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Was Rodney Ledward a statistical outlier? Retrospective
analysis using routine hospital data to identify
gynaecologists’ performance
Mike Harley, Mohammed A Mohammed, Shakir Hussain, John Yates, Abdullah Almasri

Abstract
Objectives To investigate whether routinely collected
data from hospital episode statistics could be used to
identify the gynaecologist Rodney Ledward, who was
suspended in 1996 and was the subject of the Ritchie
inquiry into quality and practice within the NHS.
Design A mixed scanning approach was used to
identify seven variables from hospital episode statistics
that were likely to be associated with potentially poor
performance. A blinded multivariate analysis was
undertaken to determine the distance (known as the
Mahalanobis distance) in the seven indicator
multidimensional space that each consultant was from
the average consultant in each year. The change in
Mahalanobis distance over time was also investigated
by using a mixed effects model.
Setting NHS hospital trusts in two English regions, in
the five years from 1991-2 to 1995-6.
Population Gynaecology consultants (n = 143) and
their hospital episode statistics data.
Main outcome measure Whether Ledward was a
statistical outlier at the 95% level.
Results The proportion of consultants who were
outliers in any one year (at the 95% significance level)
ranged from 9% to 20%. Ledward appeared as an
outlier in three of the five years. Our mixed effects
(multi-year) model identified nine high outlier
consultants, including Ledward.
Conclusion It was possible to identify Ledward as an
outlier by using hospital episode statistics data.
Although our method found other outlier
consultants, we strongly caution that these outliers
should not be overinterpreted as indicative of “poor”
performance. Instead, a scientific search for a credible
explanation should be undertaken, but this was
outside the remit of our study. The set of indicators
used means that cancer specialists, for example, are
likely to have high values for several indicators, and
the approach needs to be refined to deal with case
mix variation. Even after allowing for that, the
interpretation of outlier status is still as yet unclear.
Further prospective evaluation of our method is
warranted, but our overall approach may be
potentially useful in other settings, especially where
performance entails several indicator variables.

Introduction
The Ritchie report was based on one of the most
detailed inquiries yet undertaken into the clinical prac-
tice of an individual gynaecologist, Rodney Ledward.1

The criticisms made and subsequently substantiated
against Ledward included lack of care and judgment
preoperatively, failings in surgical skills, inappropriate
delegation to junior staff, and poor postoperative care
and judgment.

In common with many other inquiries, little use was
made of comparative data regarding the performance
of individual consultants or surgical teams. For over 20
years, routine data sources such as hospital episode
statistics have been widely perceived as being of little
value because of problems with completeness and
accuracy. Much is of variable quality and equally
variable relevance to the quality and outcomes of the
care that the NHS provides.2

Despite these concerns, hospital episode statistics
data were used in the Bristol inquiry,3 which concluded
unequivocally: hospital episode statistics “was [sic] not
recognised as a valuable tool for analysing the
performance of hospitals. It is now, belatedly.” This
paper compares the performance of 142 gynaecology
consultants with the performance of Ledward over a
period of five years, to determine if Ledward was a sta-
tistical outlier according to hospital episode statistics
data.

Methods
Using the review of the Ritchie report, other reports of
alleged malpractice, a general review of literature on
performance failures, and discussions with a practising
gynaecologist, we compiled a provisional list of 11 vari-
ables that could be indicative of poor performance and
could be derived from hospital episode statistics. We
refined this list by eliminating those with high
inter-correlations. We produced a list of seven indicator
variables (table). Nevertheless, we emphasise that, for
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each indicator, valid reasons may exist that could
explain performance occurring in the high end of that
indicator distribution. Much less likely is that the same
team would display extreme performance across a bas-
ket of indicators.

We obtained complications by scanning all seven
diagnostic fields of hospital episode statistics. We then
calculated each indicator for each of the years from
1991-2 to 1995-6 for Ledward, his three colleagues in
the same hospital, and all the gynaecologists in one
other region, the West Midlands.

We undertook a retrospective desktop statistical
analysis to determine whether Ledward could be iden-
tified as a statistical outlier. We assigned a study code to
all consultants, and the two analysts were blinded to the
code of Ledward. The analysis proceeded in three
stages.

Stage 1
Exploratory data analysis—Of the 143 consultants, 68

appeared in all five years. See bmj.com for the number
of consultants in each year and the numbers excluded
because of missing data. The pattern of missing data
was consistent with data missing at random
(P < 0.0005).

Stage 2
We carried out a multivariate analysis to detect outliers,
based on the computation of a robust Mahalanobis
distance4 for each consultant in each year. The statisti-
cal details are provided on bmj.com. For each year we
computed, from the variable space of the seven indica-
tors, a Mahalanobis distance for each consultant. The
Mahalanobis distance is a measure of the “distance”
between the origin in the seven indicator variable
space and a given data point. So a consultant with
average values for each variable will have a Mahalano-
bis distance of zero, and this represents the origin.
Consultants who are furthest away from the origin will
have relatively larger distances. For each Mahalanobis
distance we also derived an approximate 95%
confidence interval, using computer simulation
techniques.

The square root of the Mahalanobis distance
(√MD) is known to follow approximately a √�2 distribu-
tion with k degrees of freedom (k being equal to the
number of indicator variables, seven in our case),4 and
so we used the mean of the √�2, which is given by the √k
degrees of freedom (√7 = 2.66) to define outliers.4

Consultants with 95% intervals above the 2.66 thresh-
old were deemed to be outliers. We report the number
of outlier consultants for each year.

Stage 3
We also investigated the change in MD over the five
years, using hierarchical analyses for repeated meas-
urements. We constructed a two level hierarchical
model, with consultant at level 1 (highest level) and
their respective Mahalanobis distances at level 2
(lowest level). We used the standardised residual output
from this model (see figure 1) to identify outliers
beyond 2 standard deviations.

Results
See bmj.com for the robust √MD for each consultant
for each year, and summary of the number of outlier
consultants. Ledward seemed to be an outlier in three
out of five consecutive years

We also constructed a model to investigate the vari-
ation in √MD over time (see bmj.com for further
details), which reached significance (P = 0.0043). Figure
1 shows standardised residuals from the model. From
this figure, we identified nine high outlier consultants
and three low outlier consultants.

After these two analyses, MH revealed the consult-
ant code and confirmed that Ledward was a statistical
outlier. Figure 2 shows the variable values for Ledward.
Several other consultants were outliers. Two consult-
ants were outliers in all five years, two consultants were
outliers in four years, and seven consultants (including
Ledward) were outliers in three years.

Table 1 Seven clinically relevant indicator variables from hospital episode statistics

Indicator Reason for choice

% of finished consultant episodes with complications (recorded)* High levels might be associated with poor surgical skills

Mean length of spell (days) Long stay might be caused by high levels of complications

% of finished consultant episodes with more than two operations (recorded) High proportion might be the result of poor surgical technique necessitating
further surgery

% of finished consultant episodes where spell is longer than episode High levels might imply complications requiring transfer to another specialist

% of finished consultant episodes for dilatation and curettage on women aged <40 High proportion might imply inappropriate practice

% of finished consultant episodes for sterilisation on women aged <25 High proportion might imply inappropriate practice

% of finished consultant episodes for hysterectomy on women aged <30 High proportion might imply inappropriate practice

*Complications were obtained by scanning all seven hospital episode statistics diagnostic fields for ICD-9 codes 996-999 and ICD-10 codes T80-T88: “Complications
of surgical and medical care not elsewhere classified.”
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Fig 1 Fitted values versus the standardised residuals from statistical
model. Consultants with standardised residuals outside the ±2
standardised residuals envelope are deemed to be outliers. Ledward
is the larger filled circle
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Discussion
Our study shows a robust statistical method for
detecting outlier consultant firms, using a limited set of
indicators derived from hospital episode statistics.
Ledward was an outlier in three out of five consecutive
years, and also when we considered the sequence of his
Mahalanobis distances over time. Other outliers
should be regarded as signals meriting a scientific
search for a credible explanation.5

Potential limitations of the study
The measurement of poor clinical performance in the
NHS has no gold standard with which to compare this
or any other statistical method.6 Recognising the
limitations of statistics in this type of work is therefore
important.6 Furthermore, the degree of statistical
refinement applied to such problems must be weighed
against the more fundamental limitations of the
datasets available, their quality, and the role of human
judgment in selecting the indicators.

The issue of what to do with subjects who have
missing data is important. We excluded these subjects,
but this creates the inappropriate impression that con-
sultants with missing data may not be subject to a
monitoring process. Although missing or poor quality
data can hamper all analyses, they may not, as shown in
the Bristol analysis,7 radically alter the ability to detect
outliers. One statistical strategy to deal with missing
data is imputation, although a more fundamental solu-
tion is to improve data collection methods.6

Hospital episode statistics contain a limited
number of variables, of which only a portion are
potentially useful indicators of quality of care or factors
relating to the case mix of patients.

Furthermore, one can easily reduce or increase the
number of statistical outlier signals by shortening or
widening the intervals of uncertainty, or by using non-
robust statistical methods, but this is not a purely
statistical question. We must also consider the costs
and benefits (including findings) of subsequent
investigations. For example, after simulation to
determine individual intervals of uncertainty, Ledward
was an outlier in three of the five years, but his √MD
was above the 95th centile (3.75) in four out of five
years, indicating that it may be prudent to review
consultants with large Mahalanobis distance (say,
above the 95th centile) even though the individual
interval of uncertainty crosses (only just) the expected
mean.

Proposed framework for investigation
The pyramid model of investigation8 is based on the
premise that the bulk of failure is attributable to the
system and not the individual. The pyramid prescribes
a check of the following variables in the order listed:
check the data, check the patient case mix, check the
structure, check the process of care, and, finally,
carefully check the carers involved.

Careful handling is essential
The presence of substantial criticism in the media, and
even appearance before the General Medical Council,
does not guarantee that those so accused are actually
guilty of poor performance. Once an individual has
been publicly identified, the stigma remains,9 and we
cannot undo what has been done. These issues are
especially important if the explanation for the poor
performance is outside the gift of the individual carer.5

Mean length of spell (days) % of finished consultant episodes
where spell is longer than episode 
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Fig 2 Histograms for the seven indicator variables, the total number of episodes per consultant, and the square root of the Mahalanobis
distance for all years combined. Coloured boxes show the values for Ledward for each of the five years (1991-2 to 1995-6), respectively
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Useful methods for monitoring performance
Although scanning methods6 such as ours will never
have complete diagnostic certainty, they could be used
to reliably identify signals from noise,7 which need to
be systematically and sensitively examined, perhaps
confidentially, by peers. Prevention is preferable but
this presents an altogether different challenge—
engineering the safety of patients into the process of
care by design.
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Incidence and risk factors for non-alcoholic
steatohepatitis: prospective study of 5408 women enrolled
in Italian tamoxifen chemoprevention trial
Savino Bruno, Patrick Maisonneuve, Paola Castellana, Nicole Rotmensz, Sonia Rossi,
Marco Maggioni, Marcello Persico, Alberto Colombo, Franco Monasterolo, Donata Casadei-Giunchi,
Franco Desiderio, Tommaso Stroffolini, Virgilio Sacchini, Andrea Decensi, Umberto Veronesi, for
the Italian Tamoxifen Study Group

Abstract
Objective To assess the incidence, cofactors, and
excess risk of development of non-alcoholic fatty liver
disease, including non-alcoholic steatohepatitis,
attributable to tamoxifen in women.
Design Prospective, randomised, double blind,
placebo controlled trial.
Setting and participants 5408 healthy women who
had had hysterectomies recruited into the Italian
tamoxifen chemoprevention trial from 58 centres in
Italy.
Intervention Women were randomly assigned to
receive tamoxifen (20 mg daily) or placebo for five
years.
Main outcome measure Development of
non-alcoholic fatty liver disease in all women with
normal baseline liver function who showed at least

two elevations of alanine aminotransferase ( ≥ 1.5
times upper limit of normal) over a six month period.
Results During follow up, 64 women met the
predefined criteria: 12 tested positive for hepatitis C
virus, and the remaining 52 were suspected of having
developed non-alcoholic fatty liver disease (34
tamoxifen, 18 placebo)—hazard ratio = 2.0 (95%
confidence interval 1.1 to 3.5; P = 0.04). In all 52
women ultrasonography confirmed the presence of
fatty liver. Other factors associated with the
development of non-alcoholic fatty liver disease

What is already known on this topic

Routine hospital episode statistics have now been
used to investigate mortality after cardiac surgery
at hospital level (for example, in the Bristol
inquiry)

The use of hospital episode statistics data to
identify broader suboptimal performance where
death is a rare event remains less explored,
especially at consultant level

What this study adds

A robust new method has been identified for
scanning multi-indicator, multi-year data from
hospital episode statistics to identify outlier
consultants in gynaecology

The method was able to identify Rodney Ledward,
who was the subject of the Ritchie inquiry
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paper on bmj.com
Other members of the study group are listed on bmj.com

This is the abridged version of an article that was posted on
bmj.com on 21 March 2005: http://bmj.com/cgi/doi/10.1136/
bmj.38391.663287.E0

Papers

Correspondence to:
S Bruno, Liver Unit,
Azienda
Ospedaliera
Fatebenefratelli e
Oftalmico, Corso di
Porta Nuova 23,
20121 Milan,
Italysavino.bruno@
fbf.milano.it

BMJ 2005;330:932–5

932 BMJ VOLUME 330 23 APRIL 2005 bmj.com


