






of routinely collected patient-safety incident reports to
create a numerical index that could help to provide a
complementary perspective by supporting the monitor-
ing of the overall system-wide safety of healthcare provi-
sion. Other key strengths of our work include drawing
on a large national dataset, comprising of over 48 000
orthopaedic reports, and utilising the full body of data
reporting on patient-safety incidents spanning the full
spectrum of severity from no harm to death. At present,
the learning from national patient-safety reporting
systems is limited; some of the information is lost in
translation and it is unclear whether all patient-safety
incidents are indeed reported.29 The sensitivity of the
NRLS at picking up errors has been questioned in the
past30 the low power of the study limits generalisability
of results to the entire NRLS. Furthermore, all hospitals
use the same mechanism of reporting incidents, so the
effects of bias and uncertainty are limited with the OEI.
Nevertheless this should not deter exploratory work
such as ours. We are also cognisant of the fact that there
is likely to be a variation in reporting according to the

patient-safety culture within hospitals; so a hospital with
a high OEI may be one that has an open culture and
encourages staff to report patient-safety incidents.31 Of
equal importance is the fact that NRLS was a voluntary
reporting system until April 2010, when mandatory
reporting was introduced for serious untoward inci-
dents.32 In figure 2, we showed that large hospitals
(number of orthopaedic procedures) are associated with
fewer errors. This must be interpreted with caution as
we have not been able to adjust for patient or procedure
case-mix due to the paucity and anonymity of the data.
Based on work elsewhere, it has been stipulated that spe-
cialised surgical services should be provided in tertiary
hospitals, although geographical or logistical impedi-
ments may occur.33 We cannot make this claim based on
our findings. Some local systems of risk management in
hospitals opt for root cause analyses to develop local
solutions to mitigate harm to patients, but these are not
shared nationally, and limited information may be pro-
vided to national reporting systems. These systems rely
on patient-safety experts methodically trawling through

Figure 1 Relationship between

number of error reports and

volume of procedures.

Figure 2 Orthopaedic Error Index for all hospitals in England.
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patient-safety incidents by severity and frequency,
thereby leading to the production of quarterly reports,
alerts and rapid response solutions.34 Such analyses are
time-consuming and, as the number of reports rapidly
increases, may in the future be unsustainable.35 36 There
is also a non-cohesive approach globally to identifying
unsafe hospitals. The multitude of quality indicators that
are proxy measures of unsafe care is overwhelming. The
OEI is a surveillance tool that can enable direct evalu-
ation of safer care in hospitals. It is, we believe, a novel
benchmarking tool to assess patient safety across hospi-
tals using a large patient-safety reporting system.
The main limitations are those inherent to any sec-

ondary analysis of data, including the absence of specific
information needed and necessities of using proxies.
Ideally, we would have preferred to link HES data to cor-
responding NRLS incidents. At present, this is not pos-
sible, as the latter does not allow for patient
identification via NHS identification numbers. HES data
will also give an approximation of orthopaedic and
trauma procedures due to coding inaccuracies. However,
these are, we believe, largely mitigated in the present
analysis by the fact that the data were collected to study
error and we refer to our analyses as secondary only
because the analysis approach we employed was
unanticipated when the study was designed. However,
the OEI has several potential limitations. Reporting of
patient-safety incidents is a subjective exercise and vari-
ation in the dataset is bound to exist. Biases also exist at
several levels: reporting of harmful versus non-harmful
events and correct classification of categories of harm.37

Underlying factors for these biases, such as the level of
patient-safety culture within institutions, were not
assessed.38 Further work on measuring the extent and
likely impact of such biases is therefore now needed.

CONCLUSIONS
With the proliferation of patient-safety reporting systems
around the world and an ever-increasing number of
patient-safety incidents reported to them, sophisticated
analytical techniques are required to identify hospitals
that need to strengthen their emphasis on patient safety.
This is the first time, to our knowledge, that a surveil-
lance mechanism for safety has been proposed using a
reporting system.
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Appendix 1: The National Reporting and Learning System 

The NRLS, housed at the National Patient Safety Agency (NPSA), is a voluntary, national 

reporting system set up in 2003 for the NHS in England and Wales. To date, it is one of the 

largest patient safety reporting systems in the world and contains over eight million 

records of patient safety incidents.[34] Incidents are reported by staff at a local level and 

corrective measures taken where appropriate. Subsequently, these reports are anonymised 

for personal identifiers and uploaded to the NRLS. An alternative route by which 

information is uploaded to the NRLS is through an online reporting form available on the 

NPSA website, which is also open to members of the public. Each NRLS report refers to an 

unintended or unexpected incident that could have or did lead to harm for one or more 

patients receiving NHS-funded care. It includes the reporting of those incidents which did 

not lead to harm despite an error taking place, and those which did not lead to harm 

because the incident was prevented from reaching the patient. These incidents are further 

stratified into different levels of harm.[35] The database has 75 data fields, including 

patient demographics, specialty, location of incident, category of incident and a free-text 

description of the incident.[36] Each incident reported as leading to death or serious harm 

is reviewed individually by trained clinical staff and a range of outputs is produced to 

provide solutions to patient safety problems. These include one-page reports called Rapid 

Response Reports, quarterly data summaries and topic-specific information such as 

preventing inpatient falls in hospitals. There is constant consultation with subject-matter 

experts including professional organisations. NHS organisations also have deadlines 

imposed on them by which time they should have implemented any findings from these 

reports.[34] 



Appendix 2: Creation of the OEI 

The OEI is the sum of the number of errors (propensity, P) and the degree of harm 

(severity, S). This should enable us to identify hospitals with large numbers of errors and 

similarly those units with the greatest degree of harm. It is reasonable to assume as more 

procedures are carried out, a larger number of errors will be reported, although we are 

also cognizant that there is potentially a high risk of errors in units undertaking relatively 

fewer procedures.  

Calculating the error propensity 

For each hospital, P was calculated as: 

, 

where n was the number of procedures where any error had occurred and N was the total 

number of procedures; P  had a range of 100, with 0 representing the  lowest error 

propensity and 100 representing  the largest error propensity.  

The standard error of P (PSE) was calculated as: 

 

 

The consequences of a medical error can vary from negligible to fatal. The error propensity 

index treats all reported errors equally. However, there is a qualitative difference between 

hospitals which have the same Ep, but in one the proportion of death harm is nearly double 

the other. Therefore, it is important to capture the severity of the error. Each error report 

N

n
P 100



in the database contains a NPSA code for severity which is ordinal in character. We propose 

a severity index based on proportion of each harm category weighed for its severity.  

For each hospital, the severity (S) was calculated as a weighted sum: , where 

wi is the weight for the ith error severity category; ni is the number of procedures where ith 

error severity category occurred; and n is the number of procedures where any error 

occurred. 

Method of determining weights 

We can give greater weight to less common events by using the inverse probability weight. 

The relative frequency of each harm category was calculated using the inverse probability 

weights (IPW = 1/ relative frequency) and IPW relative to the no harm category. There are 

two drawbacks to this way of assigning weights: one, it is data specific so that another 

dataset with a different distribution will yield different weights; and two, it gives, perhaps 

correctly but inconveniently, high values to severe harm and death, in which case error 

severity may be measured just by counting these events. Although this proposition is 

attractive in its simplicity, it is not useful in terms of error monitoring and developing 

policies. Our finding that greater harm categories are less frequent is a confirmation of the 

famous Heinrich ratio, which states that for every major injury, there are 29 minor injuries 

and 300 near misses.[37] Referring to the ratio, an expert group on learning from adverse 

events in the NHS argued for the importance of reporting near misses: “Not all unsafe 

systems produce bad outcomes all the time. The potential for disasters may exist, but for 

any number of reasons those disasters might not occur at all, or occur very rarely – what 

has been termed ‘a dynamic non-event’. If there are no bad outcomes to monitor, safety 
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information systems need to collect, analyse, and disseminate information from incidents 

and near misses, as well as from regular proactive checks on the system’s ‘vital signs’.”[38]  

We therefore chose a weighing system computed as 2i  where i is the ordinal number of 

error severity category, from  0 for no harm to 4 for death. The error severity was also 

rescaled to a range of 0 to 100 as done with S. 

For this purpose, the harm categories were assigned numerical values from 0 to 4 (no harm 

= 0, low harm = 1, moderate harm = 2, high harm = 3, and death = 4) to reflect their natural 

order of severity. The weight assigned to the ith harm category was 2i.   

 

where, ni is number of procedures where ith harm category occurred and n is the number of 

procedures where any error occurred. The constant term 100/16, 16 or 24, being the 

maximum value possible (when all reported errors were deaths) for the variable part of the 

formula, was used to adjust the scale of the index so that 100 was the maximum value, 

representing a situation where all errors reported resulted in deaths. The minimum value 

would be 6.67, representing the case where all reported errors produced no harm. We 

intentionally avoided rescaling S, 0 to 100, to differentiate between the situation where no 

errors were reported and some errors were reported but they were all in the no harm 

category.  

The standard error of S was computed as:  

 



 

Orthopaedic Error Index, OEI 

We defined the OEI, E, as the weighted sum of error propensity and error severity.   

 

This index gives equal weights for propensity, which captures the overall number of errors 

and severity of errors, because both aspects are considered important in dealing with 

errors.Error! Bookmark not defined. The weights were chosen so that E has a range of 0 to 

100. The standard error of E was computed as:  

 

To identify reporting bias, we used the relationship between number of procedures and 

OEI. For this purpose we first meta-regressed OEI on number of procedures and saved the 

predicted values of OEI. 
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