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1. BACKGROUND

The concentration of hospital services in larger units has been proposed as a means of
improving the quality of health care. It is suggested that improved benefits to patients can
be expected from the quality of care offered by experienced clinicians working in high
volume hospitals or centres.' A recent review of the recommendations of the medical
Royal Colleges and specialist associations in England found that a number of colleges and
associations were proposing volume thresholds based on an assumed relationship between
the number of procedures carried out and quality of care.> These assumptions to an extent

informed the proposal for a three-tiered regional network for cancer services in the UK.’

In the Netherlands some operations have been regionalised by regulation; open heart
surgery for example, can only be performed in licensed hospitals, in which a minimum of
600 procedures must be carried out each year.* Similarly, in the United States, the
American College of Surgeons has recommended that open-heart surgery teams perform at
least 150 operations per year so that the skills required for such complicated procedures
can be maintained, developed and improved.” In a report of the Joint International Society
and Federation of Cardiology/World Health Organisation Task Force on Coronary
Angioplasty, it was recommended that a physician performing percutaneous transluminal
coronary angioplasty should carry out an adequate number of procedures to maximise
patient safety and the efficiency of the laboratory. A minimum caseload for a single

physician was estimated to be about one case per week.’

The evidence used to suggest improved quality of care with concentration of services
comes from a large international literature which has examined the relationship between
volume of hospital and/or physician activity and clinical outcomes. One of the first studies
to assess this relationship was carried out by Luft et al in 1979.” Over the past 15 years,
publication of other studies in this area has been prolific. Studies have focused on
particular groups of patients undergoing a specific procedure or with a specified diagnosis
and measured their outcome, usually in terms of hospital mortality rates. A number of
reviews of this literature have been published over the past 8 years; of which some have

reviewed several procedures and/or conditions®"" or specific diseases or conditions such as



coronary artery bypass graft surgery (CABG)," solid organ transplantation,'® cancer '* !¢

or speciality.'

The hospital mortality rate for many procedures has been repeatedly shown to be related to
the frequency with which they are carried out at individual hospitals and the notion of a

volume - outcome relationship has generally become accepted as common sense.
Against this background a systematic review of the research was carried out to assess
the evidence for a volume-outcome relationship. The three main questions addressed

in this review were:

i)  what is the evidence of a relationship between increased hospital or physician

volume and patient outcomes?

ii)  to what degree are the results common across procedures and conditions?

iii) to what extent are any reported differences in outcome associated with volume

really attributable to volume, or to other factors such as patient case-mix?



2. METHODS OF THE REVIEW
2.1 Identification of studies

The following searches were carried out:

i)  Medline was searched using both key words and Mesh headings (1980 - 1996) as
were Embase, Health Planning and Administration, Dissertation Abstracts and

Entis (Research report database). (See Appendix for search strategies)
ii)  hand searches of key relevant journals (Medical Care)
iii) the references of identified studies were checked

iv) experts in the field and other Health Technology Assessment bodies in the UK
and internationally have been contacted to help identify published and

unpublished studies (see Appendix for individuals contacted)

2.2 Inclusion criteria

To be included in the review, studies had to be empirical and satisfy the following

criteria of relevance, outcome and design:

2.2.1 Relevance

* Studies where a comparison was made between the outcomes of patients treated in
a) hospitals/centres with different volume levels or b) actual death rates in units of
high or low volume are compared with expected death rates derived from reliable
data from units of another volume or ¢) where outcomes are compared before and
after concentration of services.

* English language and foreign language papers.



2.2.2 Outcome

The outcomes of interest were one (or more) of the following:
* mortality (in-hospital or other)

*  morbidity (e.g. infection rates)

* psycho-social (e.g. satisfaction)

* quality of life

2.2.3 Design

The following types of study design were included:
« RCT

* controlled trial

* before/after

* prospective cohort

* retrospective cohort

* case control

e cross sectional

2.3 Exclusion criteria

Articles which did not present empirical findings (e.g. policy statements or editorials)

were not included in the review. Studies using the same data sets for the same period

of time (e.g. duplicate publications) were excluded; where different authors analysed

the same data, the study with the best methods was included. Also, studies where

process rather than outcome measures were the main focus were excluded.

2.4 Methodological quality assessment

Each study satisfying the inclusion criteria was assessed according to the following

criteria:



a) type of study design, (experimental studies are given more weight than
observational studies and within observational studies more weight is given to

prospective as opposed to retrospective designs)

b) process of patient identification (e.g. from medical records, from routinely
collected case abstracts provided by the hospitals, or from insurance claims

data)

¢) avoidance of selection bias (number of eligible patients included at the start of the

study)

d) the degree to which patient case-mix has been adjusted for, any differences
found in outcomes could be attributed to differences in patient case-mix
between hospitals. A hierarchy of patient case-mix adjustment has been

developed and is outlined below.

Adjustment Criteria

score

0 no case-mix adjustment

I adjustment for demographic variables

IT adjustment for demographic variables and
comorbidity

111 adjustment  for  demographic variables,
comorbidity and stage or severity of illness

Each of the studies has been given a score from O to III dependent upon the extent to
which adjustment for patient case-mix has been made: the more comprehensive the
adjustment the higher the score. Any studies which used a randomised design were

given a score of IIl. The box outlines the scoring system used.



2.5 Data extraction

a) For each relevant study, data was extracted in a systematic way, so as to
highlight the type of procedure or condition, the setting, health professionals
involved, the methods used and the results found (see Appendix for data

extraction sheet).

2.6  Data synthesis

a) Studies are grouped according to the procedure or condition, and within this,
studies have been ranked according to the extent of adjustment for patient case-

mix (i.e. their case-mix adjustment score).

b) A qualitative overview is presented, taking into account the methodological
rigour of each individual study. Details of individual studies are given in
table format. Where studies are similar enough (e.g. procedure, volume measure,
patient type and outcomes measured) formal pooling of the data has been

attempted.

The relevance and quality of each individual study was assessed by one reviewer, and
data extraction was carried out by one reviewer. Patient case-mix adjustment scores

were allocated by two reviewers.



3.  RESULTS

The different procedures and diagnoses for which the relationship between volume and
outcome has been assessed are presented, along with the number of studies for each
category (some studies assessed the relationship in more than one procedure/diagnosis).
A total of 221 evaluations are included in the following categories: cardio-vascular
surgery, respiratory medicine, abdominal procedures, orthopaedic surgery, intensive care,
urology/gynaecology, trauma care, AIDS, cataract surgery, cancer and miscellaneous (for

example patients with cirrhosis).

3.1 Cardiovascular

Cardiovascular surgery was divided into cardiac and vascular procedures, of which cardiac
was further sub-divided into surgical and medical. The number of studies which have

investigated the volume - outcome relationship for cardiac procedures was:

CABG (18)

ardiac / e \A
Cardi Other open-heart (4)

/ Acute MI & other heart problems (9)

Medical
\ Pacemaker (2)
Catheterization (4)
Angioplasty (6)



3.1.1 Coronary artery bypass graft (CABG) surgery

Twenty-four studies have examined the relationship between volume and outcome for
CABG surgery, however six'**° were excluded since these duplicated analysis of the same
data source for the same time period. The 18 remaining studies included were all carried
out in the US, between the years 1979 and 1996.7 ?'*7 These studies have mainly used the
in-hospital mortality rate as their outcome measure and adjustment for patient case-mix
ranged from no adjustments to specific clinical risk factors for cardiac surgery (case-mix

adjustment scores ranged from O to III). |

In one of the five studies with grade III adjustment for patient case-mix the ratios of the
adjusted mortality rates for hospitals performing less than SO procedures per year
compared with hospitals performing more than 151 operations decreased from 1.89 in
1990 to 1.36 in 1992.* From the same data set, surgeons performing less than 50
procedures annually had higher mortality rates than surgeons performing more than 50
operations.”” Data from a much earlier time period (1977) was used to examine in-hospital
“mortality in relation to hospital and surgeon volume. The volume of procedures
performed in hospital (mean was 356 per year) was found to be negatively associated with
mortality but surgeon volume (mean was 109) was not significantly associated with

mortality.”?

In a more recent study, when 30-day mortality was not adjusted for differences in patient
case-mix or adjusted for age only, a significant relationship between hospital volume and
mortality was found. One hundred patients per year was the threshold found for maximal
statistical significance. ~However, after risk adjustment (grade III) the significant
relationship disappeared and the 100 cases break point was not supported.”” In a very
recent analysis of over 120,370 patients, using data from 1991 to 1993 no thresholds of
statistical significance were found except for the lowest volume practice (<100) which had
the highest observed and expected mortality (O/E ratio 1.6 to 1.7%). Overall, very weak
inverse correlations were found between volume and mortality. The variability of outcome
was significant in practices with less than 600 cases per year and varied little at more than
600 cases per year.”® In the other studies with grade II or lower adjustment for case-mix
the majority reported improved outcomes with higher volumes (both hospital and

surgeon).7’21’23'26’ #33.35 (See Table 1).



In order to further examine the evidence for a volume-outcome relationship in CABG
surgery the degree to which the reported relationship reflects differences in patient case-
mix was assessed. Data from each individual study were extracted by using the cutoff
point closest to 200 procedures per year to define high and low volume hospitals. This
particular figure was used as it was the cut off point common to most studies and therefore
allowed comparison. Additionally, a number of studies have reported that there is a
threshold of around 200 procedures per year. Data from studies in which volume had been
analysed as a continuous rather than categorical variable were not included in this pooling
as it was not possible to extract the necessary data.”” > ***7 Studies in which the same
data source and time period had been used were only included once (excluded studies

15-20,27,35
were)."

Two other studies were also excluded from the pooling exercise: the
outcome assessed in one study was not mortality*® and in the other study all hospitals were

high volume.**

The estimates of benefit associated with higher volume for each study were plotted against
the case-mix adjustment scores given' to each study, (See Appendix for a discussion of the
statistical methods used).  Patient variables that have been shown to be significantly
associated with increased mortality include: age, sex, previous heart operations, ejection
fraction (heart pumping capacity), diabetes, previous myocardial infarction, dialysis
dependence, cardiac catheterisation crash, unstable angina, intractable congestive heart
failure, emergency procedure, creatine (heart enzyme) levels > 168 mmol/l, severe left
ventricular disease, pre-operative haematocrit (red blood cell volume) < 0.34, chronic
pulmonary (lung) disease, prior vascular surgery, reoperation and mitral valve

. . 20,23
insufficiency.

In total, ten studies were included in the analysis and the prognostic variables controlled
for varied from age and sex to clinical risk factors (see tables 2 and 3 for included and
excluded studies). The studies differed in the number of hospitals and patients included
and in their volume categories. One study presented data on a 20% sample of elderly
Medicare beneficiaries” and as it was unclear how the volumes of patients related to
hospital volumes the results of this study were only included as part of a sensitivity

analysis.



Most of the studies reported a positive relation between volume and outcome. Figure 1
shows the estimate of the benefit (odds ratio of mortality) associated with carrying out
more than 200 procedures per year compared with less than 200 procedures per year for
each study plotted against the four point case-mix adjustment scale. Studies with more
adequate adjustment for case-mix have odds ratios closer to 1 and so lower estimates of
the benefit of high volume. Table 4 presents results from the statistical modelling of these
trends. Model B shows that the interaction term between volume and the degree of
adjustment is significant and greater than one. This means that as the degree of adjustment
for case-mix increases, the estimate of the advantage of increased volume is significantly
reduced. Figure 2 shows the estimated effect on mortality of high volume hospitals
compared with low volume hospitals by year of data collection. The year-volume

interaction was not significant.

Figure 1 How estimates of benefits increased volume (>200) of CABG
surgery vary by adequacy of adjustment for case-mix
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Figure 2 (Odds ratio against year
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Table 4: Volume and adjustment parameter estimates
Model Odds ratio (95% CI) Significance
Model A
Volume 0.66 (0.57,0.77) P<0.001
Model B
Volume (when adjustment | 0.44 (0.36, 0.53) P<0.001
= 0)
Adjustment-Volume 1.25 (1.14, 1.38) p<0.001
interaction
Model C*
Volume (when year=1972) | 0.52 (0.36, 0.74) P<0.001

Year-Volume interaction

1.02 (0.99, 1.04)

n.s.

* Omits study by Johnson as non-adjusted results were used.’
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3.1.2 Open heart

Four studies from the United States have investigated the volume-outcome relationship in

other types of open heart surgery.” ***

One study based on a retrospective analysis of
discharge abstract data examined the relationship in children undergoing surgery for
congenital heart disease.” In-hospital mortality and length of stay were the outcomes
measured and patients were classified into four categories depending on the complexity of
their procedure. Age, sex, race and transfer status were also used to adjust for differences
in case-mix (case-mix adjustment score = III). Both unadjusted and adjusted mortality
were found to be significantly lower in high volume hospitals. In hospitals dealing with
less than 10 cases per year adjusted death rates were around 18.5% and in high volume
hospitals (over 300 cases per year) about 3.0%. Unadjusted length of hospital stay did
not differ significantly between hospitals, but after adjustment significant differences were
found, with a longer length of stay of around 1.6 days in hospitals with less than 10 cases
per year. In a study’ with grade IT adjustment for patient case-mix, mortality decreased in
patients undergoing open-heart surgery with increasing volume (results in this study were

presented graphically).

Two studies have examined the relation between volume and mortality in patients

undergoing cardiac transplantation.’®*

In one study with grade II adjustment for patient
case-mix there was a 40% increased risk of post-operative mortality and a 33% increased
risk of 12 month mortality in centres performing less than nine transplants per year
compared with centres performing more than nine transplants per year.”” In a second
study with grade I adjustment for case-mix total transplantation volume and mortality

showed no significant correlation and when the analysis was carried out for sub-groups of

patients there was still no significant correlation.*® (See Table 5).

3.1.3 Mpyocardial infarction and other heart problems

Nine studies have examined the relationship between volume and outcome for patients
with acute myocardial infarction or other heart problems.**** >4 Seven studies were
carried out in the United States, one from Australia and one pooled the data from the
International Tissue Plasminogen Activator/Stroptokinase Mortality Trial which included

13 countries.”’ Most of the studies used retrospective study designs utilising discharge

12



abstract data to examine the relationship between hospital or physician volume and in-
hospital mortality and/or length of stay. The patient variables adjusted for in the analyses
were mainly age, sex and the presence of comorbidity (case-mix adjustment scores ranged

from I to III).

Seven of the studies focused on the outcomes of patients with acute or suspected
myocardial infarction and the findings of these studies were inconsistent. The Australian
study used a prospective cohort design to examine the effectiveness of coronary care in
relation to level of care provided by individual hospitals. Patients were interviewed to
determine their medical history and a severity score was calculated for each individual
(case-mix adjustment score = III). Logistic regression failed to detect any evidence of a
benefit with more specialised care for any sub-group based on severity of disease.
Average mortality in coronary care units was 17% and this did not differ significantly from
the mortality rates at other hospitals where facilities were not as elaborate (no information

was given on volume levels).*?

In one study*' which included data from 13 countries, the outcomes of patients with acute
myocardial infarction were compared in relation to the size and comprehensiveness of
cardiovascular services. The patient sample was likely to be more homogenous than in
most studies reviewed, as all patients met criteria for inclusion in the tissue plasminogen
randomised controlled trial. The outcomes of a number of physiological measures
(collected at baseline) were included in the adjustment for patient case-mix (case-mix
adjustment score = III). Whilst no significant differences in in-patient mortality between
the different hospital categories were found, at 6 months post-treatment, mortality was
greater in patients treated at smaller centres (less than 300 beds compared with more than
300 beds). Hospital length of stay was also significantly longer for patients treated in small

hospitals by about one day, and larger centres had the lowest rate of haemorrhage.

In a third study where case-mix adjustment was III, a significant negative relationship
between physician volume and mortality was found, but no relationship between hospital
volume and mortality.”* In the studies with less rigorous adjustment for patient case-mix

23,25,28,43

the results were inconsistent. The two other diagnoses included in this section

were congestive heart failure and atrial fibrillation. Case-mix adjustment scores were II

13



and I. Both analyses showed no statistically significant differences between high and low

volume hospitals or physicians.” (See Table 6)

3.1.4 Pacemaker implantation

Two recent studies have investigated hospital volume and patient outcome after
pacemaker implantation, one in the UK** and one in the US.* Both studies adjusted for
age, sex, and comorbidity (case-mix adjustment score = II). The UK study reviewed
pacemaker practice in one district general hospital over a 79 month period and compared
complication rates with national UK data and data from two large specialist centres.** The
pacemaker records of 201 transplant patients were retrospectively reviewed and found to
have similar age and sex patterns as the 1992 national data. The presenting symptoms and
ECG indications for the hospital studied appeared to differ from the 1992 data (no
statistical testing reported). The complication rate of 2.5% was similar to the rates
achieved at the two large specialist centres (2% & 2.8%). In the US study outcomes were
compared both between and within hospitals over time.”” No significant differences in
mortality were detected between hospitals and although volume increased significantly

over time the risk adjusted mortality rate did not change significantly. (See Table 7).

3.1.5 Cardiac catheterization/angiography

Four US studies examined the relationship between hospital volume, surgeon volume and
patient outcomes in patients undergoing cardiac catheterization/angiography.?2?5*>*¢ Three
were based on retrospective analyses of patient discharge abstracts from different
administrative databases or patient discharge abstracts.”> ***° Patients' age, sex, number of
diagnoses and in one study disease stage were used to control for case-mix differences
between hospitals.  One study which made no adjustment for case-mix, reported a
nationwide survey of all institutions with an open-heart surgical team to determine the

complication and mortality rate.*®
In the study with Grade III adjustment for patient case-mix an association between hospital

volume and mortality was found but no association between physician volume and

mortality (mean hospital volume was 399 cases annually and mean physician volume was

14



97 cases).”> A decrease in hospital mortality with increased volume was also found in the

less adequately adjusted studies.”® *> * (See Table 8)
3.1.6 Percutaneous transluminal coronary angioplasty (PTCA)

The seven studies that have examined the relationship between volume and outcome for
PTCA were all carried out in the US and were based mainly on retrospective analyses of

47, 48

large databases, two of which were clinical registries and three of which were

.. . 49-51
administrative databases.

One study used a randomised controlled trial design to
determine the relationship between equipment size, operator experience and PTCA
outcomes > and one retrospectively reviewed patients' case records.”* One was excluded
as it used data that was already included.”’ The outcomes measured in these studies
ranged from in-hospital mortality to major complications such as emergency bypass

surgery and acute myocardial infarction.

The adjustments for patient case-mix ranged from age, sex, race and secondary diagnoses
to several clinical predictors (the case-mix adjustment scores ranged from O to III). The
importance of adequately adjusting for patient case-mix has been demonstrated in an
analysis of detailed clinical data from the medical records of 2086 patients undergoing
angioplasty.”® The variables that were found to significantly predict adverse events
included age over 75 years, female sex, severe cardiac dysfunction, enlarged heart on x-ray
and unstable angina. The ACC/AHA Task Force also reported that patient related factors
such as age, sex and clinical variables (such as history of hypertension, diabetes, prior
myocardial infarction, prior bypass surgery and impairment of left ventricular function) are

associated with procedural mortality.°

In the three studies with grade III adjustment for patient case-mix the results indicated that
when patients were randomised to physicians who had carried out more than 500
procedures or to physicians who had performed less than 50 procedures, no statistically
significant differences in angiographic or clinical success were found.” A decrease in
major complications was found when hospital volume was greater than 400 procedures per
year but no differences in mortality.** Physician volume did not significantly affect
mortality but more complications, emergency CABG and a longer hospital stay were

reported for patients treated by physicians carrying out less than 50 procedures per year.”

15



Studies with grade II adjustment and below all showed positive relationships between

increased volume and a range of outcomes.”**" (See Table 9)

The number of studies which have investigated the volume - outcome relationship for

vascular procedures was:

Carotid endarterectomy (8)

Vascular ———§» Abdominal aortic aneurysms (11)

.

Vascular & cerebro vascular surgery (5)

3.1.7 Carotid endarterectomy (CE)

Eight studies have investigated the relationship between volume of CE procedures and

45,55-
outcome. 3561

All studies were from the US and were based mainly on retrospective
analyses of administrative databases, except for one study which used data collected
prospectively from The Cleveland Vascular Society registry’® and one study which
reviewed patient records from one community hospital.*® The outcomes measured were

in-hospital mortality, in-hospital stroke and length of stay.

None of the studies scored the maximum III points for patient case-mix adjustment
(adjustment scores ranged from O to IT). Three studies had grade II adjustment for case-
mix and all of these reported no differences in outcomes between high and low volume

hospitals.’>*"?

In one of these studies mortality and stroke both increased by 50% in
patients treated by physicians performing less than 12 procedures per year and length of
hospital stay increased by 4 days.” In another study however, annual physician caseloads
of <12, 12 - 50 and >50 were not associated with differences in mortality or stroke.”” The
other five studies had either grade T or no adjustment for patient case-mix. *****! (See

Table 10).

16



3.1.8 Abdominal aortic aneurysms

Eleven studies have investigated the relationship between volume and outcome for patients
with abdominal aortic aneurysm repair (resection and replacement of the aneurysm with an

o 56,62~
artificial graft) 7-#>727%6%8

Most were carried out in the US or Canada and were based
mainly on retrospective analyses of administrative databases. One was carried out in
Norway using a prospective multicentre cohort design. All studies used mortality rates as
the outcome measure and one also used length of hospital stay. The degree to which

patient case-mix was considered varied between studies (case-mix adjustment scores

ranged from I to III).

Of great importance in assessing the outcomes of aneurysm surgery is classification
according to whether surgery is elective (to prevent acute rupture of the aneurysm) or
emergency (rupture or expanding aneurysm) as the associated risk of mortality is
dependent upon the condition of the aneurysm. For example, mortality rates were found
to range from around 5 to 11% for elective procedures and from 42 to 56% for emergency
operations.® In another study patients with rupture or fistulas were 12% more likely to

die than patients with uncomplicated aneurysm.”

In addition, the presence of other medical conditions has also been shown to be predictive
of increased mortality in patients undergoing aneurysm surgery. A recent study used 10
years of data from one US community to determine the variables that were independently
predictive of mortality after ruptured abdominal aortic aneurysms. The most significant
determinants of perioperative mortality were found to be a history of chronic obstructive
lung disease and chronic renal insufficiency. Patients with chronic obstructive lung disease
had an operative mortality of 78% and patients with chronic renal insufficiency had a
mortality rate of 80%.% Patients with three or four additional diagnoses were found to
have a 4 to 7% greater probability of experiencing a poor outcome after aneurysm surgery

compared with patients with only 1 diagnosis.*’

Outcomes were found to be consistently better at higher volume hospitals, across the five
studies with grade III adjustment for case-mix (and the hospital volumes compared across
studies were similar). In one study the SMR was 30% higher in hospitals with greater than

14 cases per year.”” Similarly, a 48% higher mortality rate was found for physicians

17



working in hospitals performing less than five procedures annually compared with
hospitals carrying out more thah 36 procedures.”> When the average annual hospital
volume was 23 cases per year, for every additional four operations performed per hospital
the risk of mortality was reduced by 1%.%° In hospitals performing less than 21 operations
per year there was a 2% increased odds of dying compared with hospitals performing more
than 21 procedures per year.** When annual hospital volume was below six cases,
mortality was 12% compared with 5% when volume was greater than 38 cases per year.”’
When physician volume was examined, one study found no significant differences between
high and low volume physicians (mean =10 cases per year),”> whilst in another mortality
was 9% in surgeons performing less than 6 operations per year compared with 4% for
those performing more than 26 per year.”” The results were mixed in studies with a lower

grade of adjustment”*>***>%%% (See Table 11).
3.1.9 Vascular (and cerebro-vascular) surgery

Four studies from the US were identified which evaluated the volume-outcome

relationship in vascular (cerebro-vascular) surgery "**°%%

and 1 study focused on patients
with stroke.”® All were based on retrospective analyses of administrative databases, except
for one, where data from The Cleveland Vascular Society computer registry were used.”®
The prognostic factors included in the adjustment for patient case-mix were mainly age,
sex and the number of secondary diagnoses (the case-mix adjustment scores ranged from I

to II). The outcomes measured were mortality, length of stay and in one study morbidity

(defined as major amputation).

In the one study with grade I1I adjustment for patient case-mix, mortality rates were 16%
higher in patients undergoing amputation of the lower limb (no trauma) treated in hospitals
with below the average annual volume (mean = i1 cases per year).”’ In the studies with

grade 11, grade I and no adjustment for patient case-mix the results were conflicting.”**%%¢

(See Table 12)
3.1.10 Respiratory

Only one study was found in this area, which examined four types of respiratory problem:

. . . . . . . . 25
pneumonia, chronic pulmonary disease, respiratory failure and respiratory infection.
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Mortality and length of hospital stay were the outcomes measured and the analysis was
based on patient discharge data. The patient risk factors adjusted for in the analyses were
age and sex and in the analysis of patients with pneumonia, comorbidity was also included

(case-mix adjustment score = I or II).

The analysis of patients with pneumonia had the best adjustment for patient case-mix
(case-mix adjustment score = II) found that higher volume hospitals had significantly
greater rates of mortality than lower volume hospitals (mean = 211 cases). Mortality
between physicians did not differ significantly (mean = 8 cases). In the analyses with grade

I adjustment for patient case-mix the results were inconsistent.”’ (See Table 13)
3.2 Abdominal procedures

Abdominal procedures were divided into two categories: general surgery and medical.
The number of studies which have investigated the volume - outcome relationship for

‘general surgery was:

Gastric (6)
/ Cholecystectomy (10)
General surgery '/ Appendicectomy (4)
N\ Intestinal (other) (9)

Hernia (5)

3.2.1 Gastric operations

Six retrospective studies from the US have investigated the relationship between volume

. : : 7,32,35,63,65
and patient outcomes after gastric operations.

The categories of operations
performed ranged from all stomach operations to specific procedures such as vagotomy.
All six studies used discharge abstracts as their data source and measured outcome in

terms of in-hospital mortality and in one study length of hospital stay was also included.
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The patient risk factors adjusted for were age, sex, race, secondary diagnoses, clinical

characteristics and stage of illness (case-mix adjustment scores were II or IIT).

Three studies scored the maximum IIT points for patient case-mix adjustment. Two of
these studies focused on patients undergoing operations for ulcers; one found a significant
effect of volume, where every additional 17 operations performed decreased the
probability of death by 1%. However, physician volume in the same study did not affect
mortality.* The other study found no statistically significant differences in outcome
between hospitals of different volumes (average procedures performed = 24).°* In patients
undergoing partial gastrectomy there was an increased risk of death when treated by
surgeons performing one or less operations on average per year. When low volume
surgeons operated in low volume hospitals (less than 5 cases annually) mortality was
higher than if they operated in higher volume hospitals.”> The three remaining analyses

which had grade IT adjustment for patient case-mix had mixed results.”* (See Table 14)
3.2.2 Cholecystectomy

Ten studies carried out in the US have examined the relationship between volume and
outcome in patients undergoing cholecystectomy.7’32'33'35 ASE0TL Al of the studies except
for one, were based on retrospective analyses of administrative databases; the remaining
study used prospective data from the Virginia Statewide Infection Control Programme to
measure rates of post-operative wound infection.”® Patient age, sex, race, admission
status, secondary diagnoses and procedures and severity of illness were used to adjust for

differences in case-mix between hospitals (case-mix adjustment scores ranged from O to

).

Only two of the ten studies scored the maximum III for patient case-mix adjustment. In

both studies the overall mortality rates were low (around 1%) and they reported decreased

mortality in higher volume hospitals.**®

In hospitals with less than 168 procedures per
year mortality was 1.5% as compared with 1.2% in hospitals with more than 168

procedures per year.”> Physician volume did not affect mortality.”?

The cight studies where adjustment for patient case-mix was grade II or below had mixed

7,33,35,70,71

results. In the one study where longitudinal as well as cross-sectional analyses
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were carried out, volume increased over time but mortality did not change significantly

(grade II for case-mix adjustrnent).45 (See Table 15).
3.2.3 Appendicectomy

Four studies have measured patient outcome after appendicectomy in relation to hospital
volume. *****7  All were carried out in the US and three were based on retrospective
analyses of discharge abstracts from the Commission on Professional and Hospital
Activities (CPHA) for the years 1972, 1973, and 1982 and one on data collected
prospectively by The Virginia Statewide Infection Control Programme. Adjustments for
patient risk factors were age, sex and secondary diagnoses (case-mix adjustment scores
ranged from O to II). Outcomes of appendicectomy are dependent upon the condition of
the appendix at the time of operation (ruptured, inflamed or normal). Poorer outcomes
would be expected from the removal of a ruptured appendix and therefore it is important
that the condition of the appendix is taken into account when comparing outcomes.

Both grade II studies found better outcomes with increased volume.**?

In a grade I
study which examined the rate of normal tissue removed - as a function of surgeon volume
(mean number of cases per surgeon was 3) - no statistically significant differences in

. . . . 43
normal tissue removed were found (mean number of patients per physician was 3).*

(See Table 16).
3.2.4 Intestinal

The nine studies which have compared outcomes in patients undergoing intestinal
operations at different volume hospitals or by different volume physicians were all carried
out in the US and were mainly based on retrospective analyses of discharge abstract
data.”?>*#723:357072 The outcomes measured were in-hospital mortality, length of hospital
stay and in one study the rate of post-operative wound infection. Adjustment for patient
case-mix included age, sex, comorbidity and severity of illness (case-mix adjustment scores

ranged from O to III).

The study with grade IIT adjustment for patient case-mix found that hospitals with an

annual volume of 40 cases or above had a mortality rate for colectomies of 5.9%
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compared with 8.3% for hospitals treating less than 40 patients per year. Similarly,
surgeons performing more than 8 colectomies per year had better mortality rates than
surgeons performing less than 8 per year. The surgeon relationship remained significant

independent of the hospital volume. **

Four of the studies with grade II adjustment for patient case-mix reported improved
outcomes at higher volume hospitals (e.g. above 20, above 50, above 130 and a mean of
40 cases per year).”**>"* One grade II study reported no hospital volume relationship for
patients undergoing large bowel resection”” and for patients with gastro-intestinal bleeding
hospitals with higher volume had greater mortality.”” The 2 studies with poor (or no)
adjustment for patient case-mix both found better outcomes (post-operative wound

infection and mortality) at higher volume hospitals.”>”® (See Table 17)
3.2.5 Hernia repair

Five US studies have examined patient outcomes after hernia repair in relation to hospital

23,2
and surgeon volume %>

Four studies were based on retrospective analyses of
discharge abstracts and one which measured rates of post-operative wound infection used
prospective data collected by The Virginia Statewide Infection Control Programme.
Adjustments for case-mix included age, sex, secondary diagnoses and disease stage (case-

mix adjustment scores were O or 11).

In the three studies with grade II adjustment for patient case-mix, two reported improved
outcomes at higher volumes above 380 cases per year™ and 105 cases per year.” In one
study comparing mortality in 330 general hospitals, no differences in outcome were
reported between hospitals, however, when hospitals were compared over time a
significant relationship was found between increased volume and adjusted mortality.”> In
the two studies with either poor or no adjustment for patient case-mix, one found no
relationship between volume and either in-hospital or 60-day mortality>> and the other
found that hospital volume was a significant predictor of post-operative wound infection.”

(See Table 18)
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Two studies have investigated the volume - outcome relationship for abdominal medical

diagnoses:

/' Gall-bladder (1)

Ulcer (1)

Medical

3.2.6 Gall-bladder

One study has examined the relationship between volume and outcome in patients with a
non-surgical gall-bladder diagnosis.”® This US study based on a retrospective analysis of
data from the Commission of Professional Hospital Activities and the Professional
Activities study examined outcomes for 88839 cases. Mortality was adjusted for a number
yof risk factors, including laboratory values (case-mix adjustment score = III). Significantly
more deaths than expected were found in high volume hospitals (mean volume was 73

cases per year). (See Table 19)
3.2.7 Ulcer

One study has examined the relationship between volume and outcome in the medical
treatment of patients with an ulcer diagnosis.” This US study based on a retrospective
analysis of data from the Commission of Professional Hospital Activities and the
Professional Activities study examined outcomes for 138268 cases. Mortality was
adjusted for a number of risk factors, including laboratory values (case-mix adjustment
ore = III) and was found to be non-significantly higher in low volume hospitals (mean

annual volume was 114 cases). (See Table 20)
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3.3 Orthopaedic surgery

The number of studies identified which have investigated the volume - outcome

relationship for orthopaedic surgery was:

Hip or knee arthroplasty (11)

Orthopedic

\ Hip fracture (5)

3.3.1 Hip or knee arthroplasty

There were eleven studies which have examined the outcome of patients undergoing hip or
knee arthroplasty in relation to hospital and surgeon volume. "2**>***3343 7373 AJ] eleven
studies were carried out in the US and were mainly based on retrospective analyses of

discharge abstract data (case-mix adjustment scores ranged from O to III).

One study with grade III adjustment for patient case-mix assessed the relationship between
hospital volume, length of stay and post-operative complications using data collected as
part of the Knee Replacement Patient Outcomes Research Team (PORT).” The risk of
developing post-operative complications was found to be less in higher volume hospitals
and also length of hospital stay was shorter (where the average N of treatments was 3.5).

3,28,35.45
723283545 1n two of these

Five studies had an adjustment score of II for patient case-mix.
studies both cross sectional and longitudinal comparisons were made. In both of the cross
sectional analyses, outcomes did not differ significantly between hospitals. Similarly, no
effect of volume on mortality over time was found, even when volume increased over

245 No statistically significant differences in mortality were found according to

time.
surgeon volume (where the median number of procedures was 3 per year).” In the five
studies with poor or no adjustment for patient case-mix findings were mixed. ® P77 (See

Table 21)
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3.3.2 Hip fracture

Four studies have examined the relationship between the outcome of patients with a hip
fracture in relation to hospital and physician volume at the place of treatment >>*%*7 and
one in patients with fracture of the femur.?® All studies were carried out in the US and
were based on retrospective analyses of patient discharge abstracts. Mortality and length
of stay were the outcomes measured and adjustment for case-mix included age, sex,
comorbidity and clinical risk factors (case-mix adjustment scores were II or III). One
study with grade III adjustment for patient case-mix found that there was no effect of
volume on mortality, where the annual averége number of cases was 45.% Three studies
with grade II adjustment for patient case-mix had mixed results.”*** In another grade II
study where both cross sectional and longitudinal analyses were reported, higher volume
hospitals were found to have lower rates of mortality when hospitals were compared
(mean number of cases was 3 per year). In the longitudinal analysis however, although

volume increased over time, mortality rates remained constant.*’ (See Table 22)

3.4 Intensive care

The number of studies identified which have investigated the volume - outcome

relationship for intensive care was:

Neonatal/perinatal (29)

Intensive care @ Paediatric (2)

\ Adult (1)

3.4.1 Neonatal/perinatal intensive care

Nine studies™**”* have investigated the relationship between volume and outcome in
neonatal/perinatal intensive care, 14 studies hsve compared outcomes according to the

level of care provided®®’

and 6 studies have evaluated the impact of regionalisation of
neonatal/perinatal services on outcomes.”'” Most studies were carried out in the United

States and were mainly based on retrospective analyses of administrative databases or
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linked birth and death certificates. The outcome most frequently measured was the in-
hospital mortality rate and most studies adjusted for birthweight as a possible confounder

(case-mix adjustment scores ranged from O to III).

Of the nine studies that assessed the relationship between volume and outcome directly
only one scored the maximum grade III in its adjustment for case-mix.”” This study was
based in the UK and used a prospective cohort design to measure survival to discharge in
infants treated in intensive care units carrying out a minimum of 500 days of ventilation
annually compared with special care units performing less than 500 days of ventilation
annually. Infants of less than 28 weeks gestation had significantly better survival rates
when treated in intensive care units compared with special care units. However,

differences in survival were not significant between more mature infants.

Seven of the remaining studies had grade II adjustment for case-mix and one had no
adjustment for case-mix. The results of these studies were mixed; some reported

improved outcomes at higher volumes,****

one reported no differences in outcome
between physicians of different volumes,”” and some reported improved outcomes for low
birth weight babies at higher volume hospitals, but no differences for normal weight babies

78,80,81

or in fact poorer outcomes at larger volume hospitals. In one study with no

adjustments for case-mix higher volume hospitals had a higher mortality rate.

In those studies where outcomes were assessed according to hospital level rather than
volume or according to regionalisation of services, the findings were mixed. Some studies
reported no differences in outcome between hospitals or centres of different levels and
others reported better outcomes at larger, level III hospitals, while others reported poorer

outcomes at level II or III hospitals compared with level I. ~ (See Table 23)

3.4.2 Paediatric intensive care

One grade III study based in the US used a prospective cohort design to investigate the

19 Mortality was

relationship between volume and outcome in paediatric intensive care.
compared (using medical records, after controlling for physiological risk factors using the
PRISM score) in 16 different intensive care units of different volumes (monthly volumes

ranged from 13 to 63 cases). No statistically significant association between volume per
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month and mortality was found. An earlier study also with grade III adjustment for case-

mix found that adjusted mortality was lower in tertiary centres than in non-tertiary

centres.'”® (See Table 24).
3.4.3 Adult intensive care

One study with grade III adjustment for case-mix was based on data derived from the
Intensive Care Society’s UK APACHE II study and examined the association between the
volume of patients admitted to intensive care units and subsequent mortality.'”® 8796
patients aged 15 years and above were included in 26 intensive care units in the UK.
Average volume levels ranged from 8.3 to 37.7 cases per month. APACHE II scores
based on 14 physiologic variables plus weightings for age and chronic ill-health were
calculated for each patient. No significant association between the percentage of patients

dying and monthly unit volume was found after adjustment for APACHE II scores. (See

Table 25).

3.5 Urology/gynaecology

The number of studies which have investigated the volume - outcome relationship for

urology was:

Prostate (7)

Urology

/'
T~

Kidney/urinary tract infection (2)

/ Hysterectomy (4)
Gynaecological \

Cacsarean section (1)
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3.5.1 Prostate

The outcomes of patients undergoing prostate operations have been assessed in relation to
hospital (and surgeon) volume in seven studies carried out in the US.*%??357L107.108 1,
hospital mortality, length of stay and post-operative complications were the outcomes
measured. The hospital volumes compared varied dramatically across studies (e.g. cut off
volumes of 40, 100 and 200 procedures per year was used to define high and low volume).

Adjustments for case-mix included age, sex, comorbidity and medical history (case-mix

adjustment scores ranged from I to III).

Only one study scored the maximum III for patient case-mix adjustment.'”® Death within
90-days was measured in 4570 patients undergoing prostatectomy. Volumes compared
were less than 40 cases per year, 40 to 90 and more than 90 cases annually. No
statistically significant differences were found in mortality between the different volume

hospitals.

Five studies had grade II adjustment for patient case-mix.”****”"'”” Two studies using the
same data source and time period reported on the effects of hospital’' or surgeon volume

'97 and post-operative complications.”' With the exception of these two

on mortality
studies all reported improved outcomes at higher volumes. A result which was consistent

with the study with poor adjustment for patient case-mix.” (See Table 26)
3.5.2 Kidney/urinary tract infection and urology

One US study compared mortality and hospital length of stay in patients with
kidney/urinary tract infection treated at different volume hospitals.”®>  The case-mix
adjustment score was II. No statistically significant differences were detected in either
mortality or length of stay according to hospital (mean was 99 cases per year) or physician
volume (mean was 4 cases per year). One other study with grade II adjustment for patient
case-mix measured mortality in patients undergoing urological operations.'"® When
surgeon volume was greater than 8 cases (over a 3 year period) mortality was 4% lower
compared with surgeon volume of less than five cases for non-emergency patients. In
contrast, volume did not significantly affect mortality in emergency patients. (See Table

27)
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3.5.3 Hysterectomy

Four studies based in the US have examined outcomes in relation to hospital and surgeon

i ; 28,35,70,
volume in women undergoing hysterectomy.”**>7!

Mortality, post-operative wound
infection, complications, readmission and hospital length of stay were the outcomes
measured. Adjustments for patient case-mix were either no adjustment (score = Q) or
adjustment for age, sex, and comorbidity (score = II). In the three studies with grade II
adjustment for patient case-mix, improved outcomes were reported with increasing

volume, (where the volumes were above and below 784 cases per year,”® above and below

100 cases per year "' and a mean of 142 cases per year). (See Table 28)
3.5.4 Caesarean section

One study based in the US examined the post-operative wound infection rate in 3478
women undergoing caesarean section and found that volume was not a significant
predictor of infection.”’ However, no adjustment for possible differences in case-mix were

included in this analysis (case-mix adjustment grade = (). (See Table 29)

3.6 Trauma care

Twenty-four studies (either directly or indirectly) have assessed the relationship between

- 111-134
volume and outcome in trauma care.

Most of these have used a retrospective
analysis of hospital records or autopsy reports as their data source. Comparisons have
been made between geographical areas where trauma systems are in operation and areas
without designated trauma centres, between trauma centres and facilities without trauma
centres and also between areas before and after the introduction of a trauma system.

Most studies have attempted to control for patient case-mix, usually with the well

validated Trauma Score and/or the Injury Severity Score.

The Trauma Score is essentially a field scoring system based on four physiological
measures - systolic blood pressure, capillary refill, respiratory rate and respiratory
expansion - combined with the Glasgow Coma Scale. Patients' probability of survival has
been shown to be associated with Trauma Score values; the Trauma Score ranges from 16

with a related probability of survival of around 99% to 1 with a probability of survival of
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0%. The Injury Severity Score is a method for measuring the severity of injuries received
in motor vehicle accidents and defines major trauma based on anatomic injury. It has been
found to correlate with mortality and an ISS of 16 is predictive of a 10% chance of
mortality. Patients' age has also been found to be an important predictor of survival: in the
Major Trauma Outcome Study an age greater than 55 years (in the 23,000 patients
studied) was found to be significantly associated with increased mortality. Quantitating
injury severity is essential in evaluating the quality of trauma care.'”’

115,117,123,130,131

Five studies had grade IIT adjustment for patient case-mix. However, only

1
122131 Ope of these

two of these studies measured volume directly in relation to outcome.
studies'”’ evaluated the changes in the performance of an experimental trauma system
compared with changes in two comparator regions where a trauma system was not in
operation in the UK. Data were collected prospectively and the outcomes measured were
mortality and (in survivors) morbidity (follow-up was for six months post incident).
Standardised rates of mortality and morbidity did not differ significantly between the
experimental and control regions and in further analyses of these data no statistically
significant difference in mortality between high and low volume departments (volumes
ranged from less than 10 to more than 90 cases per year) in the three regions were
found.'” Similarly, in the second study, no differences were found in mortality in a tertiary
trauma unit for patients with mainly blunt injuries as it doubled in volume over a 4-year
period.”! Two studies with grade II adjustment for case-mix also assessed the impact of

: 11
volume on mortality.''*'®

A significant inverse relationship between volume and
unadjusted mortality was reported where high volume was greater than 200 cases over the
22 month study period and low volume was less than 140 cases. However, after
adjustment this relationship was no longer significant. In a separate analysis (to predict
mortality) the relationship between volume and mortality was shown to be significant,
accounting for around 30 to 40% of the observed variation in mortality rates.'”®
Institutional volume (annual volume ranged from 60 to 844 cases) was not a significant
predictor of mortality, nor was trauma surgeon volume for adult patients with penetrating
injuries or for paediatric patients. However, for adult blunt injured patients surgeon

volume was a significant predictor of survival.'"

The 20 remaining studies have assessed outcomes in relation to the introduction of a

trauma system or in geographical areas with and without trauma centres. As these studies
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do not directly measure volume in relation to outcome their results are presented

separately from those studies that directly assessed the effect of volume on outcome.

Two studies with grade III adjustment for case-mix focused on outcomes in trauma

117,130
' and one

patients before and after the introduction of special trauma facilities
compared the outcomes of trauma care with national standards.''> In one study, overall
mortality fell from 42% to 26% (although this was not statistically significant) during the
period of regionalisation.'”” Mortality in patients with acute spinal injury compared before
and after the introduction of an acute spinal cord injury unit decreased significantly after its
introduction (145 versus 7.5%). However, when mortality was classified by injury severity
score differences were non-significant (e.g 10% versus 8% for before and after)."” No
statistically significant differences in survival were found between national standards and

> In those

either the outcomes of patients treated in a trauma or a non-trauma centre.'’
studies where case-mix adjustment was grade II or below, the results were fairly consistent
with reports of improved outcomes after the introduction of a trauma system or in areas

~with trauma systems. (See Table 30)

3.7 Patients with AIDS

Two American studies have examined the relationship between experience and outcome
for people with AIDS (one for all AIDS related diagnoses and one for AIDS patients with
pneumocystis carinii pneumonia).”**"*” One study was based on a retrospective analysis of
administrative data'*® and one was based on a retrospective analysis of a population based

. . . 137
disease surveillance registry.”

A number of patient risk factors were controlled for,
including age, sex, concomitant infection and in one study'*’ the Severity Classification for
AIDS hospitalisations and the Justice Stage Assessment (which used laboratory and
clinical data to classify patients into stages of disease severity) was used. One study'”’ had
grade TII adjustment for patient case-mix and one had grade I1.""° The variables
significantly associated with increased mortality in patients with AIDS have been reported

in a separate study'**

and included a longer duration of symptoms prior to admission, high
respiratory rate, presence of rales and lower haemoglobin.  Both studies had similar
volume categories (under and over 30 and under and over 42 cases per year) and both
found statistically significantly higher rates of mortality in lower volume hospitals.  (See

Table 31)
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3.8 Cataract surgery

One US study used a prospective cohort design to examine the relationship between
surgical technique, patient and surgeon characteristics and clinical outcomes (adverse
events and visual acuity) in cataract surgery.””  Around 800 patients and 75
ophthalmologists were included in this study. Detailed information was collected for each
patient and entered into a multiple linear logistic regression (case-mix adjustment score =
III). High (201 - 399) and very high (400 plus) volume surgeons were found to have a
greater rate of adverse events than lower volume (51 - 200) surgeons. The most common
adverse event was posterior capsular opacification and the odds ratio for surgeons carrying
out more than 200 operations annually for posterior capsular opacification was 2.5.
However, no statistically significant association between volume and visual acuity was

subsequently found. (See Table 32)

3.9 Cancer

Eighteen studies were included which examined hospital and physician characteristics in

17.25.63,65,140-152 The cancer sites

relation to outcomes of care for patients with cancer.
included breast, colorectal, pancreatic, malignant teratoma, oesphageal, stomach, lung and
childhood cancers. Most studies used population based cancer registries as their data
source and measured either in-hospital mortality or survival at 1 to 5 years; one study also
measured the incidence of pancreatic fistula. The patient risk factors adjusted for varied
between the studies and case-mix adjustment scores ranged from O to III. A study scored
IIT if age, sex (where appropriate), stage and other clinical variables had been adjusted for

. . . . : 63,65,141,143,145,148,150
in the analysis. Eight studies were given scores of I11.""""

Two breast cancer studies (one from the US'7 and one from Italy'*

) compared survival at
different volume hospitals. One UK study compared surgeons with different volumes.'*’
The UK study with grade III adjustment for case-mix found that treatment by a high

145

volume surgeon (over 29 cases per year) improved 5 year survival The two other

studies with grade IT adjustment or below had inconsistent results.'”'* (See Table 34)
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Seven studies examined patient outcomes in relation to colorectal volume,?>%%0%150-152.172

Four studies scored the maximum III points for case-mix adjustment.”*>**'"2  One of
these studies reported increased in-hospital mortality in low volume hospitals (mean annual
volume was 17 cases)® and one reported no associations between mortality and hospital
(mean annual volume was 50.4 cases) or surgeon (mean was 8.4) volume.®* In the study
of patients undergoing laparotomy with colorectal resection, unadjusted mortality and
morbidity differed between surgeons with volumes ranging from 44 to 110 cases per year.
However, after adjustment using the POSSUM system, no statistically significant
differences in mortality or morbidity between surgeons could be detected."®  Significant
variation was found in overall post-operative mortality, local recurrence, anstomotic leak
and survival at 10 years in patients treated by one of thirteen surgeons with volumes that
ranged from 21 to 98 procedures over the six year study period. However, these
variations were not shown to be correlated with volume.'”” In the three studies with grade

. . . . 25,151,152
IT or below adjustment for case-mix, the results were inconsistent.” "

Two US based studies have focused on patients with pancreatic cancer.'*'*®

One study
with grade III adjustment for case-mix found that surgeon volume was related to the rate
of pancreatic fistula. Patients treated by surgeons with the highest volume (76 cases in 20
months) had the lowest risk of fistula compared to lower volume surgeons in the same

hospitals.'**

In a second study where case-mix adjustment was grade II, both higher
volume hospitals (over 50 cases during the study period) and surgeons (over 9 cases

during the study period) were related to lower in-hospital mortality.'**

One UK based study examined 5 year risk adjusted mortality (case-mix adjustment score
was III) in 454 patients with malignant teratoma.'*' Five-year mortality was found to be
60% lower in patients treated at a cancer unit which treated over 50% of patients with this

cancer in the area.

In one UK study examining mortality in 1143 patients with oesophageal cancer, where
case-mix adjustment was grade III, there was a 17% lower rate or operative mortality in
surgeons performing more than three operations annually. There was a 4% reduction in

. . . . . 4
five year mortality with surgeons treating more than six new cases per year.' :
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One study with grade III adjustment for case-mix examined in-hospital mortality in 341
patients with stomach cancer. No statistically significant association between mortality

and either hospital or surgeon volume was found.*®

One US study focused on 12439 patients undergoing lung cancer resection (case-mix
adjustment score = II) and found that the risk of death was significantly related to volume
(OR 0.7, 95% CI: 0.6 to 1.0 for 9 to 16 cases per year and OR 0.6, 95% CI: 0.4 to 0.8 for

more than 24 procedures per year).144

Two UK based studies have examined five year mortality in childhood cancers, both with
case-mix adjustment scores of below IL'*"*" One study found no differences in survival
rates'*’ and one found that children treated in centres with an average of at least six

patients per year had lower mortality than those treated in lower volume centres.*°

One US based study examined mortality and length of hospital stay in 2627 patients
undergoing elective oncologic procedures in one medical centre, where adjustment for
case-mix was grade II1.'* Lower volume surgeons (5 cases or less over a 3 year period)
had higher mortality and longer lengths of stay than higher volume surgeons (8 patients or

more over a 3 year period). (See Table 33)

3.10 Miscellaneous

Six studies were classified as miscellaneous and focused on patients with dehydration,”
cirrhosis,”® on patients undergoing neurosurgery'> on children with acute diarrhoeal
disease,”™ on patients undergoing laminectomy’® and on patients undergoing elective
general surgical operations.”” Case-mix adjustment scores ranged from 0 to II. In the
four studies with grade II adjustment for patient case-mix the following results were
found. For patients with dehydration, being treated by high volume physicians (mean
volume = 5 cases per year) increased the chance of dying, whereas hospital volume had no
effect. In patients with cirrhosis, being treated at higher volume hospitals improved
mortality (low/high volume level was 41 cases per year). Mortality and length of stay for
emergency neurosurgical patients treated by low (less than 5 patients over a 3 year period)
and high (more than 8 patients over a 3 year period) volume surgeons did not differ

significantly. Similarly, for non-emergency patients no significant differences were found
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in mortality between patients of low and high volume surgeons. However, length of stay
was significantly longer for patients treated by low volume surgeons (4.43 days versus
6.88 days respectively). In children with acute diarrhoeal disease a significant weight gain
was found in those hospital wards who treated a higher percentage of acute diarrhoeal

casces.

In the two studies with no adjustment for patient case-mix, wound infection was
significantly increased in patients undergoing laminectomy in lower volume hospitals. In
patients having elective surgery, being treated in either a district general hospital or a
community hospital did not affect mortality, wound infection rate or length of hospital

stay. (See Table 34)
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4. DISCUSSION

The literature on links between volume of activity and clinical outcomes suggests that for
some procedures or diagnoses there may be some quality gains as volume increases. In
other areas the literature suggests an absence of significant volume gains. Therefore,
generalisation is not possible. Other reviews of the literature have reported similar findings
and have tended to conclude that the evidence was sufficient to support the concentration

: 4, 9,11,156
of services for some procedures.

In contrast, one recent review examining the
outcome of patients with solid cancers found that the literature did not support the idea
that centralisation of treatment leads to improved results.'* One UK review examining
outcomes in patients undergoing surgical procedures was fairly sceptical about the

relationship between volume and outcome and concluded that even though differences in

outcome exist between hospitals, the volume-outcome literature does not prove a causal

link.'°

In the procedures or specialities where volume-quality links have been reported (from the

best quality studies) the results are still difficult to interpret for a number of reasons.

4.1 Are the outcomes measured appropriate?

Information on in-patient deaths is readily available in the USA from either hospital
discharge abstracts or claims data. However, the use of mortality in these studies is
problematic for two reasons. Firstly, the mortality rates recorded usually relate to
inpatient deaths only or at best 30 day mortality. This may not be a good proxy for longer
term survival. Indeed differences in short term survival may simply reflect different
discharge policies between hospitals. A hospital that discharges patients at higher risk of
dying would as a consequence register a lower inpatient mortality rate. A study by the
Stanford Centre for Health Care Research found that a substantial proportion of deaths

(for particular conditions) occurred outside the hospital.'”’

Second, and more fundamental, mortality, over whatever time period, can only ever be a

partial measure of quality. While it may be the most accessible outcome measure available,
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it is unlikely to be the most appropriate one. Morbidity and quality of life can be equally
important outcomes and increased survival may sometimes be achieved at high cost to the
patient. In hip replacement for example, more appropriate outcome measures are likely to
be technical success, morbidity and patient satisfaction,'” yet in most of the studies
reviewed the outcome measured was mortality. Health status is more difficult to quantify
than mortality and data on quality of life are not routinely collected and recorded. Length
of hospital stay is sometimes measured as a proxy for complication rates, as a longer
length of stay might be suggestive of post-operative complications, however, this has
rarely been validated. Relatively few of the studies reviewed measured outcomes other
than mortality. Although, the studies evaluating outcomes in trauma care tended to focus
on avoidable deaths often determined by review of coroners reports, rather than just
mortality rates. Mortality would seem to be particularly inappropriate as an outcome
measure for low risk procedures. To accurately measure quality of care for such

procedures more sensitive measures are needed.

The use of effectiveness rates (such as mortality) alone for measuring quality have also
been questioned. It has been suggested that the appropriate use of a medical
procedure also needs to be considered as this is an integral component of the quality of

care delivered to patients.'>

4.2 What is high and low volume?

In the majority of studies reviewed volume was measured as the number of patients or
procedures per year, although studies have used other periods of time. Some studies have
included volume as a continuous measure in a regression analysis to assess whether
volume is related to outcome. Others compare the outcome above and below the mean
volume for a particular group of hospitals or clinicians, while others choose some
threshold or cut-off point to represent high and low volume. In many of the studies where
volume is specified as a categorical variable the rationale behind the cut points used to
define the categories chosen is not clear. What is considered high and low volume varies
enormously between procedures, for example where a hospital performing 50 hip
replacements per year might be considered a high volume facility, a hospital performing
200 CABG surgeries per year might be considered low volume. Volumes within

procedures also vary considerably (for example in CABG surgery, one study used above
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and below 200 procedures per year to define high and low volume while a second study
adopted a cut-off point of 650 procedures per year). These inter-study variations make
it very difficult to summarise the research evidence and translate these findings into useful

policy recommendations.
4.3 Hospital or physician volume?

Research has tended to concentrate on the number of procedures carried out in a hospital
rather than on the number performed by each clinician. This is due in part to the lack of
data on clinician activity and outcomes and the smaller numbers of events per clinician.
Any observed relationship between volume and outcome at the hospital level may in fact
be related to the volume or experience of the surgeon carrying out the procedure.
Alternatively it may be related to a whole host of variables such as operating room staff,
surgical techniques used, etc. In one study for example, where characteristics of high and
low volume hospitals were compared, high volume hospitals were found to be larger, more
urban, more expensive, and more likely to be teaching hospitals or affiliated with medical

5
schools.®

Some studies have examined the relationship between mortality and physician volume.
However, it is not clear whether high volume physicians work in higher volume hospitals
(or whether the relationship between higher volume hospitals and mortality is really an
effect of having high volume physicians). In other words the studies which simply use the
physician volume variable, alone or with hospital volume alone or with the hospital volume
variable, are not able to distinguish Between any hospital or physician effects. In order to
be able to sensibly consider the potential contribution of each of these effects together and
separately the analysis needs to examine the interaction between hospital and physician
volume. One study came close to looking at this.”® Here the hospital volume and the
proportion of patients in the hospital operated on by low volume physicians were
examined. However, no interaction terms were included. This study found that
independent of hospital volume, the lower the proportion of patients treated by low
volume physicians, the lower the mortality rate in a number of surgical procedures.
However, physician volume was not as significantly associated with mortality as was
hospital volume. Ideally multilevel modelling techniques should be employed which

allows the patient, clinician and hospital level effects to be analysed appropriately.'>
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All the physician volume studies are affected by problems with the definition of volume
where, for example, the consultant physician may not have been the person who did the
operation. Also, it is not clear whether a physician's total experience with other similar
operations is taken into account. For example in colorectal cancer surgery the number of

similar operations performed may affect outcome.

One study assessed hospitals' total experience with heart transplants to determine whether
the outcomes in low volume centres were a function of low volume directly or a function
of overall experience. Aggregate outcomes in newly established low volume centres were
compared in their initial year to outcomes in the second year. Mortality rates increased
significantly in the second year of operation, sﬁggesting that experience assessed as time

doing the operation is not a proxy for volume.”

If a volume-outcome relationship does exist for clinicians it may be that some of the
quality gains are due to higher volume clinicians keeping up with the literature and the use
of the most appropriate management practices available as opposed to the acquisition of
purely personal (manual) skills. If this is the case then quality improvement may be
achieved in other settings by clinicians with lower volume adopting guidelines based upon
best practice. Thus where outcomes of a procedure are poor, there may be a number of

measures other than attempts to manipulate volume that could possibly improve results.**

It is likely that the true effects will be the result of a complex interaction between physician
and hospital volume and future research should investigate the correlation between

hospital and physician volume in order to better understand the nature of any associations.

4.4 Direction of causality?

Positive relationships between high volume and outcome could be used to support the
'practice makes perfect' hypothesis. It seems plausible, as higher volume means greater
experience with a particular procedure. Alternatively, in some health-care systems the
same results may support a 'selective referral' hypothesis, in which hospitals with good
outcomes attract more patients. It may also be the case that higher-volume hospitals

attract better clinicians. The direction of causality is ambiguous since the majority of
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studies used data from a cross-section of hospitals observed at specific points in time,
rather than from a cohort of hospitals over a period of time. Such data are unable to
provide the evidence needed to show whether quality would improve if smaller hospitals
increased their volume. Changes in volume over time need to be monitored in order to
provide such evidence. Only a small number of the studies reviewed used a longitudinal
design to assess the effects of changes in volume over time. Where units grew in size over
time no improvements were found as hospitals increased their volume even when cross

. . . 3
sectional associations had been found.*> '*!

4.5 Precise definition of procedure

The procedure whose outcome is being measured should be precisely defined because
complication rates for similar procedures may differ. Thus any differences detected in
outcome may be due to risks associated with particular procedures rather than to the
volume of procedures performed. An example is in total hip replacements, where the
outcomes for the two main types (cemented and uncemented) differ. Outcomes for non-
cemented prostheses have tended to be puorer than for cemented prostheses.'®
Therefore, any comparison in outcomes between hospitals needs to take into account the

likely effect of differences in the type of procedure performed.
4.6 Adjustment for patient case-mix

Studies of hospital mortality rates need to distinguish between the effects of differences in
severity of illness and differences in quality of care. Higher mortality rates in low-volume
hospitals, for example, may be due to a higher proportion of emergency or urgent cases,
whereas lower mortality rates in high-volume hospitals may reflect the better results

obtained from a greater number of elective procedures and a lower-risk patient population.

Routine hospital mortality data in the USA (derived from hospital claims forms or patient
abstracts) include: patients’ age, sex, race, principal diagnosis and several secondary
diagnoses, the principal procedure and several secondary procedures plus type of
admission (emergency or elective). Although researchers tend to use one or more of these
administrative variables to adjust for mortality risk, routine claims data provide little

relevant information about the patient’s conditicn. Administrative data tends to use fairly
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simple categories such as whether a disease is or is not present, rather than the severity of
the condition. Clinical data such as the results of physical examinations, laboratory tests or
radiological procedures, are better predictors of risk. In a review examining the literature
on differences in hospital mortality it was reported that out of 16 studies only three used a

severity of illness measure to adjust for differences among patients."'®'

The effects of confounding factors may be controlled for using statistical methods. The
more statistical adjustment takes into account patient factors which influence outcome, the
more likely it is to obtain an unbiased estimate of the influence of volume on outcome.
Systems which adjust for risk of dying based on detailed clinical data seem to be the most
valid. The clinical variables which best predict surgical mortality are parameters which
indicate the patient’s general physiological status. These tend to be similar across
conditions (although about one-fifth of predictors were thought to be condition-specific).
The physiological variables identified in a recent study as good predictors of mortality
were: heart rate, arterial oxygenation and pH (acid-base balance), blood pressure,

2 Even with a set of

measures of consciousness level and respiratory (breathing) rate.'
clinical predictors like these it is difficult to ensure that all the important effects of
confounding have been taken into account. An example of the importance of adequate
adjustment for case-mix can be seen in a study of treatment of benign prostatic
hyperplasia. Analysis of claims data suggested that transurethal resection of the prostate
(TURP), a minimally invasive procedure was associated with twice the re-operation rate
and carried a higher mortality risk than open surgery, even after adjusting for age and
concomitant illness.'” However, a study whicl: used better adjustment for case-mix such
as severity of concomitant illness, found that mortality for the two procedures was
164

similar. > The apparent higher mortality rate associated with TURP is likely to have been

the result of patient selection; with more frail patients undergoing TURP than open

. - . 5
resection (as the former is less traumatic).'®

In coronary artery bypass graft surgery, hospitals performing less than 100 procedures per
year were found to have significantly greater rates of mortality than hospitals performing
more than 100 procedures per year. However. when mortality was risk adjusted the
differences disappeared.”” Similarly, a study where the outcomes for stroke patients were
compared before and after the introduction of a stroke unit found that crude data

suggested that patients identified after the introduction of the stroke service were
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significantly more likely to be alive. After adjustment for age and sex this relationship
remained significant, however, after adjustment for several prognostic indicators the
differences between the two groups were non-significant. Thus suggesting that the
improvements found after the introduction of the stroke service may have been due to

differences in case-mix between the two cohorts rather than the new stroke service.'®

Even databases which contain prospectively collected clinical data are not free from
problems. For example a recent critique of the Cardiac Surgery Reporting System
(CSRS), which contains detailed information about all open heart procedures in New York
has raised questions about the data collection methods. There were significant increases in
the prevalence of several risk factors (such as renal failure, low ejection fraction) which
were more likely to reflect changes in coding practices than in patients' characteristics.
This spurious increase in risk factors accounted for 66% of the increase in predicted

mortality and thus for 41% of the total reduction in statewide risk-adjusted mortality.'m

The one study in which the volume-outcome relationship was evaluated as part of a
randomised controlled trial is a good example of a study design which ensures a fairly
homogeneous group of patients from which to compare outcomes.’® Patients entered into
a randomised controlled trial have to meet certain criteria which ensures a degree of
homogeneity more than would be expected in observational studies. Therefore,
differences detected between the outcomes of patients treated at different volume hospitals
or by different volume surgeons are more likely to be attributable to differences in quality
of care rather than differences in patient case-mix. In this rather small study no statistically
significant differences in outcome were detected between the two groups receiving
angioplasty. Future research could well benefit from such an approach to evaluation of the

volume-outcome relationship.

Patient case-mix is also important in trying to apply the results in a practical setting. Most
studies report the results for the whole patient sample, not taking into account any possible
differences in the volume effect for different types of patients. This ignores the possibility
that the volume effect, if it exists at all, may only operate on subgroups of patients with
particular characteristics, such as baseline risk. It might be the case, for example, that the
benefits of being treated in a larger unit, by more experienced clinicians are confined to

those patients who have complications or are at high risk of mortality. Some studies in the
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perinatal area have examined this issue. For example, one study found that the advantages
of Level III hospitals were confined to babies weighing less than 5lb.”*  Another study
found that although very low birthweight babies had better survival when born in Level 111
facilities, normal and low birthweight babies did better when born in Level II hospitals,
though case mix adjustment grade was only II in this study.”® Future research therefore,

needs to look at within hospital heterogeneity of case mix.
4.7 Random events

Outcomes of care are a function of not only paﬁent characteristics and quality of care but
also of random events. = When outcomes differ between hospitals or clinicians it is
important to consider how much of the variation could have occurred by chance. A study
where a re-analysis (using more appropriate statistical methods) was performed on
computerised discharge data for all adult patients with pneumonia in central Pennsylvania
found that variation which was explainable as random had been incorrectly attributed to

variations in hospital quality.'®*
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5. CONCLUSIONS

Overall, the literature on links between volume of activity and clinical outcomes suggests
that for some procedures or specialities there may be some quality gains as hospital or
clinician volume increases. In other areas the research suggests an absence of statistically
significant volume gains. However, any association found may be confounded by other
variables such as differences in patient case-mix between high and low volume hospitals
(or clinicians). The bulk of the research, because it does not sufficiently take into account
case-mix differences, probably overestimates the size of the impact of volume on the
quality of care. In the few cases where volume quality links have been suggested by more
reliable studies, the thresholds indicated in some studies are relatively low and could be
reached through specialisation of tasks within a hospital rather than an increase in the size
of the provider. However, where volume is associated with quality, the direction of
causation is not established. It is difficult to use findings of a positive relationship between
volume and outcome across hospitals or clinicians to infer what would happen to

healthcare outcomes if existing low volume units expanded.

It is likely that outcomes are dependent upon a combination of factors reflecting hospital,
clinician and indeed patient characteristics. Future research needs to move away from
simple analysis of statistical linear associations and explore the complex range of factors

which may influence health care outcomes.
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APPENDIX 1 SEARCH STRATEGY

Database: Medline <1992 to February 1996>

Set

Search

Results

0~ O\ AW

B L LWL W W W LW WNNDNINDNNNNNDN /== == == O

(centrali#ation or central#ed).tw.

centralized hospital services/

(regional#ation or regional#ed).tw.

(regional adj3 (centre or center or centres or centers)).ti,ab,sh.
(regional adj3 (service or services or unit or units)).ti,ab,sh.
(regional adj3 (facility or facilities)).ti,ab,sh.
(quantity adj2 quality)ti.ab.sh.
speciali#ation.tw. -

((physician or hospital or surgical or patient or surgeon) adj volume.t
((surgeon or physician) adj variability).ti,ab,sh.
(high adj volume).ti,ab,sh.

(volume adj outcome).ti,ab,sh.

(selective adj referral).ti,ab,sh.

(practice adj2 perfect).ti,ab,sh.
(decentrali#ation or decentral#ed).tw.

regional health planning/

regional medical programs/

exp treatment outcome/

exp quality assurance, health care/

hospital mortality/

mortality/

survival rate/

exp quality of health care/

exp “health status indicators”/

exp “health facilities™/

laboratories, hospital/

animal/

human/

27 not (28 and 27)

0r/2,6,9-10,12-14

or/1,3-5,7-8,11,15-17

or/18-25

(specialist adj (centre or centers or center or centres or unit or units)).t
or/30,33

31 and 32

or/34-35

36 not (26 or 29)

34 not (26 or 29)

37 not 38

from 39 keep 3,5,7-9,11,14-16,19-20,22-26
exp laboratories/

39 not 41

(tissue adj volume).ti,ab,sh.

42 not 43
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408
39
208
497
253
19
497
674
59
4
250
8
8
18
275
196
184
23897
12275
1345
1719
13879
309997
922
31027
341
416681
977901
313294
149
3281
333330
67
216
1587
1763
1700
201
1499
16
1346
1485
142
1484



Database: Medline <1992 to February 1996>

Set Search Results

1 centralized hospital services/ 39
2 (regional adj3 (facility or facilities)).ti,ab,sh. 19
3 ((physician or hospital or surgical or patient or surgeon) adj volume).t 59
4 ((surgeon or physician) adj variability).ti,ab,sh. 4
5 (volume adj outcome).ti,ab,sh. 8
6 (selective adj referral).ti,ab,sh. 8
7 (practice adj2 perfect).ti,ab,sh. 18
8 or/1-7 149
9 ((centrali#ation or centrali#ed) adj5 (care or service or services or faci 127
10 ((regionali#ation or regionali#ed) adj 5 (care or service or services or f 79
11 (regional adj3 (centre or center or centres or centers)).ti 86
12 (regional adj3 (service or services or unit or units)).ti. 46
13 (speciali#ation adj5 (care or service or services or facilities or system 59
14 (high adj volume adj5 (care or service or services or facilities or syste 20
15 ((decentrali#ation or decentrali#ed) adj5 (care or service or services 0 92
16 regional health planning/ 196
17 regional medical programs/ 184
18 or/9-17 828
19 (quantity adj2 quality).ti,ab,sh. 497
20 exp treatment outcome/ 23897
21 exp quality assurance, health care/ 12275
22 hospital mortality/ 1345
23 mortality/ 1719
24 survival rate/ 13879
25 exp quality of health care/ 309997
26 exp “health status indicators”/ 922
27 or/19-26 317536
28 laboratories, hospital/ 341
29 (blood adj volume).sh. 0
30 exp laboratories/ 1346
31 (tissue adj volume).ti,ab,sh. 142
32 or/28-31 1488
33 animal/ 416681
34 human/ 977901
35 33 not (33 and 34) 313294
36 (18 and 27) not (32 or 35 or 8) 375
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File
File
File
File
File
File

7S

7s

7s

155:MEDLINE(R) 1966-1996/May W4
151:HIth.Plan&Admin 1975-1995/Nov
159:Cancerlit(R) 1963-1996/Feb

159: See HELP NEWS 159 for NCI message
73:EMBASE 1974-1996/Iss 12

35:Dissertation Abstracts Online 1861-1996/Apr

CENTRALIZED HOSPITAL SERVICES/DE
S1 516 CENTRALIZED HOSPITAL SERVICES/DE
regional (3w)(facility or facilities)

270645 REGIONAL

107987 FACILITY

222560 FACILITIES

S2 435 REGIONAL (BW)(FACILITY OR FACILITIES)
(physician or hospital or surgical or patient or surgeon) ()volume$

156705 PHYSICIAN

623020 HOSPITAL

624771 SURGICAL

1270326 PATIENT

38122 SURGEON

0 VOLUMES '

S3 0 (PHYSICIAN OR HOSPITAL OR SURGICAL OR PATIENT OR

SURGEON)

s

()VOLUMES$
(physician or hospital or surgical or patient or surgeon) ()Jvolume?

156705 PHYSICIAN

623020 HOSPITAL

624771 SURGICAL

1270326 PATIENT

38122 SURGEON

555816 VOLUME?

S4 571 (PHYSICIAN OR HOSPITAL OR SURGICAL OR PATIENT OR

SURGEON) () VOLUME?

7s

7s

7s

(surgeon or physician ()variability

38122 SURGEON

156705 PHYSICIAN

97736 VARIABILITY

S5 20 (SURGEON OR PHYSICIAN( () VARIABILITY
volume()outcome

514358 VOLUME

276677 OUTCOME

S6 33 VOLUME()OUTCOME
selective()referral

241667 SELECTIVE
55884 REFERRAL
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APPENDIX 2 INDIVIDUALS CONTACTED

Dr David Field
Department of Child Health
Leicester Royal Infirmary

Professor John Nichol

Medical Care Research Unit
University of Sheffield Medical School
Sheffield

Dr Kathy Rowan
ICNARC
Tavistock House
Tavistock Square
London

Dr William Tarnow-Mordi
Department of Child Health
Ninewells Hospital

Dundee

Professor David Yates

North Western Injury Research Centre
Hope Hospital

Salford

269



270



APPENDIX 3 VOLUME AND OUTCOME

DATA EXTRACTION SHEET
Authors
Year
Title
1 Objectives of the study
2 Hospital/physician information
a Type (n) of hospital/centres included
university
general
specialised
other (specify)
Type of physicians
surgeons
specialists (specify)
other (specify)
b Criteria for including hospitals
voluntary
random sample
geographical location
specific database
other (specify)
3 Year(s) during which study was carried out:
4 Patient information
a Type of procedure, diagnosis, condition, treatment, etc: n
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Methodological quality of the study
Type of study design:

RCT

controlled trial
before/after
prospective cohort
retrospective cohort
case control

other

not clear

Source of patient information:

clinical records

clinical database (registry)
administrative database
msurance claims forms

other (specify)
Number (%) of eligible patients included at the start of the study:

Number
%

if exclusions, reasons given
Adjustment for confounding variables:

none

age/sex

comorbidity

specific prognostic variables (specify)
severity of comorbidity

other (specify)

Volume
Volume measure:

continuous
categorical

other (specify)
Cut-point used to define high and low volume:

hospital
physician
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10

Rational for cut-point
expressed by authors

based on formal analysis of the data

other (specify)

Number of hospitals/physicians above and below cut-point

hospital
physicians
above
below

Number of patients above and below cut-point:

above
below
Outcomes measured:
morbidity (specify)
mortality
in hospital
30-day
other (specify)
psycho-social

process (specify)

other (specify)

Statistical methods used

Results

Comments
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APPENDIX 4 STATISTICAL METHODS

The estimates of benefit associated with higher volume (odds ratio) for each study is

plotted against the degree of adjustment used in the study on the three-point classification

scale.

A statistical model was used to assess whether there was any systematic changes in the
estimates of the volume effect as the degree of adjustment for patient case-mix was
improved. The dependent variable used in the analyses was the proportion of patients who
died in low and high volume hospitals in each study. A logistic regression model was used
to relate the proportion dead to a covariate indicating whether the hospitals were high or
low volume and to a further covariate representing a volume by case-mix adjustment
interaction term. This latter covariate was included to assess whether increased case-mix
adjustment had any impact on the estimated effect of volume. The models also included a
set of dummy variables for each study included in the analysis to adjusted for any observed

‘study effects’ not related to volume or case-mix.

The model was adapted by further including a volume by year of data collection interaction
term substituting for the volume by case-mix term. In this way, any association between
year of data collection and volume could be assessed. The null hypothesis being that case-
mix adjustment would not improve over time and hence no association between year of

data collection and volume effects would be observed.

The statistical models were fitted to data from the nine studies with the high-low volume

cut-off point near 200 cases per year. All statistical analyses were performed using GLIM

statistical software.'®

Over dispersion (residual heterogeneity) was accounted for by
appropriate rescaling of standard errors (in GLIM this is achieved by rescaling standard
errors by the square root of the residual deviance divided by the residual degrees of

170

freedom ). The significance of the variables was assessed from z-scores calculated as the

ratio of the effect sizes to the rescaled standard errors.'”"
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