard” that can 
be used to evaluate less costly – and presumably less accurate – measurement methods. Applied to patient 
safety measurement, this approach typically involves comparing indicators based on routinely collected 
administrative data with indicators of the same outcomes based on more complex linked data, in-depth 
medical record review, physician/nurse interview, patient interview, or even direct observation. Criterion 
validity may represent the strongest validation approach, but its applicability is often limited by the lack of 
an accepted “gold standard”. 
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Discussion of the recommended indicators 

15. Charts in the following sections do not contain all data displayed in Table 6 (detailed results 
section below) due to validity concerns. Analysis of data quality revealed documentation patterns with the 
data that may indicate that some rates from some countries may not have been appropriate for PSI 
calculation. Even for rare events, zero rates are considered implausible for patient safety events (except 
sentinel events).  

Catheter-related bloodstream infection 

Validity 
 
16. Rationale and concerns. As nosocomial infections are often preventable (Eggimann et al., 2000), 
the occurrence of infections in the course of medical care is an important measure of the quality of care. 
The indicator catheter-related bloodstream infection is supposed to flag cases with a hospital-acquired 
infection caused by intravenous lines or catheters. Infections related to medical care can be a very serious 
problem, leading to death in some cases. Often patients experience pain and others discomfort. Currently, 
WHO Patient Safety promotes the campaign “Clean Care is Safer Care” as it is proven that proper hand 
hygiene reduces the incidence of catheter-related bloodstream infections (WHO, 2009).  

17. Content (consensual) validity. Content validity was addressed in the technical report 
accompanying the original release of the AHRQ PSIs (AHRQ, 2007). Although panellists’ ratings of the 
“usefulness” of each candidate indicator were used to select the final PSI set, panellists were also asked to 
rate each indicator on its preventability and its likelihood of being due to medical error. The median rating 
of this indicator was 7, with indeterminate agreement, on the former dimension, leading to a classification 
of “acceptable”. The median rating was 6, with indeterminate agreement, on the latter dimension, leading 
to a classification of “unclear”. Through similar processes, this PSI was endorsed by the OECD Patient 
Safety Panel (Millar et al., 2004), but rejected by the SimPatIE (Safety Improvement for Patients in 
Europe) project as “not suitable for implementation” due to potential casemix bias (Kristensen et al., 
2009). A 47-member Delphi panel convened by RAND rated this indicator “low” in importance, although 
an otherwise identical indicator based on clinical data was rated “moderate” in importance and “close to 
ready for use” (Farley et al., 2008). 

18. Construct (convergent, predictive) validity. This indicator rates very highly on predictive validity. 
Cases from the US Nationwide Inpatient Sample (NIS) that were flagged by this PSI in 2000 had 4.3% 
excess mortality, 9.6 days of excess hospitalisation, and $38 700 in excess hospital charges, relative to 
carefully matched controls that were not flagged (Zhan and Miller, 2003). This finding was confirmed in 
the Veterans Affairs (VA) hospital system, where cases that were flagged by this PSI in 2001 had 2.7% 
excess mortality, 4.5-9.5 days of excess hospitalisation, and $7 292-13 816 in excess hospital costs, 
relative to carefully matched controls that were not flagged (Rivard et al., 2008). A more recent replication 
using 2007 data, corrected for infections that were reported as “present on admission”, estimated 16.1 
attributable hospital days and $33 118 in attributable hospital costs for the average case (Foster et al., 
2009). In a commercial claims database from 45 large employers in the USA, each event (aggregating this 
PSI with postoperative sepsis) was associated not just with 3.1% excess mortality, but also with 7.7% 
excess readmissions, which added $2 594 to the total attributable cost per event (Encinosa and Hellinger, 
2008). A case control analysis from England estimated excess mortality of 5.7% and 11.4 days of excess 
hospitalisation (Raleigh et al., 2008). Finally, the largest reported estimates of these impacts came from a 
study of children at 38 freestanding paediatric hospitals in the USA in 2006 (i.e., 22.4 hospital days, 
$172 484 in hospital charges) (Kronman et al., 2008).  
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19. In a study testing construct validity using an implicit process measure of quality (Miller et al., 
2005), smoothed rates of this PSI among 2 116 hospitals surveyed by the Joint Commission in 1997-1999 
were not associated with summary evaluation scores (although a later study of 115 hospitals surveyed in 
2002 found a significant association with one patient safety practice subscore on “assessing patient needs”) 
(Thornlow and Merwin, 2009). Indeed, the occurrence of one or more events flagged by this indicator, 
among 3 594 hospitals that treated Medicare patients in the USA in 2003, was associated with better 
performance on process-of-care measures for three medical conditions and lower risk-adjusted mortality 
for five of six high-risk categories of patients (Isaac and Jha, 2008). Rates of this PSI were inversely 
associated with adoption of strategic information technology applications among 98 Florida hospitals 
(Menachemi et al., 2007), and with adoption of electronic medical record (EMR) systems among Medicare 
patients (Parente and McCullough 2009), but not among 66 Georgia hospitals (Culler et al., 2007). 

20. A correlational study based on the 1997-2002 Nationwide Inpatient Sample (USA) labelled this 
indicator as a “canary measure” because it was significantly and consistently associated with at least nine 
other AHRQ Patient Safety Indicators at the hospital level (Yao et al., 2009). For both Medicare and 
Veterans Health Administration patients, this indicator loaded strongly with two other PSIs (iatrogenic 
pneumothorax and postoperative DVT/PE) on a common factor (Rosen et al., 2009). Finally, this indicator 
was significantly associated with re-admission within three months (risk ratio= 1.29), but not within one 
month (risk ratio=1.00), after adjusting for patient characteristics using 2004 surgical data from seven US 
states (Friedman et al., 2009). Unadjusted data from England confirm the association between this PSI and 
re-admission (Bottle and Aylin, 2009). 

21. Although children aged less than 15 years were excluded from OECD analyses, data on the 
validity of this indicator in paediatric populations may still be relevant. Physicians participating in the 
National Association of Children’s Hospitals and Related Institutions’ (NACHRI) Pediatric PSI 
Collaborative reviewed 145 flagged events from 14 hospitals in 2003, using an online tool to assess 
implicit process of care, and judged 39% to be preventable and only 31% to be clearly non-preventable 
(Sedman et al., 2005; Scanlon et al., 2006). In a follow-up study of 2003-2005 data from 28 children’s 
hospitals (N=285 events), 11% were incorrectly coded and 43% of the remainder were present on 
admission; only 20-41% of all flagged events were judged to be preventable (Scanlon et al., 2008).  

22. Criterion validity. No evidence about the criterion validity of this indicator was available before 
its original release as an AHRQ indicator. It is now known that this indicator has a minor problem due to 
missing data about timing. Some US data sets now include a “flag” variable denoting whether each 
diagnosis was present at admission. The percentage of cases flagged by this PSI for whom the event was 
reported to be a complication of the hospital stay was 65% in California, 65% in New York, 60% in the 
Rochester, Minnesota area, and 36-44% at the University of Michigan (Houchens et al., 2008; Naessens et 
al., 2007; Bahl et al., 2008). Hospital-specific rates including infections reported as present on admission 
were moderately correlated with hospital-specific rates excluding such infections (r=0.91 in California, 
r=0.88 in New York), especially among coronary artery bypass surgery patients (r=0.99 in California) 
(Glance et al., 2008).  

23. The best recent evidence about the positive predictive value (PPV) of this indicator comes from 
the 47 hospitals participating in the AHRQ PSI Validation Pilot Project (N=191). In this study, 20% of the 
flagged events were present at admission, 21% lacked clear documentation of an eligible infection, and 4% 
had an unreported disqualifying comorbid condition (i.e., cancer, severe malnutrition, 
immunodeficiencies), leaving 55% that were confirmed as iatrogenic complications (Zrelak et al., 2009). 
All of the confirmed events were attributable to a vascular device, including central venous catheters 
(74%), peripheral venous catheters, and arterial catheters.  
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24. A similar review of medical records of 168 cases from 18 English NHS (National Health Service) 
trusts found that 6% of the flagged events were present at admission and 12% were miscoded, leaving 79% 
that were confirmed (Bottle and Aylin 2008). Finally, evidence from New York and New Zealand suggests 
that a significant number of true events may not be ascertained because they occur after hospital discharge; 
linking 30-day re-admissions in New York increased the overall rate of this PSI from 2.02 to 2.52 per 
1 000 eligible discharges; 56% of the post-discharge events were complications of haemodialysis 
(Gallagher et al., 2005a; Stevanovic 2009). One study from 24 US hospitals participating in a patient safety 
collaborative reported the sensitivity of this PSI as only 9% relative to case ascertainment using National 
Healthcare Safety Network protocols (N=89); PPV could not be evaluated due to the study design (Stone et 
al., 2007). 

25. In summary, recent evidence on construct validity and criterion validity is moderately supportive 
of this indicator. A recent change to the ICD-9-CM coding of catheter-associated infections (999.31 = 
“infection due to central venous catheter”) should enhance its criterion validity in countries that use ICD-9-
CM, by excluding most of the false positive cases captured by the previous definition. Based on limited 
information, underreporting is a serious concern. Risk adjustment is recommended for inter-provider 
comparisons (AHRQ, 2007) to ensure that variation due to different patient populations across institutions 
is removed. 

Findings 

26. Reported catheter-related bloodstream infection rates vary across participating OECD countries 
between 0.01 and 0.4% (Chart 1). Hospital-acquired infections occur far more often in male patients than 
in females in all countries. Direct adjustment for 5-year age-gender strata did not affect indicator rates or 
rankings across countries. A correlation between indicator rate and amount of documentation can be found 
for the indicator (Chart 2, Spearman r=0.912, p<0.0001). In Belgium and USA the mean number of 
secondary diagnoses is more than two times greater than in Denmark and Switzerland, which might 
explain elevated infection rates reported by these countries. Underreporting is likely for countries with low 
infection rates. The rates represented in the charts below have not been age-sex standardised or adjusted for 
secondary diagnoses or length of stay. 
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Chart 1. Catheter-related bloodstream infection rates, 2007 
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Chart 2. Catheter-related bloodstream infection rates and mean number of secondary diagnoses, 
2007 

BEL

CAN
CHE

DEU

DNK

ESP

GBR

IRL

NOR

NZL

PRT

SGP

SWE

USA

R² = 0.3818

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

ca
th

et
er

-r
el

at
ed

 b
lo

od
st

re
am

 in
fe

ct
io

n 
ra

te

mean number of secondary diagnoses
 

Note: Rates based on hospital administrative databases as reported by countries for the research and development work of the HCQI 
project.  



DELSA/HEA/WD/HWP(2009)5 

 17

Postoperative pulmonary embolism (PE) or deep vein thrombosis (DVT) 

Validity 

27. Rationale and concerns. The occurrence of postoperative PE/DVT can range from mild 
symptoms to devastating clinical consequences including pain, respiratory distress, and death. Regarding 
pulmonary embolism, the mortality rate is less than 8% when detected and correctly treated but about 30% 
when the condition is unrecognised and not treated (Olin, 2002). Because PE/DVT can cause unnecessary 
prolongation of hospital stays as well as unnecessary pain, suffering and death, this indicator has important 
financial and quality improvement implications. This adverse event can be prevented through the 
appropriate use of anticoagulants and other preventive measures; evidence based guidelines are available 
(Geerts et al., 2004). This indicator based on administrative hospital data was proposed in 1994 (Iezzoni et 
al., 1994) and subsequently further investigated (Miller et al., 2001). 

28. Content (consensual) validity. Content validity was addressed in the technical report 
accompanying the original release of the AHRQ PSIs. Although panellists’ ratings of the “usefulness” of 
each candidate indicator were used to select the final PSI set, panellists were also asked to rate each 
indicator on its preventability and its likelihood of being due to medical error. The median ratings of this 
indicator on the former dimension from two independent panels were 7 and 6, with indeterminate 
agreement and disagreement, respectively, leading to classifications of “acceptable” and “unclear”, 
respectively. The median ratings of this indicator on the latter dimension were 6 and 3, with indeterminate 
agreement, leading to classifications of “unclear” and “unacceptable”, respectively. 

29. Through similar processes, this PSI was endorsed by the OECD Patient Safety Panel (Millar et 
al., 2004) and the National Quality Forum (time-limited due to ICD-9-CM changes), but rejected by the 
SimPatIE (Safety Improvement for Patients in Europe) project as “not suitable for implementation” due to 
potential casemix bias (Kristensen et al., 2009). A 47-member Delphi panel convened by RAND rated this 
indicator “moderate” in importance, but lower on validity (i.e., median ratings 8 and 6, respectively) 
(Farley et al., 2008). Over diagnosis through increased ultrasound screening of high-risk but asymptomatic 
postoperative patients is an emerging concern (Haut et al., 2007). 

30. Construct (convergent, predictive) validity. This indicator rates very highly on predictive validity. 
Cases from the NIS that were flagged by this PSI had 6.6% excess mortality, 5.4 days of excess 
hospitalisation, and $21 700 in excess hospital charges, relative to carefully matched controls that were not 
flagged (Zhan and Miller, 2003). This finding was confirmed in the Veterans Affairs hospital system, 
where cases that were flagged by this PSI had 6.1% excess mortality, 4.5-5.5 days of excess 
hospitalisation, and $7 205-9 064 in excess hospital costs, relative to carefully matched controls that were 
not flagged (Rivard et al., 2008). A more recent replication using 2007 data, corrected for thromboses that 
were reported as “present on admission”, estimated 7.8 attributable hospital days and $18 331 in 
attributable hospital costs for the average case (Foster et al., 2009). 

31. In a study testing construct validity using an implicit process measure of quality (Miller et al., 
2005), smoothed rates of this PSI among 2 116 hospitals surveyed by the Joint Commission in 1997-1999 
were marginally (p=0.06) associated with summary evaluation scores, in the expected direction. In 
addition, hospitals with high smoothed rates of this PSI were less likely to receive favourable accreditation 
decisions than hospitals with lower rates. For both Medicare and Veterans Health Administration patients, 
this indicator loaded strongly with two other PSIs (iatrogenic pneumothorax and selected infections due to 
medical care) on a common factor (Rosen et al., 2009). Finally, this indicator was significantly associated 
with re-admission within either three months (risk ratio=1.28) or one month (risk ratio=1.25), after 
adjusting for patient characteristics using 2004 surgical data from seven US states (Friedman et al., 2009).  
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32. Although children aged less than 15 years were excluded from OECD analyses, data on the 
validity of this indicator in paediatric populations may still be relevant. Physicians participating in the 
NACHRI Pediatric PSI Collaborative reviewed 120 flagged events from 14 hospitals, using an online tool 
to assess implicit process of care, and judged only 28% to be preventable and 49% to be clearly non-
preventable (Sedman et al., 2005; Scanlon et al., 2006). As a result, this indicator was dropped from the 
AHRQ Pediatric Quality Indicator module. 

33. Historically, this indicator evolved from one of the “flags” in Iezzoni’s Complications Screening 
Program (CSP). Explicit process of care failures in the CSP validation study were relatively frequent 
among cases flagged on this indicator (72% of major surgery patients, 69% of medical patients), after 
excluding patients who had DVT/PE at admission, but unflagged controls were not evaluated on the same 
criteria (Iezzoni ., 1999). Major surgical cases flagged on this indicator and unflagged controls differed 
marginally (11% versus 4%, p=0.09) on a composite of 17 generic process criteria. Physician reviewers 
identified potential quality problems in 50% of major surgery patients and 20% of medical patients flagged 
on this indicator, versus 2% of unflagged controls for each risk group (Weingart et al., 2000).  

34. At least two older studies assessed the construct validity of the ICD-9-CM codes mapped to this 
PSI through correlation with structural measures of nurse staffing. Needleman and Buerhaus (Needleman 
et al., 2002) found that nurse staffing was independent of the occurrence of DVT/PE among both major 
surgical and medical patients from 799 hospitals in 11 states in 1997. However, Kovner and Gergen 
reported that among 506 community hospitals in the 1993 NIS, having more registered nurse hours and 
non-RN hours per adjusted patient day were both associated with a lower rate of DVT/PE after major 
surgery (Kovner and Gergen, 1998). Nurse staffing was not associated with the rate of DVT/PE after 
invasive vascular procedures. Rates of this PSI were marginally (p=0.06) associated with adoption of 
clinical information technology applications among 98 Florida hospitals (Menachemi et al., 2007), but 
were not associated with adoption of EMR systems among Medicare patients (Parente and McCullough, 
2009) or among 66 Georgia hospitals (Culler et al., 2007).  

35. Criterion validity. The original CSP definition of this PSI, which differed slightly from the 
current AHRQ definition, had an adequate confirmation rate among major surgical cases sampled from 
FY1994 Medicare inpatient claims from California and Connecticut (i.e., 59% according to coders, 70% 
according to physicians, 68% according to nurses who relied on physician documentation) (Lawthers et al., 
2000; Weingart et al., 2000; McCarthy et al., 2000). Several smaller, older studies also suggested adequate 
sensitivity and PPV of PE codes among surgical patients, although the sensitivity of DVT codes was 
notably poorer (Keeler et al., 1992; Romano et al., 2002; Hawker et al., 1997; Best et al., 2002). Based on 
these findings, AHRQ limited this PSI to surgical cases (defined using DRGs).  

36. One weakness of this indicator is its inability to distinguish thromboses that were present at 
admission from thromboses that developed during a hospital stay. Some US data sets now include a “flag” 
variable denoting whether each diagnosis was present at admission. The percentage of cases flagged by 
this PSI for whom the event was reported to be a complication of the hospital stay was only 46% in 
California, 43% in New York, 40% in the Rochester, Minnesota area, and 51-67% at the University of 
Michigan (Houchens et al., 2008; Naessens et al., 2007; Bahl et al., 2008). Hospital-specific rates 
including thromboses reported as present on admission were variably correlated with hospital-specific rates 
excluding such thromboses (r=0.80 in California, r=0.41 in New York), even among coronary artery 
bypass surgery patients (r=0.63 in California) (Glance et al., 2008).  

37. The best recent evidence about the PPV of this indicator comes from the 47 hospitals 
participating in the AHRQ PSI Validation Pilot project (N=155) and the 33 hospitals participating in a 
parallel benchmarking initiative by the University Health System Consortium (UHC, N=505). In this 
study, only 13% of the flagged events were present at admission and 8% lacked clear documentation of an 
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acute venous thrombosis, leaving 79% that were confirmed as iatrogenic complications (White et al., 
2009). However, 29% of the confirmed events involved upper extremity, thoracic, or superficial veins 
(which are not the target for prevention), reducing the overall PPV for clinical purposes to 56% (95% CI, 
52-60%). In the 33 teaching hospitals, abstractors also reviewed 517 cases that were not flagged as having 
this PSI, and found zero false-negatives (sensitivity=100%; 95% CI, 53-100%). A single US teaching 
hospital (not in the UHC study) separately reported 87% sensitivity and 50% PPV, using the same clinical 
definition (Henderson et al., 2009), and eight Belgian hospitals reported 54-59% PPV with only one false 
negative case among 1,392 records reviewed (Gillet et al., 2008). These estimates significantly exceed the 
sensitivity and PPV estimates of 68% and 29%, respectively, based on 2002-2004 data from the Medicare 
Patient Safety Monitoring System (Zhan et al., 2007), suggesting that the validity of this indicator may 
depend on the number of available diagnosis fields (as Medicare data are limited to nine secondary 
diagnoses). 

38. Comparing hospital administrative data from the Department of Veterans Affairs against the 
National Surgical Quality Improvement Program’s clinically abstracted data from 2001, Romano et al., 
(2009) reported a sensitivity of 56% and a PPV of 22%, although the PPV in a more recent review of 112 
randomly selected cases from 2004-2007 was 56% (Borzecki et al., 2009). As in the AHRQ PSI Validation 
Pilot, most of the false positives in the VA were attributable to chronic thromboses that were present at 
admission, upper extremity thromboses, or superficial lower extremity thromboses that did not require 
anticoagulation.  

39. Finally, evidence from New York, Denmark, and New Zealand suggests that a significant number 
of true events may not be ascertained because they occur after hospital discharge; linking 30-day re-
admissions in New York increased the overall rate of this PSI from 9.3 to 11.3 per 1,000; 45% of the post-
discharge events were pulmonary emboli (Weller et al., 2004; Stevanovic 2009). 

40. In summary, recent evidence suggests that this indicator should be used very cautiously for 
comparing hospital performance unless validated information is available about the timing of the diagnosis 
and/or the specific veins involved. Recent changes to the ICD-9-CM coding of deep vein thromboses, 
including new codes specifying superficial, upper extremity, and thoracic thromboses, should enhance 
criterion validity in countries that use ICD-9-CM, by excluding most of the false positive cases captured by 
the previous definition. Underreporting does NOT appear to be a problem, based on studies from the USA 
and Belgium. Over diagnosis through screening of high-risk but asymptomatic postoperative patients is an 
emerging concern, and may explain the markedly elevated risk of this event at major teaching hospitals and 
large hospitals (Vartak et al., 2008). Risk adjustment is recommended for inter-provider comparisons 
(AHRQ, 2007) to ensure that variation due to different patient populations across institutions is removed.   

Findings 

41.  Reported postoperative PE/DVT rates vary across participating OECD countries between 0.1 
and 1.4% (Chart 3). Most countries report slightly higher rates in females, but the U.S. and Ireland have 
higher rates in men and a larger gender discrepancy. As expected, rates are higher in patients aged 70 years 
and older than in younger age groups in all countries (Chart 3). Direct adjustment for 5-year age-gender 
strata did not materially affect indicator rates across countries, although two countries moved up one rank 
(and two others moved down one rank to compensate). A statistically significant dependency between 
indicator rates and amount of administrative documentation, expressed as the mean number of secondary 
diagnoses, was found and is shown in Chart 4 (Spearman r=0.670, p=0.009). Countries with more coded 
diagnoses reported higher rates. The rates represented in the charts below have not been age-sex 
standardised or adjusted for secondary diagnoses or length of stay. 
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Chart 3. Postoperative pulmonary embolism or deep vein thrombosis, 2007 
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Chart 4. Postoperative pulmonary embolism and mean number of secondary diagnoses 
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Postoperative sepsis 

Validity 

42. Rationale and concerns. The occurrence of sepsis following surgery is a severe complication 
with a mortality rate of up to 30%. Many cases of postoperative sepsis can be prevented through the 
appropriate use of prophylactic antibiotics, good surgical site preparation, careful and sterile surgical 
techniques and good postoperative care. Sepsis after elective surgery is considered a severe complication. 
It usually results from less severe infective complications, such as urinary tract infections, pneumonia and 
wound infection, which should be avoided and/or properly treated. Consequently, this indicator is a 
plausible patient safety measure. Given the dramatic nature of this complication, it is likely to be reliably 
coded in administrative data sources, relative to less serious complications (Miller et al., 2004).   

43. Content (consensual) validity. Content validity was addressed in a technical report accompanying 
the original release of the AHRQ PSIs. Although panellists’ ratings of the “usefulness” of each candidate 
indicator were used to select the final PSI set, panellists were also asked to rate each indicator on its 
preventability and its likelihood of being due to medical error. The median rating of this indicator was 6.5 
(with agreement) on the former dimension, and 6 (with indeterminate agreement) on the latter dimension, 
leading to a classification of “unclear” on both dimensions. Through similar processes, this PSI was 
endorsed by both the OECD Patient Safety Panel (Millar et al., 2004) and the SimPatIE (Safety 
Improvement for Patients in Europe) project (Kristensen et al., 2009). A 47-member Delphi panel 
convened by RAND rated this indicator “moderate” in importance, but lower on validity (i.e., median 
ratings 8 and 5, respectively) (Farley et al., 2008).  

44. Construct (convergent, predictive) validity. This indicator rates very highly on predictive validity. 
Cases from the NIS that were flagged by this PSI had 21.9% excess mortality, 10.9 days of excess 
hospitalisation, and $57 700 in excess hospital charges, relative to carefully matched controls that were not 
flagged (Zhan and Miller, 2003). This finding was confirmed in the Veterans Affairs hospital system, 
where cases that were flagged by this PSI had 30.2% excess mortality, 5.7-18.8 days of excess 
hospitalisation, and $13 395-31 262 in excess hospital costs, relative to carefully matched controls that 
were not flagged (Rivard et al., 2008). A more recent replication using 2007 data, corrected for sepsis that 
was reported as “present on admission”, estimated 13.7 attributable hospital days and $39 117 in 
attributable hospital costs for the average case (Foster et al., 2009). In a commercial claims database from 
45 large employers in the USA, each event (aggregating this PSI with catheter-related bloodstream 
infections) was associated not just with 3.1% excess mortality, but also with 7.7% excess readmissions, 
which added $2 594 to the total attributable cost per event (Encinosa and Hellinger, 2008). A case control 
analysis from England estimated excess mortality of 27.1% and 15.9 days of excess hospitalisation 
(Raleigh et al., 2008). Finally, the largest reported estimates of these impacts came from a study of 
children at 38 freestanding paediatric hospitals in the USA in 2006 (i.e., 23.5 hospital days, $261 173 in 
hospital charges) (Kronman et al., 2008). In a study testing construct validity using an implicit process 
measure of quality (Miller et al., 2005), smoothed rates of this PSI among 2 116 hospitals surveyed by the 
Joint Commission in 1997-1999 were marginally (p=0.10) associated with summary evaluation scores, in 
the expected direction. For both Medicare and Veterans Health Administration patients, this indicator 
loaded strongly with two other PSIs (postoperative sepsis and respiratory failure) on a common factor 
representing perioperative continuity of care (Rosen et al., 2009). Finally, this indicator was significantly 
associated with re-admission within three months (risk ratio=1.26), but not within one month (risk 
ratio=0.99), after adjusting for patient characteristics using 2004 surgical data from seven US states 
(Friedman et al., 2009). Unadjusted data from England confirm the association between this PSI and re-
admission (Bottle and Aylin, 2009). 
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Although children aged less than 15 years were excluded from OECD analyses, data on the validity of this 
indicators in paediatric populations may still be relevant. In a study of 2003-2005 data from 28 children’s 
hospitals (N=279 events), 20% were incorrectly coded and 40% of the remainder were present on 
admission; only 12-32% of all flagged events were judged to be preventable (Scanlon et al., 2008).  

45. At least one older study assessed the construct validity of the ICD-9-CM codes mapped to this 
PSI through correlation with structural measures of nurse staffing. Needleman and Buerhaus (Needleman  
et al., 2002) found that nurse staffing was independent of the occurrence of sepsis among both major 
surgical and medical patients from 799 hospitals in 11 states in 1997. Rates of this PSI were inversely 
associated with adoption of clinical information technology applications among 98 Florida hospitals 
(Menachemi et al., 2007), but not among 66 Georgia hospitals (Culler et al., 2007). 

46. Criterion validity. Several small studies provided limited data about the criterion validity of the 
ICD-9-CM codes mapped to this indicator before its release. Unfortunately, several of these studies either 
did not clearly document their ICD-9 definitions (Massanari et al., 1987; Belio-Blasco et al., 2000) or did 
not stratify the subgroup of patients with a secondary diagnosis of DVT/PE (Barbour, 1993). In 
comparison with the VA’s National Surgical Quality Improvement Program database from 123 hospitals in 
1994-95, in which “systemic sepsis” was defined by a positive blood culture with systemic manifestations 
of sepsis within 30 days after surgery, ICD-9-CM diagnoses had a sensitivity of 37% and a PPV of 30% 
(Best et al., 2002).  

47. This indicator has a minor problem due to missing data about timing. Some US data sets now 
include a “flag” variable denoting whether each diagnosis was present at admission. The percentage of 
cases flagged by this PSI for whom the event was reported to be a complication of the hospital stay was 
73% in California, 70% in New York, 76% in the Rochester, Minnesota area, and 59-60% at the University 
of Michigan (Houchens et al., 2008; Naessens et al., 2007; Bahl et al., 2008). Hospital-specific rates 
including sepsis reported as present on admission were moderately correlated with hospital-specific rates 
excluding such infections (r=0.72 in California, r=0.82 in New York), especially among coronary artery 
bypass surgery patients (r=0.93 in California) (Glance et al., 2008). 

48. The best recent evidence about the PPV of this indicator comes from the 47 hospitals 
participating in the AHRQ PSI Validation Pilot Project (N=164). In this study, 17% of the flagged events 
(or precursor infections) were present at admission, and 17% lacked clear documentation of sepsis, 
bacteraemia, or SIRS (systematic inflammatory response syndrome) with infection, leaving 66% that were 
confirmed as complications. (However, an additional 25% of flagged cases may have been ineligible 
because the reviewer perceived the “index” surgery as being non-elective.) The primary site of infection 
was catheter-related in 24%, lungs in 39%, surgical site in 9%, and urinary tract in 19%. Comparing 
hospital administrative data from the Department of Veterans Affairs against the National Surgical Quality 
Improvement Program’s clinically abstracted data from 2001, Romano et al., (2009) reported a sensitivity 
of 37%, PPV of 45%, and positive likelihood ratio of 131. Most of the “false positives” were patients with 
clinical evidence of sepsis, who were treated for presumptive sepsis, but lacked “definitive evidence of 
infection”. A similar review of medical records of 53 cases from 18 English NHS trusts found that 6% of 
the flagged events were present at admission and 21% were miscoded, leaving 70% that were confirmed 
(Bottle and Aylin, 2008). Eight Belgian hospitals reported 45% PPV (largely due to overreporting or 
failure to satisfy clinical criteria for sepsis), with 25 false negative cases among 1 396 records reviewed 
(98.2% negative predictive value) (Gillet et al., 2008).  

49. In summary, recent evidence on construct validity and criterion validity is somewhat supportive 
of this indicator, but raises questions about the ability to accurately identify patients for elective surgery. 
Very little evidence is available on potential underreporting. Risk adjustment is recommended for inter-
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provider comparisons (AHRQ, 2007) to ensure that variation due to different patient populations across 
institutions is removed. 

Findings 

50. Reported postoperative sepsis rates vary across participating countries between 0.2 and 1.7% 
(Chart 5); the average is 0.61%. Three countries (Belgium, Portugal, and USA) reported markedly higher 
sepsis rates than the others. Postoperative sepsis occurs far more often in male patients than in females in 
all countries. This finding corresponds to the literature (Angus et al., 2001). Direct adjustment for 5-year 
age-gender strata did not materially affect indicator rates across countries, although three countries moved 
up one rank (and three others moved down one rank to compensate). A non-significant correlation between 
indicator rates and amount of documentation was found (Chart 6, Spearman r=0.414, p=0.142), based on 
the mean number of secondary diagnoses in denominator cases. In Belgium and USA, the mean number of 
secondary diagnoses is more than two times greater than in Singapore, which might explain elevated 
infection rates in the first two countries. Underreporting is likely for countries with low infection rates. The 
rates represented in the charts below have not been age-sex standardised or adjusted for secondary 
diagnoses or length of stay. 

Chart 5. Postoperative sepsis rates, 2007 
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Chart 6. Postoperative sepsis rates and mean number of secondary diagnoses, 2007 
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Note: Rates based on hospital administrative databases as reported by countries for the research and development work of the HCQI 
project.  

Accidental puncture or laceration 

Validity 

51. Rationale and concerns. This indicator captures events related to technical and process 
limitations of hospital care. While accidental cut, puncture, perforation or laceration during a surgical 
procedure is a recognised risk, for example of abdominal surgery, elevated rates of such complications may 
indicate systems problems, such as inadequate training or fatigued health staff. Experts involved in the 
selection of this indicator stated that some incidents might not be preventable (AHRQ, 2007). The indicator 
captures surgical as well as medical discharges based on administrative hospital data. They were proposed 
in 1994 (Iezzoni et al., 1994) and subsequently further investigated (Miller et al., 2001). 

52. Content (consensual) validity. Content validity was addressed in the technical report 
accompanying the original release of the AHRQ PSIs. Although panellists’ ratings of the “usefulness” of 
each candidate indicator were used to select the final PSI set, panellists were also asked to rate each 
indicator on its preventability and its likelihood of being due to medical error. The median rating of this 
indicator was 7, with agreement, on the former dimension, leading to a classification of “acceptable”. The 
median rating was 6, with indeterminate agreement, on the latter dimension, leading to a classification of 
“unclear”. Through similar processes, this PSI was endorsed by the OECD Patient Safety Panel (Millar et 
al., 2004) and the US National Quality Forum, but rejected by the SimPatIE (Safety Improvement for 
Patients in Europe) project as “not workable for implementation in Europe”. A 47-member Delphi panel 
convened by RAND rated this indicator “low” in importance, although the median rating of 7 would have 
qualified for endorsement in the AHRQ panel process (Farley et al., 2008). 



DELSA/HEA/WD/HWP(2009)5 

 25

53. Construct (convergent, predictive) validity. This indicator rates highly on predictive validity. 
Cases from the NIS that were flagged by this PSI had 2.2% excess mortality, 1.3 days of excess 
hospitalisation, and $8 300 in excess hospital charges, relative to carefully matched controls that were not 
flagged (Zhan and Miller, 2003). This finding was confirmed in the Veterans Affairs hospital system, 
where cases that were flagged by this PSI had 3.2% excess mortality, 1.4-3.1 days of excess 
hospitalisation, and $3 359-6 880 in excess hospital costs, relative to carefully matched controls that were 
not flagged (Rivard et al., 2008). A more recent replication using 2007 data, corrected for injuries that 
were reported as “present on admission”, estimated 3.7 attributable hospital days and $12 087 in 
attributable hospital costs for the average case (Foster et al., 2009). In a commercial claims database from 
45 large employers in the USA, these events (aggregated with four rarer PSIs) were not associated with 
either excess mortality or excess readmissions (Encinosa and Hellinger,2008). Finally, the largest reported 
estimates of these impacts came from a study of children at 38 freestanding paediatric hospitals in the USA 
in 2006 (i.e., 2.8 hospital days, $34 884 in hospital charges) (Kronman et al., 2008). 

54. In a study testing construct validity using an implicit process measure of quality (Miller et al., 
2005), smoothed rates of this PSI among 2,116 hospitals surveyed by the Joint Commission in 1997-1999 
were significantly (p<0.01) associated with summary evaluation scores, in the expected direction. For both 
Medicare and Veterans Health Administration patients, this indicator loaded strongly with three other PSIs 
(foreign body left in, postoperative haemorrhage or hematoma, and wound dehiscence) on a common 
factor representing technical complications of care (Rosen et al., 2009). Finally, this indicator was 
significantly associated with re-admission within either three months (risk ratio=1.29) or one month (risk 
ratio=1.00), after adjusting for patient characteristics using 2004 surgical data from seven US states 
(Friedman et al., 2009). Unadjusted data from England confirm the association between this PSI and re-
admission (Bottle and Aylin, 2009). 

55. Rates of this PSI were inversely associated with adoption of strategic information technology 
applications among 98 Florida hospitals (Menachemi et al., 2007), but not among 66 Georgia hospitals 
(Culler et al., 2007). 

56. Although children aged less than 15 years were excluded from OECD analyses, data on the 
validity of this indicator in paediatric populations may still be relevant. Physicians participating in the 
NACHRI Pediatric PSI Collaborative reviewed 119 flagged events from 14 hospitals, using an online tool 
to assess implicit process of care, and judged 64% to be preventable and only 14% to be clearly non-
preventable (Sedman et al., 2005; Scanlon et al., 2006). In a follow-up study of 2003-2005 data from 28 
children’s hospitals (N=285 events), 9% were incorrectly coded and 7% of the remainder were present on 
admission; 27-57% of all flagged events were judged to be preventable (Scanlon et al., 2008). 

57. Criterion validity. . Several studies that were published before the release of this indicator offered 
conflicting conclusions about the criterion validity of the underlying ICD-9 codes. For example, a study of 
laparoscopic cholecystectomy in 18 Ontario hospitals in 1991-95 (Taylor, 1998) found that 95% (99/104) 
of patients with an ICD-9 code of 998.2 or E870.0 had a confirmed injury to the bile duct or gallbladder 
(although only 27% were “clinically significant”). A similar study of all cholecystectomies performed in 
Western Australia between 1988 and 1994 reported that these two codes had a sensitivity of 40% (19/48) 
and a PPV of 23% (19/84) in identifying bile duct injuries (Valinsky et al., 1999). Among 185 total knee 
replacement patients from 5 Ontario hospitals in 1984-90, Hawker et al., (1997) found that the sensitivity 
and PPV of codes describing “miscellaneous mishaps during or as a direct result of surgery” were 86% 
(6/7) and 55% (6/11), respectively. Romano et al., (2002) identified 19 of 45 chart-confirmed episodes of 
accidental puncture or laceration using discharge abstracts of diskectomy patients at 30 California hospitals 
in 1990-91, with only one false positive.  



DELSA/HEA/WD/HWP(2009)5 

 26

58. This indicator does not appear to have a significant problem due to missing data about timing. 
Some US data sets now include a “flag” variable denoting whether each diagnosis was present at 
admission. The percentage of cases flagged by this PSI for whom the event was reported to be a 
complication of the hospital stay was 87% in California, 87% in New York, 85% in the Rochester, 
Minnesota area, and 84-91% at the University of Michigan (Houchens et al., 2008; Naessens et al., 2007; 
Bahl et al., 2008). Hospital-specific rates including injuries reported as present on admission were highly 
correlated with hospital-specific rates excluding such injuries (r=0.97 in California, r=0.96 in New York, 
r=0.95 for CABG patients). 

59. The best recent evidence about the PPV of this indicator comes from the 47 hospitals 
participating in the AHRQ PSI Validation Pilot Project (N=249). In this study, 2% of the flagged events 
were present at admission, and 7% lacked clear documentation of an accidental puncture or laceration, 
leaving about 91% (95% CI, 88-94%) that were confirmed as complications. Of these events, 71% 
occurred in the abdomen or pelvis, 10% in the chest, and 16% in the spine (Utter et al., 2009). About 75% 
of the confirmed injuries were categorised as “potentially consequential”, meaning that they would 
generally require surgical repair. Similarly, the PPV in a recent review of 112 randomly selected cases 
from the Department of Veterans Affairs in 2004-2007 was 86% (95% CI, 78-92%) (Borzecki et al., 
2009).  

60. There is very limited evidence about the sensitivity of this indicator. Investigators in New York 
systematically searched their hospital administrative data for procedure codes suggesting repair of 
iatrogenic injuries, and reported that this PSI may have missed 27% of bladder injuries from hysterectomy, 
21% of bowel injuries from cholecystectomy, 47% of abdominal injuries from lysis of adhesions, 54% of 
abdominal injuries from nephroureterectomy, and 20% of spinal injuries from lumbar surgery (Gallagher et 
al., 2005b). AHRQ is currently evaluating whether these procedure codes can be added to the PSI 
definition to improve its sensitivity, without compromising its PPV.  

61. In summary, recent evidence on construct validity and criterion validity is moderately supportive 
of this indicator. Based on limited information, underreporting is a valid concern. Risk adjustment is 
recommended for inter-provider comparisons (AHRQ, 2007) to ensure that variation due to different 
patient populations across institutions is removed. 

Findings  

62. Reported accidental puncture or laceration rates vary across participating OECD countries 
between 0.01 and 0.4% (Chart 7). Gender subgroups show a slight female predominance of rates in all 
countries. Direct adjustment for 5-year age-gender strata did not materially affect indicator rates across 
countries, although two countries switched ranks. Underreporting is assumed for countries reporting low 
rates. Chart 8 supports this assumption and demonstrates how rates of this indicator are correlated with the 
amount of administrative documentation (Spearman r=0.714, p=0.006); however, not all participating 
countries provided this additional information. The rates represented in the charts below have not been 
age-sex standardised or adjusted for secondary diagnoses or length of stay. 
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Chart 7. Accidental puncture or laceration rates, 2007 
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Note: Rates based on hospital administrative databases as reported by countries for the research and development work of the HCQI 
project.  

Chart 8. Accidental puncture or laceration rates and mean number of secondary diagnoses 
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Note: Rates based on hospital administrative databases as reported by countries for the research and development work of the HCQI 
project.  
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Foreign body left in during procedure 

Validity 

63. Rationale and concerns. This indicator captures events related to technical and process 
limitations of hospital care. Errors relating to the failure to remove surgical instruments at the end of a 
procedure (i.e. needles, knife blades, electrosurgical adaptors, safety pins or sponges) are clinically 
significant in about 50% of all patients with a 10 % mortality following intra-abdominal surgery 
(Gonzalez-Ojeda et al., 1999). The true frequency of this adverse event remains unclear as underreporting 
is assumed. Although this indicator captures a rather infrequent complication, it should be addressed after 
happening. So called sentinel events might reflect serious process problems. This complication is 
susceptible to be influenced by the health care system: one study identified risk factors for retained 
instruments and sponges after surgery, namely emergencies, unplanned changes in procedure and obesity 
(Gawande et al., 2003). The Joint Commission assesses these events as “reviewable” even when the 
outcome is not death or major permanent loss of function.  

64. The indicator captures surgical as well as medical discharges, based on administrative hospital 
data. It was proposed in 1994 (Iezzoni et al., 1994) and subsequently further investigated (Miller et 
al.,2001). 

65. Content (consensual) validity. Content validity was addressed in the technical report 
accompanying the original release of the AHRQ PSIs. Although panellists’ ratings of the “usefulness” of 
each candidate indicator were used to select the final PSI set, panellists were also asked to rate each 
indicator on its preventability and its likelihood of being due to medical error. The median ratings of this 
indicator on the former dimension from two independent panels were 8 and 7.5, with agreement, leading to 
classifications of “acceptable” from both panels. The median ratings of this indicator on the latter 
dimension were 8 and 7, with agreement and indeterminate agreement, respectively, leading to 
classifications of “acceptable” from both panels. Through similar processes, this PSI was endorsed by the 
OECD Patient Safety Panel (Millar et al. 2004) and the US National Quality Forum, but rejected by the 
SimPatIE (Safety Improvement for Patients in Europe) project as “not suitable for implementation” due to 
potential casemix bias (Kristensen et al., 2009). A 47-member Delphi panel convened by RAND rated this 
indicator “high” in importance, but lower on validity (i.e., median ratings 8 and 6, respectively) (Farley et 
al., 2008). 

66. Construct (convergent, predictive) validity. This indicator rates highly on predictive validity. 
Cases from the NIS that were flagged by this PSI had 2.1% excess mortality, 2.1 days of excess 
hospitalisation, and $13 300 in excess hospital charges, relative to carefully matched controls that were not 
flagged (Zhan and Miller, 2003). A more recent replication using 2007 data, corrected for foreign bodies 
that were reported as “present on admission”, estimated 4.5 attributable hospital days and $13 202 in 
attributable hospital costs for the average case (Foster et al., 2009). Finally, the largest reported estimates 
of these impacts came from a study of children at 38 freestanding paediatric hospitals in the USA in 2006 
(i.e., 14.3 hospital days, $144 889 in hospital charges) (Kronman et al., 2008).  

67. In a study testing construct validity using an implicit process measure of quality (Miller et al., 
2005), smoothed rates of this PSI among 2 116 hospitals surveyed by the Joint Commission in 1997-1999 
were not associated with summary evaluation scores. For both Medicare and Veterans Health 
Administration patients, this indicator loaded strongly with three other PSIs (accidental puncture or 
laceration, postoperative haemorrhage or hematoma, and wound dehiscence) on a common factor 
representing technical complications of care (Rosen et al., 2009). However, unadjusted data from England 
showed no association between this PSI and readmission (Bottle and Aylin, 2009). 
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68. Although children aged less than 15 years were excluded from OECD analyses, data on the 
validity of this indicators in paediatric populations may still be relevant. Physicians participating in the 
NACHRI Pediatric PSI Collaborative reviewed 45 flagged events from 14 hospitals, using an online tool to 
assess implicit process of care, and judged 51% to be preventable and only 27% to be clearly non-
preventable (Sedman et al., 2005; Scanlon et al., 2006). In a follow-up study of 2003-2005 data from 28 
children’s hospitals (N=72 events), 22% were incorrectly coded and 20% of the remainder were present on 
admission; 28-50% of all flagged events were judged to be preventable (Scanlon et al., 2008). 

69. Criterion validity. No evidence about the criterion validity of this indicator was available before 
its original release as an AHRQ indicator. This indicator may have a problem due to missing data about 
timing. Some US data sets now include a “flag” variable denoting whether each diagnosis was present at 
admission. The percentage of cases flagged by this PSI for whom the event was reported to be a 
complication of the hospital stay was 64% in California, 76% in New York, 54% in the Rochester, 
Minnesota area, and 33-80% at the University of Michigan (Houchens et al., 2008; Naessens et al., 2007; 
Bahl et al., 2008). Hospital-specific rates including foreign bodies reported as present on admission were 
highly correlated with hospital-specific rates excluding such foreign bodies (r=0.89 in California, r=0.94 in 
New York). 

70. A review of medical records of 29 cases from 18 English NHS (National Health Service) trusts 
found that 10% of the flagged events were present at admission and 38% were miscoded, leaving 52% that 
were confirmed (Bottle and Aylin, 2008). A validation study in the USA is currently underway. However, 
recent evidence from New Zealand suggests that a significant number of true events may not be 
ascertained because they occur after hospital discharge (Stevanovic, 2009).  

71. In summary, recent evidence on construct validity and criterion validity is moderately supportive 
of this indicator. No information on underreporting is currently available. Risk adjustment is not 
recommended, based on the rarity and sentinel nature of this outcome (AHRQ, 2007). 

Findings 

72. Reported rates of foreign body left in during procedure vary across participating OECD countries 
from 2 to 11 cases per 100 000 hospital admissions (Chart 9). Regarding inter-country variability, this 
indicator varies least across countries among all patient safety indicators. Rather low rates in general 
reflect the nature of a sentinel event indicator and make scientifically sound interpretations of age or 
gender subgroup data difficult. Direct adjustment for 5-year age-gender strata did not materially affect 
indicator rates across countries, although one country moved up two ranks (and two others moved down 
one rank to compensate). Underreporting is suspected for countries reporting low rates. Chart 10 supports 
this hypothesis and demonstrates how indicator rates are dependent on the amount of administrative 
documentation (Spearman r=0.621, p=0.024); however, the relationship is less consistent than for other 
PSIs. The rates represented in the charts below have not been age-sex standardised or adjusted for 
secondary diagnoses or length of stay. 
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Chart 9. Foreign body left in during procedure rates, 2007 

0.
01

08

0.
00

91

0.
00

87

0.
00

73

0.
00

70

0.
00

58

0.
00

53

0.
00

50

0.
00

47

0.
00

47

0.
00

34

0.
00

22

0.
00

18

0.
00

18

0.
00

17

0.
00

95

0.
00

70

0.
00

85

0.
00

67 0.
00

74

0.
00

47

0.
00

49

0.
00

47

0.
00

48

0.
00

43

0.
00

32

0.
00

20

0.
00

17

0.
00

16

0.
00

22

0.
01

23

0.
01

20

0.
00

91

0.
00

81

0.
00

64

0.
00

69

0.
00

58

0.
00

54

0.
00

47

0.
00

52

0.
00

38

0.
00

25

0.
00

18

0.
00

21

0.
00

12

0.0000

0.0020

0.0040

0.0060

0.0080

0.0100

0.0120

0.0140
total female male

 
1. 2008. 2. 2006. 

Note: Rates based on hospital administrative databases as reported by countries for the research and development work of the HCQI 
project.  

Chart 10. Foreign body left in during procedure and mean number of secondary diagnoses  
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Obstetric trauma – vaginal delivery with instrument 

Obstetric trauma – vaginal delivery without instrument   

Validity 

73. Rationale and concerns. These indicators are intended to flag cases of potentially preventable 
trauma (3rd and 4th degree perineal tears) during vaginal delivery. It is estimated that in about 11% of all 
deliveries perineal trauma associated with subsequent faecal incontinence occurs (Dudding et al., 2008). 
Although risk factors as prolonged labour and no previous deliveries have been identified, precise 
recommendations for labour management in order to prevent obstetric lacerations remain unclear (Wheeler 
and Richter, 2007) resulting in an unclear preventability of these indicators. However, the percentage of 
deliveries involving higher degree lacerations is a useful monitor for the quality of obstetrical care and can 
assist in reducing the morbidity. Obstetric trauma indicators have been used by the US Joint Commission 
as well as by different international quality initiatives analysing obstetric data such as “BQS” the German 
statutory external quality assurance programme. As the risk of a perineal laceration is significantly 
increased in instrument-assisted labour (vacuum, forceps), rates for this patient population are reported 
separately. 

74. Content (consensual) validity. Content validity was addressed in the technical report 
accompanying the original release of the AHRQ PSIs. Although panellists’ ratings of the “usefulness” of 
each candidate indicator were used to select the final PSI set, panellists were also asked to rate each 
indicator on its preventability and its likelihood of being due to medical error. The median rating of this 
indicator was 7, with agreement, on the former dimension, leading to a classification of “acceptable”. The 
median rating was 5, with disagreement, on the latter dimension, leading to a classification of “unclear”. 
Through similar processes, this PSI was endorsed by both the OECD Patient Safety Panel (Millar et al., 
2004) and the SimPatIE (Safety Improvement for Patients in Europe) project (Kristensen et al., 2009). A 
47-member Delphi panel convened by RAND rated this indicator “moderate” in importance, but lower on 
validity (i.e., median ratings 8 and 5, respectively) (Farley et al., 2008). A similar indicator was initially 
implemented by the Joint Commission, which accredits health care organisations in the US, but 
subsequently withdrawn. The obstetric indicator was withdrawn because of clinical controversy about how 
often these lacerations are preventable, and whether  use of the indicator could inadvertently promote 
caesarean delivery for questionable clinical indications.  Empirically, we found no association between 
risk-adjusted laceration rates and caesarean rates at the hospital level (unpublished data) in California. 

75. Construct (convergent, predictive) validity. This indicator rates moderately on predictive validity. 
Cases from the NIS that were flagged by this PSI had no excess mortality, but they did have 0.05-0.07 
excess hospital days and up to $220 in excess hospital charges, relative to carefully matched controls that 
were not flagged (Zhan and Miller, 2003). The reported differences in hospital length-of-stay and total 
charges were small, but statistically significant given the large number of events. A more recent replication 
using 2007 data, corrected for lacerations that were reported as “present on admission”, estimated 0.13-
0.14 attributable hospital days and $210-243 in attributable hospital costs for the average case (Foster et 
al., 2009). Finally, a case control analysis from England estimated 0.48-0.56 days of excess hospitalisation 
(Raleigh et al., 2008). 

76. In a study testing construct validity using an implicit process measure of quality (Miller et al., 
2005), smoothed rates of this PSI among 2,116 hospitals surveyed by the Joint Commission in 1997-1999 
were positively (counter intuitively) associated (p=0.04) with summary evaluation scores, but only in the 
subset of women with forceps or vacuum deliveries. Similarly, unadjusted data from England showed no 
association between this PSI and readmission (Bottle and Aylin, 2009). 
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77. Criterion validity. No evidence about the criterion validity of this indicator was available before 
its release. This indicator is not likely to have a significant problem due to missing data about timing, 
because the indicator is inherently limited to women who have an in-hospital delivery. The best data about 
criterion validity come from the California Obstetric Validation Study (Romano et al., 2005), which 
involved a stratified random cluster sample of 1 662 records from 52 hospitals (51% vaginal), of which 
over 97% were reviewed by an “expert” coder and obstetric nurse abstractor. This PSI demonstrated a 
sensitivity of 90% (95% CI, 82-96%) and a PPV of 90-95%; adjusting for the complex stratified sampling 
design increased the sensitivity to 93% (95% CI, 82-97%) but decreased the PPV to 73%. A subsequent 
study based on a clinical research data set with 393 indicator-positive (3rd/4th degree tears) and 383 
indicator-negative vaginal deliveries (Brubaker et al., 2007) reported a sensitivity of 77% (95% CI, 72-
81%) and a specificity of 99.7% (95% CI, 98.5-99.4%). PPV could not be estimated due to the sampling 
design, but should be approximately 93% given a typical prevalence of 5%. A similar review of medical 
records of 955 cases from 18 English NHS (National Health Service) trusts found that none of the flagged 
events was present at admission and 15% were miscoded, leaving 85% that were confirmed (Bottle and 
Aylin, 2008). 

78. In summary, recent evidence on construct validity of this indicator is inconclusive, but the 
evidence on criterion validity is quite supportive. Risk adjustment for maternal age and comorbidity is 
recommended for these indicators (AHRQ, 2007; Grobman et al., 2006). To take the individual birth 
weight of the newborn into account when calculating these indicators would be a desirable risk adjustment 
approach. As maternal and neonatal data are stored separately in many administrative hospital databases, 
this methodological improvement is not feasible in most countries. 

Findings 

79. The rate of obstetric trauma after vaginal delivery with instrument shows rather high variability 
among countries (Chart 11). Reported rates vary from below 3% (France, Italy, Spain, Belgium) to more 
than 10% (Sweden, Canada, USA), and the rate of the USA is ten-fold higher than the rate of France. Rates 
of obstetric trauma after vaginal delivery without instrument (Chart 12) range from 0.2% to 3.8 %. Charts 
11 and 12 display corresponding rates by age categories. In most countries, obstetric trauma rates are lower 
at age 40 years and older, probably due to the fact that in higher age groups, the risk factor of a first 
delivery is not as frequent as in younger age groups. As two countries (Finland and Sweden) use probably 
more reliable register data instead of administrative hospital data to report these indicators, validity 
concerns regarding the obstetric indicators are not as marked as compared to the other patient safety 
indicators. Direct adjustment for 5-year age-gender strata did not materially affect indicator rates across 
countries, although two countries moved up one rank (and two others moved down one rank to 
compensate). Rates of these obstetric indicators were not associated with the mean number of secondary 
diagnoses at the country level (R2<2%, p>0.5). Ongoing projects on comparisons of obstetric trauma rates 
drawn from different data sources will provide information on the validity of these indicators in the near 
future. The rates represented in the charts below have not been age standardised or adjusted for secondary 
diagnoses or length of stay. 
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Chart 11. Obstetric trauma after vaginal delivery with instrument 
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project.  

Chart 12. Obstetric trauma after vaginal delivery without instrument 
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Detailed results 

80. Table 6 depicts all reported PSI rates from each country. Empty cells represent missing rates. In 
one country (Norway), rates of zero (no numerator cases) occurred. PSI rates of zero are suspicious and 
might reflect under-coding. Table 7 shows minimal and maximal rates for each PSI across all reporting 
countries, replacing zero rates with the lowest nonzero rate of another country in Table 6 to permit 
calculation of ratios between the highest and lowest PSI rate. Portugal and Norway contributed most of the 
minimal values. The ratios between the highest and the lowest rates, representing inter-country variability, 
were rather high for some PSIs; for example, the ratio was 106 for PSI 7 (catheter-related bloodstream 
infection). The least variability was found for PSI 5 (foreign body left in during procedure) and obstetric 
trauma - vaginal delivery with instrument (9.8). Regarding PSI 13 (postoperative sepsis), the reported rates 
varied between 0.1 and 8.8%.   

Table 6. PSI rates (%) reported by 19 countries in 2009  

  

Foreign 
body left in 

during 
procedure 

(PSI 5) 

Catheter- 
related 
blood-
stream 

infection 
(PSI 7) 

Post 
operative 

pulmonary 
embolism 
or deep 

vein 
thrombosis 

(PSI 12) 

Post 
operative 

sepsis (PSI 
13) 

Accidental 
Puncture or 
Laceration 

(PSI 15) 

Obstetric 
trauma – 
vaginal 
delivery 

with 
instrument 

(PSI 18) 

Obstetric 
trauma – 
vaginal 
delivery 
without 

instrument 
(PSI 19) 

Belgium 0.007 0.178 0.470 1.717 0.281 2.682 0.602 

Canada 0.007 0.083 0.199 0.398 0.402 13.147 2.511 

Denmark 0.002 0.033 0.271 0.240 0.045 6.043 2.582 

Finland 0.002 0.004 0.128 0.264 0.033 3.521 0.633 

France      1.556 0.338 

Germany 0.005 0.128 0.587 0.391 0.120 7.905 2.257 

Iceland       6.681 

Ireland 0.003 0.064 0.575 0.650 0.077 3.537 1.070 

Italy 0.002 0.006 0.220 0.144 0.013 2.370 0.710 

Latvia      9.821 0.193 

New Zealand 0.009 0.425 0.819 0.505 0.356 7.055 1.704 

Norway 0.000 0.026 0.438 8.081 0.000 3.768 2.021 

Portugal  0.057 0.108 1.493 0.116 1.698 0.632 

Singapore 0.006 0.123  0.140  7.434 0.975 

Spain 0.005 0.189 0.281 0.440 0.183 2.611 0.505 

Sweden 0.002 0.013 0.170 0.474 0.085 11.950 3.342 

Switzerland 0.011 0.056 0.399 0.226 0.285 6.564 1.997 

United Kingdom 0.005 0.090 0.754 0.276 0.129 5.731 1.837 

United States 0.009 0.205 1.450 1.349 0.362 16.626 3.811 
 

Note: Rates based on hospital administrative databases as reported by countries for the research and development work of the HCQI 
project. Minimal and maximal rates printed in bold.  
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Table 7. Minimum and maximum PSI rates (%) reported by all 18 countries 

 
N 

(countries)
Min Rate 

(%) 
Max Rate 

(%) 

Ratio between 
highest and lowest 

PSI rate, 16 
countries 

Foreign body left in during procedure 
(PSI 5) 

15 0.002 0.011 6.0 

Catheter-related bloodstream infection 
(PSI 7) 

16 0.004 0.425 106.25 

Postoperative pulmonary embolism (PE) 
or deep vein thrombosis (DVT) (PSI 12) 

15 0.108 1.450 13.50 

Postoperative sepsis (PSI 13) 16 0.140 8.081 57.73 

Accidental Puncture or Laceration (PSI 
15) 

15 0.013 0.402 31.15 

Obstetric trauma - vaginal delivery with 
instrument (PSI 18) 

17 1.556 16.626 10.69 

Obstetric trauma - vaginal delivery 
without instrument (PSI 19) 

18 0.193 6.681 34.62 

 

Note: Rates based on hospital administrative databases as reported by countries for the research and development work of the HCQI 
project.  

Administrative reporting 

Age and sex adjustment 

81. Direct adjustment for age and gender did not materially affect the rates across countries for most 
indicators. 

Secondary diagnoses 

82. Thirteen countries reported the average number of secondary diagnoses calculated from the 
denominator-eligible cases for each PSI; Table 8 shows the corresponding data. 
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Table 8. Reported averages of secondary diagnoses per PSI 

 

Foreign body 
left in during 
procedure 

(PSI 5) 

Catheter- 
related 

bloodstrea
m infection 

(PSI 7) 

Post 
operative 

pulmonary 
embolism 
(PE) or 

deep vein 
thrombosis 
(DVT) (PSI 

12) 

Post 
operative 

sepsis (PSI 
13) 

Accidental 
Puncture or 
Laceration 
(PSI 15) 

Obstetric 
trauma – 
vaginal 
delivery 

with 
instrument 
(PSI 18) 

Obstetric 
trauma – 
vaginal 

delivery w/o 
instrument 
(PSI 19) 

Belgium 6.72 6.61 5.63 6.66 7.02 4.89 3.75 

Canada 3.11 3.00 3.00 2.60 3.24 3.59 2.00 

Denmark 2.41 2.55 2.26 1.96 2.26 6.88 6.62 

Germany 5.31 4.98 4.81 4.24 5.43 5.30 3.32 

Ireland 2.57 2.61 2.68 1.88 2.77 2.67 1.83 

Italy 1.50   0.99 0.87 1.54 1.79 1.50 

New Zealand 3.93 4.37 4.84 4.25 4.19 3.77 2.20 

Norway 1.90 2.08 1.76 7.00 1.90 2.30 2.00 

Portugal   2.50 1.30 2.50 0.10     

Singapore 3.89 3.63   2.65   3.85 2.21 

Spain 3.71 3.74 2.77 2.48 3.45 3.32 2.79 

Sweden 2.50 2.50 3.79 2.60 2.50 2.60 1.40 

Switzerland 3.03 2.74 2.25 2.80 3.03 4.07 3.09 

United Kingdom 1 2.72 2.83 3.18 2.43 2.89 2.83 1.90 

United States 6.02 5.85 6.20 6.20 6.50 3.77 2.83 

 

1. Data for the United Kingdom refers to England only.  

83.  There is currently no valid information on the mean number of secondary diagnoses from 
Finland, Portugal and Sweden. The United Kingdom reported this information only for England, which 
contributed most of the cases to the denominator. Age-sex standardised PSI rates were significantly 
correlated with the mean number of secondary diagnoses across countries for all of the non-obstetric 
indicators. Among 12 countries that reported the mean number of secondary diagnoses for PSI 15 
(accidental puncture or laceration), the Spearman rank correlation coefficient was 0.706 (p=0.010). Among 
13 countries that reported the mean number of secondary diagnoses for PSI 5 (foreign body left in during 
procedure), the rank correlation was 0.643 (p=0.018). Among 12 countries that reported the mean number 
of secondary diagnoses for PSI 12 (postoperative PE or DVT), the rank correlation was 0.657 (p=0.020). 
Among 13 countries that reported the mean number of secondary diagnoses for PSI 13 (postoperative 
sepsis), the rank correlation was 0.643 (p=0.018). Among 13 countries that reported the mean number of 
secondary diagnoses for PSI 7 (catheter-related bloodstream infection), the rank correlation was 0.918 
(p<0.0001). The corresponding R-squared statistics (proportion of variance explained) ranged from 28% to 
52%. Italy, followed by Norway (except PSI 13), reported the lowest mean number of secondary diagnoses 
among eligible cases, which explains some rather low PSI rates reported by these countries. 

84.  Based on the consistent country-level association between the mean number of secondary 
diagnoses (among denominator cases) and rates of all non-obstetric PSIs, it is possible to adjust country-
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specific PSI rates for variation in coding intensity.  Specifically, an ordinary least squares unweighted 
regression model was estimated for each PSI using data from all countries that reported both the mean 
number of secondary diagnoses and the corresponding rate for that PSI.  Data from Norway were excluded 
from the analyses of accidental puncture or laceration, foreign body, and postoperative sepsis, because 
Norway reported implausibly low (zero) or high rates on these three indicators.  The outcome variable in 
these regression models was a country's age-sex standardised PSI rate; the predictor variable was the mean 
number of secondary diagnoses among denominator cases.  Parameter estimates from these models were 
used to estimate country-specific residuals, which were then linearly transformed into adjusted PSI rates 
with the same mean value as the unadjusted but standardised rates.  The resulting adjusted PSI rates 
demonstrate far less variation (measured by the range, maximum-minimum ratio, standard deviation, and 
coefficient of variation) than unadjusted rates, for all non-obstetric PSIs.  Based on the R2 statistic, 28% to 
52% of the observed variation at the country level in PSI rates is attributable to variation in diagnostic 
coding.  Removing this portion of the variation appears to yield more valid country-specific PSI rates. 

Length of stay 

85. Mean length of stay data among denominator-eligible cases for each indicator were reported by 
14 countries. In no case was there a statistically significant association between mean length of stay and 
the age-sex standardised PSI rate.  This finding suggests that international variation in length of stay does 
not meaningfully contribute to the variation in PSI rates, probably because all participating countries 
attempted to remove same-day hospital cases in the 2009 cycle of data submission 

Year to year reliability 

86.  To estimate divergence across years, PSI rates reported in the current calculation cycle were 
compared to rates reported in the 2008 OECD cycle. Most indicators did not significantly change in 
definition and were used for this analysis. Thirteen of seventeen countries participating in 2008 also 
participated in 2009 and completely recalculated their PSI rates: Belgium, Canada, Denmark, Finland, 
Germany, Italy, New Zealand, Norway, Portugal, Singapore, Spain, Sweden, the United Kingdom, and the 
United States. 

87. To assess the reliability of country-specific PSI rates across years, correlation analyses were 
performed using the 2008 and 2009 rates reported by each country for each PSI. The correlation analyses 
show high reliability both within countries (Table 9) and within PSIs (Table 10).  

88. The year-to-year reliability of PSI rates, based on Pearson’s correlation coefficient, was greater 
than r=0.94 (p ≤ 0.01) for all countries except Portugal. However, the correlation coefficient between 
Portuguese and US data improved, suggesting that year-to-year reliability was poor simply because of an 
improvement of the Portuguese data or calculation methods. The correlation coefficient is slightly lower 
for the United Kingdom than for other countries, probably due to the fact that only data from England were 
included in last year’s calculation. 
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Table 9. Pearson's correlation coefficients of PSI rates between 2008 and 2009, 
by participating country 

  
n (number of 
PSI rates [%]) 

Pearson's 
correlation 
coefficient 

Year of data collection 
(2008 calculation) 

Year of data collection 
(2009 calculation) 

Belgium 7 0.999 2004 2006 

Canada 7 1 2006-2007 2007 

Denmark 7 1 2007 2008 

Finland 7 0.997 2006 2007 

Germany 7 0.999 2006 2007 

Italy 7 1 2005 2007 

New Zealand 7 0.998 2006-2007 2007 

Norway 7 0.941 2006 2007 

Portugal 6 0.546 2006 2007 

Singapore 5 12 2007 2007 

Spain 7 0.996 2006 2007 

Sweden 7 0.999 2006 2007 

United Kingdom 7 0.994 2006-2007 2007 

United States 7 11 2006 2006 
 
1.The year-to-year correlation for the USA is close to one, because 2007 data were not yet available from all participating states at 
the time of this data submission.  
2. Singapore used data from the same year of data collection in both calculations and shows a year-to-year correlation close to one. 

Table 10. Pearson's correlation coefficients of PSI rates between 2008 and 2009 calculations, 
by PSI 

Indicator name n (countries) 

Pearson's 
correlation 
coefficient 

(p≤0.01) 
Foreign body left in during procedure (PSI 5) 13 0.920 
Catheter-related bloodstream infection (PSI 7) 14 0.994 
Postoperative pulmonary embolism (PE) or deep vein thrombosis 
(DVT) (PSI 12) 13 0.821 

Postoperative sepsis (PSI 13) 14 0.970 
Accidental Puncture or Laceration (PSI 15) 13 0.916 
Obstetric trauma – vaginal delivery with instrument (PSI 18) 14 0.996 
Obstetric trauma – vaginal delivery without instrument (PSI 19) 14 0.981 

 

89. The year-to-year reliability of PSI 12 (postoperative pulmonary embolism or deep vein 
thrombosis) was 0.892 (p≤ 0.01), which was less than that of the other indicators listed in Table 10. 

Conclusions 

90. All participating countries performed PSI calculations and contributed data; however, validity 
concerns arose in the analysis of data from several countries, as discussed above. Criteria to ensure data 
quality proposed in the last year’s project are partially applied: rates of indicators of zero are regarded as 
invalid (except for the sentinel event indicator transfusion reaction which was not investigated this year) 
and should not be publicly reported. 
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91. As several countries did not report average counts of secondary diagnoses, it was not feasible to 
implement a quality criterion based on the “mean number of secondary diagnoses among denominator 
cases”. As the PSI methodology is based on analyses of secondary diagnoses reported in administrative 
hospital databases, thorough reporting of the average number of secondary diagnoses together with the 
corresponding PSI rate will be required in future projects envisaging public reporting. 

92. The test-retest analyses suggest excellent reliability for eleven of twelve countries participating in 
2008 and 2009 and using data from different collection periods. One country (Portugal) showed poorer 
year-to-year reliability, probably due to reported difficulties in the data collection and analysis during 
2008, with subsequent improvement this year. Similarly, there was good test-to-retest reliability for all 
tested PSIs except for the postoperative pulmonary embolism or deep vein thrombosis indicator. 

93. Standardisation of PSI rates using relatively narrow, five-year age strata proved that international 
variation in hospitalisation practices and population age structure explains very little of the observed 
variation in PSI rates. For all of the non obstetric PSIs, the consistent relationship between a country’s 
standardised PSI rate and its mean number of secondary diagnoses is a cause for concern. This finding 
suggests that some countries have more thorough reporting of secondary diagnoses than others, and that 
variation in reporting may account for 28-52% of the observed variation in PSI rates. Further analyses are 
underway to model the impact of underreporting on PSI rates, and to impute corrected PSI rates after 
adjusting for underreporting. Underreporting does not appear to be an issue for postoperative DVT/PE and 
obstetric trauma, based on both published literature and empirical analyses of OECD data, although 
overdiagnosis due to widespread ultrasound screening in some hospitals or areas is an emerging concern 
for the former PSI. 

94. Research and development work on patient safety indicators over the past four years has provided 
encouraging evidence that system-level patient safety indicators can be calculated from administrative 
databases by a majority of OECD countries. Although significant advancement in methodology and 
international comparability has been achieved during this period the requirement remains for ongoing 
research and development. During 2010-2011, work in this domain will focus on the technical 
specifications of the existing indicators, impact of different coding practices and classification systems on 
indicator rates and the potential use of data adjustment methods.  
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