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Abstract

Background — It is unknown what makes an exceptionally good doctor or even if
such doctors exist. While there has been some research, specifically surveys, on what
makes a good doctor, there is no research on whether there are exceptionally good
doctors, how common they might be, or how to differentiate between a good doctor and
an exceptionally good doctor. It is unknown what effect and what difference medical
physicians, who are substantially better than their peers, have and make on a patient’s
physical health, outside of known factors such as patient and doctor demographics.
What is known, is that in clinical trials doctors have a clustering effect but said trials do

not establish whether that is due to patient demographics or varying doctor abilities.

Aims — To assess whether doctors make a difference to patients’ physical health and,
if so, to what extent does that have on patients’ physical health. To determine whether
there are doctors who could be considered as exceptionally good. Should they exist,
this thesis further aims to identify the characteristics of exceptionally good doctors.

Methods — Two systematic and one methodological review and two primary studies
were conducted. We conducted systematic and methodological reviews of cohort and
case control studies, and randomised controlled trials to assess surgeons’ and non-
surgical doctors’ performances regarding patients’ physical health, after all known
prognostic information had been accounted for. A qualitative study collected, and
analysed data gathered from interviews conducted with 13 medical doctors regarding
their opinions on what makes an exceptionally good doctor and what their experience
is of such doctors. Further, a survey of 580 members of the public was conducted on

their experiences of exceptionally good doctors.

Results — The results of the systematic reviews showed that, outside of all known
influencing factors, doctors do affect patients’ physical health. Effects are heterogeneous,
ranging from negligible to large, and positive and negative performance outliers appear
regularly among doctors.



The methodological review concluded that many existing datasets could be reanalysed
to assess doctors’ performance and provided suggestions on how to analyse and report
in a standardised way to enable future meta-analysis of findings

The qualitative study included interviews with 13 medical doctors and demonstrated
that the participants had each met exceptionally good doctors and tended to retain
detailed knowledge of those doctors and experienced them as long-remembered
role models. This study also showed that exceptionally good doctors may be both
celebrated and vilified by their peers and the health system they work in, precisely for
being exceptionally good.

The survey yielded results showing that most participants had met at least one
exceptionally good doctor and the majority had met two or more. The doctors who
received the most positive evaluation from the public, were doctors who willingly listened
to the patient to the end. The results also showed that participants who expressed more
positive attitudes towards an exceptionally good doctor, were more negative than other
participants when rating average doctors. This could potentially provide a motivation
for doctors to undermine exceptionally good doctors.

Conclusions — Doctors can make a substantial difference to their patients’ physical
health, independent of known factors including intervention, doctor, and patients’
demographics. Even a minimal positive difference applied to the billions of consultations
each year could yield a clinically useful improvement. Exceptionally good doctors
can be identified and are well known to medical doctors and members of the public.
Members of the public particularly value doctors who willingly listen to the end and
evaluate average doctors more negatively than other members of the public, giving a

potential motivation for exceptionally good doctors to be undermined by other doctors.
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CHAPTER 1:

GENERAL INTRODUCTION AND THESIS OUTLINE




Introduction

There are billions of medical interactions in the world each year®® that consist of a
doctor, a patient, and a medical intervention. While medical interventions impact a
patient’s physical health, an effect that is patient-dependent, it is unclear whether the
doctor makes a difference to patients’ physical health beyond the medical intervention.
In other words, are doctors effect modifiers? There are doctors who cause serious
harm to their patients'®'", and some studies have shown a relationship between
doctors’ demographic variables, such as the number of operations performed, and
patients’ physical health outcomes,'?'® however, there have been no systematic
reviews that examine whether doctors have an effect on their patients’ physical health

outcomes after all known variables have been accounted for.

Knowing whether something that is applied billions of times a year worldwide has an
effect or not and knowing details of any such effect seems to be an interesting and

societally valuable research subject.

As there is very little research on whether doctors’ performance varies where it matters
most — patients’ physical health outcomes, it follows that it is not even known whether
doctors inherently differ in their performance. As a result, a type of investigation that is
very common in other areas of life, namely examining exceptionally good performers'#

24 doesn'’t exist at all in medical research. To quote one example?:

High-achieving employees, the “stars” of an organization, are widely credited
with producing indispensable, irreplaceable, value-enhancing contributions.
From the recruitment of celebrity chief executive officers to the fierce
competition for star scientists, and from lucrative contracts for sports icons to
outsized bonuses for top salespeople, human capital strategies have long

promoted the importance of star performers.

In other words, to research doctors’ performance we can look at, inter alia, reducing
negative outliers, measures to improve doctors’ performance generally, ignore doctors
and concentrate on the intervention or the patient, look at what characterises good
doctors, or, in addition, look at ‘star performers’ or exceptionally good doctors. Such
doctors are already recognised if they are star researchers but not as clinicians. There

is extensive research on the first three of these five options and there is some research
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on the fourth but no research on the fifth area, exceptionally good doctors. It seems
sensible to research this last, least-covered area, especially as in other areas of life
these star performers produce ‘indispensable, irreplaceable, value-enhancing

contributions’.(ibid)

This need to examine star medical performers is further supported by one of the
original definitions from David Sackett in 2000 in the Encyclopedia of Biostatistics of

the dominant paradigm of medical practice:

In this definition, the practice of evidence-based medicine means integrating
individual clinical expertise with a critical appraisal of the best available external
clinical evidence from systematic research. By individual clinical expertise is
meant the proficiency and judgment that individual clinicians acquire through
clinical experience and clinical practice. Increased expertise is reflected in many
ways, but especially in more effective and efficient diagnosis and in the more
thoughtful identification and compassionate use of individual patients’
predicaments, rights, and preferences in making clinical decisions about their

care.25

Evidence-based medicine is here defined as the integration of the “best external
clinical evidence” and “individual clinical expertise” which among many other ways
leads to better diagnosis and better patient care. The definition of evidence-based
medicine seems to strongly imply that the clinician and their expertise is equal in
importance to the best available evidence. By 2017 this had changed substantially as
shown, for example, in a Lancet article,?® evidence-based medicine “has increasingly
stressed the need to combine critical appraisal of the evidence with patient’s values
and preferences through shared decision making” and the clinician’s presence is only
implied, even though both famous authors are qualified medical doctors. One reason
may be that defining a good practitioner of clinical expertise was considered to be
difficult or impossible as shown in a 2002 special BMJ edition that asked “what makes
a good doctor?” and concluded that the question was unanswerable as “defining a
good doctor ... lies in degree of difficulty somewhere between defining a good

composer and a good human being. In fact, it’'s impossible”.?”



Evidence-based medicine has had many successes by bringing scientific rigour to the
evaluation of interventions but has not led to any increase in life expectancy.?® One
reason for this lack of population-wide success, if it is not caused by other factors,
could be the downgrading of the importance of the clinician in evidence-base medicine
which has led to a situation where many millions of papers have been published on

interventions but very few, if any, answering the following questions:

Do doctors make a difference to patients’ physical health? If yes, is this difference only
due to external factors such as their level of knowledge or their experience or are some
doctors innately better or worse than others? In other words, is researching the ‘clinical

expertise’ part of evidence-based medicine worthwhile?

If doctors make a difference to patients’ physical health, when do they make a
difference and how large is that difference? Do some doctors produce exceptionally

good results, i.e. do exceptionally good doctors exist?

If doctors do make a difference, then it is worth examining star performers,
exceptionally good doctors, to see whether they also produce ‘indispensable,

irreplaceable, value-enhancing contributions’(ibid).

Taking a wider view, the question arises whether exceptional levels of ‘clinical
expertise’ are valued by medical doctors and whether they are valued by patients? Are
medical doctors aware of exceptionally good practitioners of the clinical expertise part
of evidence-based medicine and, if yes, what is their experience of such doctors? Do
medical doctors consider their encounters of exceptionally good doctors to be

important?

The same questions apply to patients: What is their experience, if any, of exceptionally

good doctors and was that experience important to them?

Once we know more about the clinical expertise part of evidence-based medicine it will
be easier to assign the importance of the clinician in the practise of evidence-based
medicine, whether the doctor’s contribution should be central, with scientific evidence
used as appraised by the doctor, according to Sackett's?® definition, or whether the
clinician’s presence can be more or less ignored as expressed by Djulbegovic and
Guyatt.?®



1.2 Research Aim

The aims of this PhD research were to determine:
(1) whether doctors affect patients’ physical health, and if so;
(2) how large is the doctor’s effect on patient’s physical health;
(3) how common are exceptionally good doctors;

(4) the characteristics of exceptionally good doctors.

To achieve this, we conducted the following studies:

1.3 Research Questions and Objectives

Research question 1

Is there a doctors’ effect on patients’ physical health after all known factors have been
accounted for?

Objectives: To systematically review the evidence on doctors’ effect on patients’
physical health.

Project 1, Studies 1 and 2: Two systematic reviews, one for surgeons, one for all
other medical doctors.

Research question 2
How can the doctors’ effect on patients’ physical health, after all known factors have
been accounted for, be reported most effectively, with the results made available for

meta-analysis?

Objectives: To conduct a study that evaluates the design, analysis, and reporting of

research studies on doctors’ effect on patients’ physical health.

Project 2, Study 3: A methodological review on how to report the doctors’ effect on
patients’ physical health.



Research question 3

How do medical doctors describe the characteristics of their exceptionally good peers,

and how did they experience such doctors?

Objectives: To gain knowledge on and provide material for further study of exceptionally

good doctors.

Project 3, Study 4: A qualitative study of medical doctors on their experiences and

opinions of the characteristics of exceptionally good doctors.

Research question 4
What is the experience of the general public of exceptionally good doctors?

Objectives: To conduct a survey of the general public on whether they have ever
experienced an exceptionally good doctor and to provide a detailed description of
these doctors.

Project 4, Study 5: A cross-sectional survey of the general public on characteristics of

exceptionally good doctors.

1.4 Thesis Outline

Chapter 1 — General introduction
The first chapter provides a brief introduction on the genesis of this thesis and to the

studies that were conducted and are reported in the following chapters.

Chapter 2 — Systematic reviews (Studies 1 and 2)

Chapter 2 reports on the two systematic reviews, one on surgeons, one on all other
medical doctors, of published studies on doctors' effects on patients’ physical
health after accounting for all known information about the doctor, patient,
intervention, and any additional information such as medical institution and

geographical area.



Chapter 3 — Methodological review (Study 3)

Chapter 3 reports on the methodological review on how to report the doctors’ effect on

patients’ physical health.

Chapter 4 — Qualitative study of doctors (Study 4)

Chapter 4 reports on a qualitative study of 13 medical doctors on their experiences of

exceptionally good doctors.

Chapter 5 — Cross-sectional survey of the general public (Study 5)

Chapter 5 reports on a survey of the general public on their experiences with and

ratings of exceptionally good doctors.
Chapter 6 — Conclusions and implications

This final chapter provides a summary and discussion of the main results of all three
studies, implications for practice and further research and present overall conclusions.






CHAPTER 2:

SYSTEMATIC REVIEWS (STUDIES 1 AND 2)

Study 1: Is there a surgeons’effect on patients’physical health, beyond the
intervention, that requires further investigation? A systematic review.
https://doi.org/10.2147/TCRM.S357934

Study 2: Is there a doctors’ effect on patients’ physical health, beyond the
intervention, that requires further investigation? A systematic review.
https://doi.org/10.2147/TCRM.S372464


https://www.dovepress.com/is-there-a-surgeons-effect-on-patients-physical-health-beyond-the-inte-peer-reviewed-fulltext-article-TCRM
https://www.dovepress.com/is-there-a-doctors-effect-on-patients-physical-health-beyond-the-inter-peer-reviewed-fulltext-article-TCRM

2.1 Summary

The genesis of Studies 1 and 2; systematic reviews of the effect of surgeons and
other medical doctors on patients’ physical health, took some time to develop at the
beginning of this PhD project. My literature review was initially fruitless, when looking for
a doctor’s effect. Research into the placebo effect,?*3° an effect of medical intervention
for which there is no explanation as to cause and thereby could also include a doctor’s
effect, proved to be a dead end. The second dead end was research into the large
volume of literature on doctors’ burnout where any conclusion that burnout (depression
at work but not outside of work) has an influence on the effectiveness of doctors is
controversial.?™3® The first breakthrough in research came from finding out about
the extensive investigations into a therapists’ effect in psychotherapy. Researchers
established that there are large differences between therapists, with some therapists
performing much better or much worse than the average therapist, in improving a
patients’ mental health outcomes.3*3°

Since 1996, evidence-based medicine has moved away from doctor-centred research
and moved towards guidelines and research results becoming more influential in
research on medical intervention. Numerous studies in evidence-based medicine
have demonstrated that the opinions of senior doctors are not a substitute for well-run
and properly conducted clinical trials. Opinions are considered the lowest rung in the
hierarchy of evidence while randomised controlled trials constitute both the highest
and second-highest rank of that hierarchy.’® However, evidence-based medicine as
a major change in medicine has not necessarily led to an increase in life expectancy
or population health.?® In fact, in some countries and for some population groups life
expectancy experienced a drop®” even before Covid-19.38 What does have an influence
on population health, is the level and quality of primary care, the least prestigious of the
medical specialties.3%*

Anecdotal evidence suggests many patients are of the opinion that there are differences
in quality between doctors but the literature showed no analogue for the therapists’
effect among doctors, an effect that persists even after accounting for all known factors.

By now the PICO42 had become very simple: It consisted only of P (Population) =
Medical Doctors and O (Outcome) = Patients’ physical health outcomes. There was

initially no | (Intervention) or C (Control). That simplicity led me to construct a systematic
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review to see how many among the 25+ million published medical research papers, as
per a Scopus search, showed a doctors’ effect after accounting for all known factors.
Despite the simplicity of the question the search strategy became elaborate and
complicated as such a result in most published papers was only a secondary result
or could only be inferred from the reporting. The search terms can be found in the
appendix of the systematic reviews. Due to this complexity, the search strategy yielded
just over 10,000 publications to review, further qualification led to only 79 medical

papers making the final cut

The reporting of a doctors’ effect on patients’ physical health varied substantially
and it took several, weeks to make sense of the results until it, again, became very
simple: most papers showed one of two and in a few cases both items: they either
graded doctors by results, with or without showing outliers whose performance 95%
confidence interval was wholly above or below the average performance, or, showed
the percentage of variation in patients’ physical health outcomes that are due to the
doctors’ intervention. The latter type of results was described in many different ways
and a thorough analysis was required to uncover that the studies expressed the same

concept, specifically variations of the intra-class correlation coefficient (ICC)

The outcome was that there is a doctors’ or surgeons’ effect on patients’ physical
health, that it varies in impact from the negligible to the substantial with even a small
ICC of 1% having a substantial effect if it happens in a randomised controlled trial43
and that, in many cases, the risk- and demographic-adjusted performance of doctors
also varies, with that variation ranging from very small to large. More information on the
consequences of small ICCs is provided here.3% P9 170:44.pg 53:45

In the doctors’ systematic review (study 2), the ICC was available for 43 combinations
of intervention and outcome. An ICC >=1 was measured for 32 (74%) outcomes, of
these 21 (49%) had an ICC >= 2, 11 (26%) an ICC >=5, 6 (14%) an ICC >= 10, and 2
(5%) with an ICC >= 20.

The surgeon’s effect on patients’ physical health was even more pronounced, with the
ICC available for 53 combinations of intervention and outcome. Of these 53 outcomes,
43 (81%) had an ICC >=1, of those, 41 (77%) an ICC >= 2, 24 (45%) an ICC >= 5, 15
(28%) an ICC >= 10, 11 (21%) an ICC >= 20, 7 (13%) an ICC >= 30, and 3 (6%) an
ICC >= 40.
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It follows that in the large majority of measured patients’ physical health outcomes it
mattered greatly which doctor or surgeon was chosen as 78% of measured outcomes
had an ICC >= 1, with 22% of the time the effect being 10 times as strong with an ICC
>=10.

The ICC was calculated after accounting for all known information such as doctors’

demographics, hospital effects, and patient risk factors.
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health. Clinical outcomes of surgery patients with similar prognoses cannot be fully explained by surgeon
skill or experience. Just as there are “hospital” and “psychotherapist” effects, there may be “surgeons” effects that persist after
controlling for known variables like patient health and operation riskiness.

Methods: Cohort studies and randomized controlled trials (RCTs) of any surgical intervention, which, after multivariate adjustment,
either showed proportion of variance in patients’ physical health outcomes due to surgeons (random effects) or graded surgeons from
best to worst (fixed effects). Studies with <15 surgeons or only ascribing surgeons’ effects to known variables excluded. Medline,
PubMed, Embase, and PsycINFO were used for search until June 2020. Manual search for papers referring/referred by resulting
studies. Risk of bias assessed by Cochrane risk-of-bias tool and Newcastle-Ottawa Scale.

Results: Included studies: 52 cohort studies and three RCTs of 52,436+ surgeons covering 102 outcomes (33 unique). Studies either
graded surgeons from best to worst or calculated the intra-class correlation coefficient (ICC), the percentage of patients’ variation due
to surgeons, in diverse ways. Sixteen studies showed exceptionally good and/or bad performers with confidence intervals wholly above
or below the average performance. ICCs ranged from 0 to 47%, median 4.0%. There are no well-established reporting standards;
highly heterogeneous reporting, therefore no meta-analysis.

Discussion: Interpretation: There is a surgeons' effect on patients’ physical health for many types of surgeries and outcomes, ranging
from small to substantial. Surgeons with exceptional patient outcomes appear regularly even after accounting for all known
confounding variables. Many existing cohort studies and RCTs could be reanalyzed for surgeons’ effects especially after methodo-
logical reporting guidelines are published.

Conclusion: In terms of patient outcomes, it can matter which surgeon is chosen. Surgeons with exceptional patient outcomes are
worth studying further.

Keywords: physicians, physicians’ effect, doctors’ effect, therapists’ effect, practice effect, clinical competence, professional practice

gap, surgeons’ practice pattern, quality of health care, delivery of health care

Introduction
What is already known on this topic: Previous research has shown associations between characteristics of surgeons, such
as their level of surgical experience, and patient health outcomes. It is unclear whether surgeons have an influence on
patients’ physical health that has not been captured by known variables and how large that influence is.

What this study adds: This study is the first systematic review of unexplained surgeons’ influence on patients’
physical health. Findings are highly variable, depending on the type of outcome and surgery that can result in substantial
differences in patient health outcomes between surgeons.
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Rationale

If you want to find a good surgeon, an internet query will provide advice from many sources.” > There are also databases
of what the database provider considers to be the best surgeons, calculated from raw death and complication rates plus
other doctors’ recommendations.® Surgeons themselves have given their opinion on what makes a good or outstanding
surgeon,” ! with Barry Jackson’s essay perhaps being the most comprehensive.'> However, this information mostly
relies on personal experiences, although Jackson’s essay does mention “First-class outcomes after allowing for case-
mix”. Existing evidence suggests that some surgeons are more effective at applying interventions than others as there is,
for example, a substantial volume effect, ie case volume, and years of practice effect in a number of surgical
specialties.'>!'* In fact, there are few studies where author-selected outstanding practitioners are investigated,'>!” with
only Schenck et al mentioning surgeons.

It is well established that there is a hospital effect, ie that hospitals have a substantial influence on patients’ health
outcomes and that there are wide variations in patients’ health outcomes between hospitals.'®>* There is also substantial
research on a therapist effect in psychotherapy with wide variations among therapists, so much so that this finding has
made it into training material for psychotherapists.”**> Recent research also suggests that provider expectations could
have a causal role in treatment effectiveness.?® At the same time, the placebo effect, which can be substantial,27 including

28731 with some dissent for orthopedic surgery,®” is suggestive of a surgeon’s effect. The placebo effect shows

in surgery
that even with an inert or inactive intervention, there is an effect on patients. It is possible that part of this effect is due to
the surgeon administering the placebo, usually a type of sham surgery.® However, there are currently no well-established
standards on how to assess surgeons as an intervention in their own right or as an effect modifier of a given intervention.
Recent research has endeavored to analyze the effect size of surgeons™ by investigating 10 surgical trials for surgeon
intra-cluster correlation coefficients (ICCs) and found that surgeons have a range of effects on patient health that differ
between surgical specialties.

1** of 2149 surgeons performing 569,767 emergency surgeries it was shown that in five

In the study by Udyavar et a
out of seven types of surgery, surgeons were responsible for 23% to 47% of the variability in patient mortality. This
difference in outcome could not be explained by the choice of treatment, prognostic or diagnostic factors, patient clinical
or demographic factors, hospital-level factors, or surgeon volume. To date studies such as Udyavar et al have not been

synthesized. In this systematic review we have addressed this gap in the literature.

Objectives

This systematic review aims to identify and evaluate all the research to date examining the effect of surgeons on patient
physical health outcomes after known variables have been accounted for. It is part of a larger research project that
includes a systematic review of non-surgical practitioners, and a methodological study on how to report practitioners’
effects on patients’ physical health.

Methods

Eligibility Criteria

A systematic review was conducted following Synthesis without meta-analysis (SWiM) guidelines.*® This review limits
itself to studies that investigated actual patients’ physical outcomes and excluded studies that focused on patients’
opinions or satisfaction levels, with the rationale that these outcomes are often a more ambiguous way to measure

surgeons’ effects.*
The PICO is as follows:

Population P Surgeons

Intervention |

Comparison c
Outcome (o] Surgeons’ effect on patients’ physical health outcome
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Information Sources and Search Strategy

We initially searched three databases: Medline via its PubMed interface, Embase, and PsycINFO from inception to
June 2020 to identify relevant studies that investigate the influence of surgeons on patients’ physical health outcomes.
The search strategy used for each database is reported in Supplemental File 1 and was designed by JMC, a specialist in

this area. In addition to the electronic search of databases, we further manually searched the references lists of the eligible
articles and previous systematic reviews to identify potentially relevant studies that did not appear in the literature search.
The following systematic review registries were searched for similar reviews: PROSPERO and Cochrane’s CENTRAL
register. One study was suggested by a reviewer.’

Selection Process and Further Eligibility Criteria
Two reviewers independently screened titles/abstracts for inclusion. Any discrepancies were resolved by discussion or in
consultation with a third reviewer.

Study designs considered for inclusion were retrospective and prospective observational studies, case-control studies,
and randomized controlled studies, where either the proportion of variance in patient outcomes explained by differences
between practitioners, ie practitioners’ random effects, are measured, or the difference between the individual practi-
tioners is highlighted, ranging from best to worst, ie practitioners’ fixed effects are measured. Any medical practitioner
except psychotherapists were included. At this stage both surgeons and doctors who were not surgeons were included,
however this paper only includes studies of surgeons. All other medical doctors are reviewed in a separate paper.

Any patient’s physical health-related outcome was eligible, examples of which are repair reoperations, readmission
rate, survival/mortality rate, embryo transfer rate, length of hospital stay, infection rate, estimated blood loss, recurrence
rates, pain, and other post-operative complications. There were no date or language restrictions.

We excluded studies that only ascribed a surgeons’ effect to particular surgeon-related variables, such as volume of
procedures performed or specialty of surgeon; studies with fewer than 15 surgeons; cross-sectional studies, ie surveys of
doctors or patients, as they had an increased risk of bias; and two studies that mentioned fixed or random effects but did
not actually list the effects either graphically or in numerical form.**3°

The authors could not find a recommendation for the minimum number of clusters in a study for a systematic
review — in this case the minimum number of practitioners. We took 15 practitioners as the smallest cluster size but
appreciate that this is an arbitrary number. (Figure 1).

Data Collection Process and Data Items
Titles and abstracts were collected using Endnote 9 and uploaded into Rayyan for inclusion or exclusion where the two
reviewers independently screened titles and abstracts. The resulting eligible studies were marked as members of a group
in the original Endnote library and their full text documents were added to the library.

CS and a second extractor independently and in duplicate extracted the relevant data from each eligible study and
collected the following variables using Excel:

e Unique publication identifier consisting of first author and year
e Surgical specialty

e Type of study (RCT, Cohort)

e Type of intervention (can be multiple)

¢ Outcome type (multiple)

¢ Significant surgeons’ effect as per authors’ evaluation Y/N
e Number of surgeons

e Number of patients or procedures

e Number of hospitals/institutions

e [CC (intra-class correlation coefficient) Number/NS

e Multivariate analysis Y/N
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Figure | Flow diagram of selection of included documents.

e Number of negative and positive outliers
e Country of origin

Study Risk of Bias Assessment
Two reviewers independently used the Cochrane risk-of-bias assessment tool” for the three included randomized
controlled studies (Figures 2 and 3), and the Newcastle-Ottawa Scale (NOS) for the included cohort studies.***'

Effect Measures

The metric for the fixed effects is the percentage of positive and negative outliers as defined in the individual study
reports. The metric for the random effects is the variance due to the practitioner or the intra-class correlation coefficient,
defined as the variation in patient outcome due to the practitioner as a percentage of the total variation.
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Random sequence generation (selection bias)
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Figure 2 First risk of bias chart for the three randomized controlled trials included.
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Figure 3 Second risk of bias chart for the three randomized controlled trials included.

Synthesis Methods
As the data are highly heterogenous and there are no established standards on recording doctors’ effects or surgeons’
effects, no statistical synthesis was used. There were 14 surgical specialties plus two papers covering multiple surgeries,
50 separate interventions and 31 separate outcomes.

The surgeons’ effect on patients’ physical health is described in two ways, using multilevel mixed effects regression

modelling or hierarchical regression to understand both surgeon and system-level variation.****

Percentage of Variation in Patient Outcome Due to the Surgeon in the Form of the Intra-Class Correlation
Coefficient (ICC)
Post-regression estimation gives the ICC, which as a number ranging from 0 to 1, gives the percentage of variation in
outcome due to each level in the regression model. For example, in a three-level model of patients clustered per doctor,
who in turn were clustered within hospitals, each level has an ICC with the total ICCs adding up to 1. In order to realize
this, the studies included random effects for surgeons, and at times hospitals or other aggregators, such as county.
Patient risk scores and other available variables like surgeon demographic data or year of intervention were included
as fixed effects in the regression analysis. The quality and depth of the analysis varied greatly between papers.
Confidence intervals for the ICC were not reported.** A high quality study is Papachristofi et al.** There is also

substantial other research on the ICC.**!
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Grading Surgeons from Best to Worst

In this approach surgeons are ranked by their patient results, usually with a 95% confidence interval and either the raw,
unadjusted scores are reported, or patient risk scores and/or surgeon demographic variables and other data, such as year
of operation, are included in the model. In the majority of cases the method to calculate the interval is not mentioned,

though there are exceptions®> "

and surgeons whose 95% confidence intervals rank wholly above or below the mean rate
of outcomes are considered to be outliers. Reporting is done by listing the count of outliers, or graphically through

a caterpillar or a funnel plot,®® with a caterpillar plot being an outcome-ordered forest plot.

Reporting Bias and Certainty Assessment
Due to there being no synthesis, reporting bias and certainty assessments were not undertaken.

Results
Study Selection

Overall, 4713 records were identified from electronic records, in addition to 6461 from other sources. After removing the
1224 duplicates, 10,239 studies underwent screening for eligibility. Then, full-text versions were retrieved for 471
records. One study was added by a reviewer. Finally, after exclusion of ineligible articles, 55 studies of more than 52,436
surgeons were included in the final synthesis.

Study Characteristics

The 55 studies that are included reported 102 outcomes, 33 of which are unique. Of the outcomes, 28 (20 studies)
34,77-87

55-57,59,61-76

graded individual surgeons’ performance from best to worst; 38 (12 studies) recorded an ICC due to surgeons in

a multivariate multi-level analysis; 14 (8 studies)* 4353388891 recorded both; 20 (13 studies)’’-3>9 192 provided a non-

standard description of fixed effects; and 1 provided an ICC plus a non-standard description of fixed effects.'®®> One study'**

graded surgeons from best to worst in one outcome (complications) and used a non-standard fixed effects description for

another outcome (mortality).

37,80,93

Of the 55 studies, three were randomized controlled trials, and 52 were observational cohort studies. The

studies included various surgical specialties or aggregates thereof, including 8 or more specialties,®"*! breast
surgery,59’73’74"1°‘ 44,45,52,53,56,65-67,70,89,90,99,100 34,61,68.71,78,85,92,103,104  pN[T

surgery,’” gastrointestinal surgery,
55,76,84,102

cardiac surgery,
34,83

colorectal surgery,

34,37,57,77,79,82,86,93,95,96,102

general surgery, obstetrics,*® ophthalmology,’” ortho-

72,98 62-64,69,88,94,102 38 studies

pedic surgery, rectal surgery, spinal surgery,’® trauma surgery,®’ and urology.
were conducted in the USA, 10 in the UK, two in Austria and Sweden, one each in Canada, France, and Germany. The
volume of included surgeons ranged from 17 to 14,598. The characteristics of the included studies are summarized in

Table 1.

Risk of Bias in Studies

For the cohort studies, of 97 outcomes in 52 studies, (1) scored 7 stars, (21) 8 stars and (75) 9 stars out of a maximum of
9 stars on the Newcastle-Ottawa Scale.***" All studies scored the maximum points on the selection criteria and the
outcome criteria. Those with 7 and 8 stars scored either 0 or 1 on comparability while the 9-star studies scored 2
(Table 1). The detailed risk of bias assessment of the three randomized controlled trials, using Cochrane RoB, is
described in Figures 2 and 3, and Supplemental File 2.

Results of Individual Studies

Altogether 10 studies published caterpillar plots®®-¢1:64:67.71.74-76.89.91

and five studies presented funnel plots 666870

The plots showed the performance of surgeons for a particular patient outcome, usually sorted by performance, providing

a 95% confidence interval for each surgeon and indicating whether that confidence interval was wholly above or below

62,66,67,69,70,91

the average performance. Results ranged from no over- or underperformer to substantial numbers of

both 59,61,62,64,72,73,75,76
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Table | Characteristics of Included Studies

Publication Specialty Detailed Intervention | Surgeons | Patients/ Institutions | Outcome NOS
Procedures A

Anderson, Cardiac surgery | Norwood operation NS 2880 35 Mortality 9

2016

Aquina, Colorectal Colorectal resection NS 158,596 NS C. difficile infection 9

20152 pg surgery

el63

Aquina, Colorectal Upper Gl cancer 223 14,875 99 Blood transfusion, 9

2015b°' surgery resection wound infection,
pneumonia, sepsis

Aquina, Colorectal Colorectal resection 3481 125,160 210 Blood transfusion, 9

2016'% surgery wound infection,
pneumonia, sepsis,
intra-abdominal abscess

Aquina, 2017”7 | General surgery | Inguinal hernia operation | 1572 124,416 260 Reoperation 9

Ventral hernia operation | 2012 78,267 256 Reoperation 9

Arvidsson, General surgery | Hernia operation 25 1068 7 Recurrence RCT

2005

Becerra, Colorectal Lymph node 1503 12,332 187 Suboptimal care 9

201778 surgery examination in

colectomy

Begg, 2002%? Urology Radical prostatectomy 159 10,737 72 Postoperative 9
complications
Incontinence 9
Late urinary 9
complications
Mortality 9

Bianco, 2005% | Urology Radical prostatectomy 159 5238 NS Complications 9
Incontinence 9
Late urinary 9
complications

Bianco, 2010%* | Urology Radical prostatectomy 54 7725 4 Cancer recurrence 9

Bolling, 2010%® | Cardiac surgery | Mitral valve repair/ 1088 28,507 639 Mitral valve repair rates | 9

replacement

Bridgewater, Cardiac surgery | Coronary artery surgery | 23 8572 4 Mortality 9

2003’

Bridgewater, Cardiac surgery | Aortic valve surgery 25 1097 4 Mortality 8

2005%¢

Coronary artery surgery | 25 9066 4 Mortality 8

Burns, 201 18 Colorectal Colorectal surgery 1557 246,469 156 Reoperation 9

surgery

Cromwell, Urology and Urinary-genital tract 490 1194 129 Reoperation 8

2013%° Gynecology fistula

Dagenais, Urology Partial nephrectomy 19 1461 | Estimated blood loss 9

2019%

Duclos, 20127° | General surgery | Thyroid surgery 28 3574 5 Hypoparathyroidism 9
Recurrent laryngeal 9
nerve palsy

Eastham, Urology Radical prostatectomy 44 4629 2 Positive surgical margins | 9

2003%*

(Continued)
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Table | (Continued).

Publication Specialty Detailed Intervention | Surgeons | Patients/ Institutions | Outcome NOS
Procedures *
Eklund, 2009°7 | General surgery | Inguinal hernia repair 48 1275 NS Recurrence RCT
surgery
Faschinger, General surgery | Cataract surgery 17 36,329 | Capsule rupture 9
2011%
Fountain, Obstetrics Hysterectomy, 43* 876 28* Complications RCT
2004%° Abdominal
Hysterectomy, Vaginal 43* 504 28* Complications RCT
Gani, 20158 [See on right] 8 (cardiac, GI* surgery, 56 22,559 | Readmission 9
trauma, HPB*, BME*,
thoracic, transplant,
vascular)
Glance, 2006°® | Cardiac surgery | Cardiac surgery 138 51,750 33 Mortality 9%
Glance, 2016%° | Cardiac surgery | CABG* 241 55,436 40 Major complications or | 9
mortality
Grant, 20087° Cardiac surgery | Cardiac surgery 31 14,637 4 Mortality
Healy, 2017”" Colorectal Minimally invasive 97 3118 46 Complications
surgery colectomy
Open colectomy 97 2078 46 Complications
Hermanek, Rectal surgery Rectal carcinoma 43 1121 7 Mortality
1999”2 resection
Hermann, General surgery | Primary surgery for 20 16,443 | Recurrent laryngeal 8
2002% benign thyroid disease nerve injury (RLNI)
Hoffman, General surgery | General surgery 1128 183,283 601 Complications 9
2017%2
Huesch, Cardiac surgery | CABG* 398 221,327 75 Mortality 8
2009
Hyder, 2013% | Gastrointestinal | Pancreatoduodenectomy | 575 1488 298 Readmission 9
surgery
Johnston, Ophthalmologist | Cataract surgery 404 55,515 12 Posterior capsule 8
2010”7 rupture (PCR)
Justiniano, Rectal surgery Rectal carcinoma 345 1251 118 Mortality 9
2019%8 resection
Kaczmarski, Breast surgery Breast-conserving 5337 291,065 NS Reoperation 9
20197 surgery
Kissenberth, Orthopedic Rotator cuff repair 57 1703 NS Single Assessment 8
2018% surgery Numeric Evaluation
(SANE) score
Landercasper, Breast surgery Breast-conserving 71 3954 NS Reoperation 9
20197 surgery
LaPar, 2014’ Cardiac surgery | Mitral valve repair/ 93 4194 17 Lack of repair 8
replacement
Likosky, Cardiac surgery | CABG* 32 11,838 8 Postoperative low- 9
2012'%° output failure
Luan, 2019°7 General surgery | Bariatric surgery 38 1277 21 Complications 9
Martin, 2013°® | Spinal surgery Lumbar fusion 298 6091 43 Complications 9
Martin, 2013°® | Spinal surgery Lumbar fusion 298 6091 43 Reoperation 9
McCahill, Breast surgery Breast-conserving 54 2206 4 Reoperation 9
2012°° surgery
(Continued)
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Table | (Continued).

Publication Specialty Detailed Intervention | Surgeons | Patients/ Institutions | Outcome NOS
Procedures w3

Papachristofi, Cardiac surgery | Cardiac surgery 18 18,426 | Mortality 9

2014%

Papachristofi, Cardiac surgery | Cardiac surgery 127 110,769 10 Mortality 9

2016*

Papachristofi, Cardiac surgery | Cardiac surgery 127 107,038 10 Length of stay 9

2017%

Quinn, 2018°" | All surgeries All surgeries 2724 123,141 51 Any morbidity 9
Death or serious 9
morbidity
Mortality 9
Readmission 9
Reoperation 9
Surgical site infection 9

Rudmik, ENT surgery Endoscopic sinus 43 2168 NS ESS* revision rate 9

20177 surgery

Schumacher, Breast surgery Breast-conserving 93 3470 56 Reoperation 7

2017'° surgery

Shih, 2015% Colorectal Colectomy 345 5033 24 Complications 9

surgery

Singh, 20187 | Orthopedic Spine surgery 3987 39,884 NS Length of stay 8

surgery/
Neurosurgery
Readmission 8

Thigpen, Orthopedic Rotator cuff repair 34 995 | ASES* performance 8

2018> surgery score

Udyavar, Colorectal Colectomy 2149* 569,767* 225% Complications 9

2018a* surgery
Mortality 9
Readmission 9

Gastrointestinal | Peptic ulcer disease 2149* 569,767* 225% Complications 9
surgery

Mortality 9

Readmission 9

Small bowel resection 2149* 569,767* 225% Complications 9

Mortality 9

Readmission 9

General surgery | Appendectomy 2149* 569,767* 225% Complications 9

Mortality 9

Readmission 9

Cholecystectomy 2149%* 569,767* 225% Complications 9

Mortality 9

Readmission 9

Laparotomy 2149%* 569,767* 225% Complications 9

Mortality 9

Readmission 9

Lysis of adhesions 2149%* 569,767* 225% Complications 9

Mortality 9

Readmission 9

(Continued)
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Table | (Continued).

Publication Specialty Detailed Intervention | Surgeons | Patients/ Institutions | Outcome NOS
Procedures *
Overall 2149 569,767 225 Complications 9
Mortality 9
Readmission 9
Udyavar, Trauma surgery | Trauma surgery 175 65,706 31 Mortality 9
2018b%
Udyavar, General surgery | Emergency surgery 5816 215,745 198 Complications 9
2019%
Xu, 2016'%* Colorectal Colectomy 276 2525 44 Complications 9
surgery
Mortality 9
Xu, 2019'%2 General surgery | Laparoscopic 2476 1,884,842%* NS Complications
cholecystectomy
Urology Other transurethral 1663* 1,884,842* NS Complications 8
prostatectomy
Radical prostatectomy 1663* 1,884,842* NS Complications
Orthopedic Cervical spinal fusion 10,459* 1,884,842* NS Complications
surgery
Lumbar spinal fusion, 10,459* 1,884,842* NS Complications 8
anterior column
Lumbar spinal fusion, 10,459* 1,884,842* NS Complications 8
posterior column
Total hip arthroplasty 10,459* 1,884,842%* NS Complications 8
Total knee replacement 10,459* 1,884,842* NS Complications

Notes: *The values are for the whole study population. Values for each subgroup were not reported.

Abbreviations: **ASES, American Shoulder and Elbow Surgeons; BME, breast, melanoma, and endocrine surgery; CABG, coronary artery bypass grafting; ESS, endoscopic
sinus surgery; EQ-5D, quality of life via the Euro-Qol; GI, gastro-intestinal; HPB, hepatopancreatic biliary; NOS, Newcastle-Ottawa Scale for assessing risk of bias of cohort
studies; NS, not stated, the number is not given and most likely greater than one.

Of the papers that reported fixed effects, 15 recorded exceptional performers after taking account of all known
variables, including demographic variables of the practitioners, such as experience, volume of patients/procedures, and

55,59,61-66,68,71,73-76,91 Other

hospital effects (which themselves can be substantial). studies (n=22) published a random

effect, worded many different ways, that showed the Intra-Class Correlation (ICC) effect 3*44:43:33:57:58.77-91.103 e
random effects reported ranged from zero (ICC of 0.0%) to substantial (ICC of 10% or higher). (Tables 2 and 3, and
Figures 4 and 5).

Only for a. complications after colectomy and b. mortality after cardiac surgery was there more than one study
included that reported an ICC. As these are the only outcomes with multiple ICCs, a more detailed analysis follows:

For colectomy, Shih et al® reported an ICC of 14.0% and Udyavar et al** an ICC of 2.3%. Udyavar defined
complications as any of “pulmonary embolism, sepsis, myocardial infarction, acute renal failure, and cardiac arrest”’
while Shih defined a much longer list of items as complications, including surgical site infection; wound disruption;
multiple types of infection; unplanned intubation; transfusion; multiple stroke or clotting diagnoses; multiple heart issues;
renal complications or failure; extended coma or mechanical ventilation; nerve damage; failure of the graft or prosthesis;
bowel obstruction; and anastomotic leak. For mortality after cardiac surgery three studies**>*°° reported an ICC of 2.8%
to 5.9% (Table 2).

Results of Syntheses, Reporting Biases and Certainty of Evidence
Not applicable as there was no synthesis.
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Table 2 Publications by Outcome and Numerical Results

Outcome Specialty Detailed Intervention Publication ICC Outliers %
Negative | Positive
Complications | Any morbidity All surgeries All surgeries Quinn, 2018°' | 22% | 0.18% 0.22%
Blood transfusion, wound infection, Colorectal surgery Upper Gl cancer resection Aquina, 13.0% 28.0%
pneumonia, sepsis 2015b°
Blood transfusion, wound infection, Colorectal surgery Colorectal resection Aquina, 24.3% | Other Other
pneumonia, sepsis, intra-abdominal abscess 2016'%
C. difficile infection Colorectal surgery Colorectal resection Aquina, Other Other
201522 pg
el63
Capsule rupture General surgery Cataract surgery Faschinger, Other Other
2011%
Complications (postoperative) Colorectal surgery Colectomy Shih, 2015% 14.0%
Udyavar, 2.3%
20182*
Xu, 2016'%* 33% NS
Minimally invasive colectomy Healy, 20177 10.3% 7.2%
Open colectomy Healy, 20177 9.3% 5.2%
Gastrointestinal surgery Peptic ulcer disease Udyavar, 0.03%
20182%
Small bowel resection Udyavar, 0.02%
20182%
General surgery Appendectomy Udyavar, 0.2%
20182*
Bariatric surgery Luan, 2019%7 2.6% 15.8%
Cholecystectomy Udyavar, 0.1%
20182%
Emergency surgery Udyavar, 27.3%
2019%
General surgery Hoffman, 6.2%
2017%
Laparoscopic cholecystectomy Xu, 2019'%2 Other Other
Laparotomy Udyavar, 0.1%
20182*
Lysis of adhesions Udyavar, 0.0%
20182%
(Continued)
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Table 2 (Continued).

Outcome Specialty Detailed Intervention Publication ICC" | Outliers %
Negative | Positive
Overall (Emergency general surgeries) | Udyavar, 0.1%
20182%
Obstetrics Hysterectomy, Abdominal Fountain, 7.4%
2004%°
Hysterectomy, Vaginal Fountain, 0.5%
2004%°
Spinal surgery Lumbar fusion Martin, 2.6% 3.7% 0.0%
2013%®
Urology Other transurethral prostatectomy Xu, 2019'%2 Other Other
Radical prostatectomy Begg, 2002°* 8.0% 3.0%
Bianco, 7.5% 2.5%
2005°3 *
Xu, 2019'% Other Other
Orthopedic/Neuro-surgery Cervical spinal fusion Xu, 2019'%2 Other Other
Lumbar spinal fusion, anterior column | Xu, 2019'02 Other Other
Lumbar spinal fusion, posterior Xu, 2019'02 Other Other
column
Total hip arthroplasty Xu, 2019'%2 Other Other
Total knee replacement Xu, 2019'02 Other Other
Death or serious morbidity All surgeries All surgeries Quinn, 2018°' | 2.0% | 0.15% 0.15%
Estimated blood loss Urology Partial nephrectomy Dagenais, 14.4% | 10.5% 10.5%
2019% #*
Hypoparathyroidism General surgery Thyroid surgery Duclos, 32.0%
20127
Incontinence Urology Radical prostatectomy Begg, 2002°? 9.0% 3.0%
Bianco, 9.4% 2.5%
2005°3 *
Late urinary complications Urology Radical prostatectomy Begg, 2002°? 13.0% 14.0%
Bianco, 13.2% 14.5%
2005°3 *
Major complications or mortality Cardiac surgery Cardiac surgery Glance, 1.76% | 3.3% 1.7%
2016%
Posterior capsule rupture (PCR) Ophthalmologist Cataract surgery Johnston, Other Other
2010”7

|e 39 3|pUYyds

aro(q


https://www.dovepress.com
https://www.dovepress.com

a0

81:770T 3uswaSeueyy sty [ed1ulD pue sonnadessay ]

:sdyzy

6Ly

Length of stay

Mortality

Recurrent laryngeal nerve injury (RLNI)

Recurrent laryngeal nerve palsy

Surgical site infection

General surgery

General surgery

All surgeries

Cardiac surgery

Orthopedic/Neuro-surgery

All surgeries

Cardiac surgery

Colorectal surgery

Gastrointestinal surgery

General surgery

Primary surgery for benign thyroid
disease

Thyroid surgery

All surgeries

Cardiac surgery
Spine surgery
All surgeries

Aortic valve surgery

CABG

Cardiac surgery

Coronary artery surgery

Norwood operation

Colectomy

Peptic ulcer disease

Small bowel resection

Appendectomy

Hermann,
2002%¢
Duclos,
20127°
Quinn, 2018
Papachristofi,
2017%

Singh, 20187
Quinn, 2018
Bridgewater,
2005 *
Huesch,
200956 ek
Glance,
2006%3
Grant,
200870 *
Papachristofi,
20147
Papachristofi,
2016
Bridgewater,
2003¢”
Bridgewater,
2005 *
Anderson,
2016°2
Udyavar,
20182

Xu, 2016'%*
Udyavar,
20182
Udyavar,
2018a%*
Udyavar,
2018a%*

10.0%

4.5%

2.79%

1.4%

5.9%

2.79%

4.0%

22.9%

47.3%

23.1%

6.9%

Other

0.29%
11.8%

10.0%

0.0%

0.0%

1.2%

3.3%

0.0%

16.7%

15.0%

0.0%

0.0%

Other

Other

Other

0.07%
14.2%

7.2%

0.0%

0.0%

Other

8.7%

0.0%

0.0%

6.3%

0.0%

16.0%

Other

Other

(Continued)
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Table 2 (Continued).

Outcome Specialty Detailed Intervention Publication ICC Outliers %
Negative | Positive
Cholecystectomy Udyavar, 3.5%
20182%*
Laparotomy Udyavar, 33.2%
20182%
Lysis of adhesions Udyavar, 35.5%
20182%*
Overall (Emergency general surgeries) | Udyavar, 32.7%
20182%*
Rectal surgery Rectal carcinoma resection Hermanek, 9.3% 16.3%
19997
Justiniano, Other Other
2019%®
Trauma surgery Trauma surgery Udyavar, 8.7%
2018b%
Urology Radical prostatectomy Begg, 2002°? 0.0% 0.0%
Readmission 8 (Cardiac, GIS, Trauma, HPB, BME, 8 (Cardiac, GIS, Trauma, HPB, BME, Gani, 20158 2.8%
Thoracic, Transplant, Vascular) Thoracic, Transplant, Vascular)
All surgeries All surgeries Quinn, 2018°' | 0.7% | 0.0% 0.0%
Colorectal surgery Colectomy Udyavar, 3.1%
20182%
Gastrointestinal surgery Pancreatoduodenectomy Hyder, 2013% | 0.3%
Peptic ulcer disease Udyavar, 6.8%
20182%
Small bowel resection Udyavar, 2.9%
20182%
General surgery Appendectomy Udyavar, 3.5%
20182%*
Cholecystectomy Udyavar, 3.0%
20182%*
Laparotomy Udyavar, 6.0%
20182%
Lysis of adhesions Udyavar, 4.9%
20182%*

|e 39 3|pUYyds

aro(q


https://www.dovepress.com
https://www.dovepress.com

a0

81:770T 3uswaSeueyy sty [ed1ulD pue sonnadessay ]

:sdyzy

18y

Reoperation

Suboptimal
care
Success or
failure

Reoperation

ASES score

Cancer recurrence

ESS revision rate

Mitral valve repair rates

Positive surgical margins

All surgeries

Breast surgery

Colorectal surgery

General surgery

Spinal surgery

Urology

Colorectal surgery

Orthopedic surgery

Urology

ENT surgery

Cardiac surgery

Urology

Overall (Emergency general surgeries)

All surgeries

Breast-conserving surgery

Colorectal surgery

Hernia operation

Inguinal hernia operation

Ventral hernia operation

Lumbar fusion

Urinary-genital tract fistula

Lymph node examination in colectomy

Rotator cuff repair

Radical prostatectomy

Endoscopic sinus surgery

Mitral valve repair/replacement

Radical prostatectomy

Udyavar,
20182%*
Quinn, 2018°'
Kaczmarski,
20197
Landercasper,
20197
McCahill,
2012%°
Schumacher,
2017'°
Burns,
201168 #*
Arvidsson,
2005
Aquina,
201777
Aquina,
201777
Martin,
2013°%®
Cromwell,
20137 #*
Becerra,
201778
Thigpen,
2018%
Bianco,
2010%
Rudmik,
20177
Bolling,
2010%
LaPar, 2014”°
Eastham,
2003°*

2.3%

3.8%

40.5%

14.0%

9.0%

7.9%

0.04%
17.5%

5.7%

13.0%

Other

0.7%

Other

0.0%

5.9%

8.3%

16.3%

6.6%

Other
Other

0.0%
3.7%

4.3%

31.5%

Other

4.5%

Other

0.0%

8.8%

36.1%

4.7%

7.4%

Other
Other

(Continued)
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Table 2 (Continued).

Outcome Specialty Detailed Intervention Publication ICC Outliers %
Negative | Positive

Postoperative low-output failure Cardiac surgery CABG Likosky, Other Other
2012'%°

Readmission Orthopedic/Neuro-surgery Spine surgery Singh, 20187° 0.1% 0.03%

Recurrence General surgery Inguinal hernia repair surgery Eklund, 2.1%
2009*7

Score ASES" score Orthopedic surgery Rotator cuff repair Thigpen, 5.9% 8.8%

2018>

Single Assessment Numeric Evaluation Orthopedic surgery Rotator cuff repair Kissenberth, 44.0%

(SANE) score 2018%

Notes: "ASES score is American Shoulder and Elbow Surgeons (ASES) performance score; ICC is intra-class correlation coefficient and shows percentage of variance due to practitioner as percentage of total variance after accounting
for all known variables. Outliers are listed for papers where the surgeons were ordered in their effect on patients’ physical health from best to worst or vice versa. The percentages listed are those practitioners whose 95% confidence
interval is wholly below or above the mean. Outliers listed as “Other” sorted their surgeons by physical patient effect but used a different way to present their data. Common examples are a caterpillar plot without confidence intervals
or a bar chart. ¥99% confidence interval to define outliers used. *¥99.8% confidence interval to define outliers used. **90% confidence interval to define outliers used. “Graph too small to calculate positive or negative outliers.
*#Dagenais et al®® also shows precisely 0.00 between-surgeon variance for length of stay, glomerular filtration rate (GFR) preservation, positive margins, chronic kidney disease (CKD) upstaging, Clavien grade 2 | complications, and 30-

day readmission. Operative time had an ICC of 33.4%.
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Table 3 ICC Summary Statistics

ICC n=53 Outcomes

Minimum 0.001%
Maximum 47.3%
Average 10.2%
Median 4.0%

IQR 2.2-14.0%
Standard deviation 0.13

Discussion
In this review, the objective was to determine whether there is a surgeons’ effect on patients' physical health that is
apparent even after accounting for all known variables, such as level of experience. Included studies graded surgeons in
order of performance or listed the proportion of variation that is due to practitioners after taking account of all known
variables. All but three studies were cohort studies. The other three studies were randomized controlled trials. Findings
showed substantial heterogeneity that may be related to type of surgery and type of outcome. After accounting for
surgeons’ experience, patients’ risk, and all other known variables, there remained at times substantial differences in
patients’ physical health outcomes between surgeons. More than a quarter of all studies (15 out of 55) showed high-
volume outliers whose performance is well above the average. In contrast, there were types of surgery/intervention/
outcome combinations that showed little evidence of a surgeons' effect on patients' physical health. These findings are
somewhat consistent with the substantial body of research on a therapist effect in psychotherapy showing a wide
variation in patient outcomes.

With two exceptions the authors only found one study per combination of surgical specialty, intervention and patient
outcome. The first exception was two studies covering complications after colectomy and they had very different ICCs of
14.0%% and 2.3%.>* It seems the much wider definition of “complication” in Shih led to a bigger influence of surgeons

Boxplot of ICC (intra-class correlation coefficient)
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Figure 4 Boxplot of ICC (intra-class correlation coefficient).
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Aquina, 201619 Colorectal resection Complications (multiple)
Aquina, 201777 Inguinal hernia operation Reoperation
Ventral hernia operation Reoperation

Becerra, 201778 Lymph node examination Colectomy Suboptimal care
Dagenais, 201988 Partial nephrectomy Estimated blood loss
Duclos, 20127 Thyroid surgery Hypoparathyrodism
Recurrent laryngeal nerve palsy

Fountain, 20048 Hysterectomy, Abdominal complications
Hysterectomy, Vaginal complications

Gani, 201581 8 Specialties Readmission

Glance, 2006% Cardiac surgery Mortality

Glance, 20168° CABG Major complications or mortality
Hoffman, 201782 General surgery Complications
Hyder, 201383 Pancreatoduodenectomy Readmission
Kissenberth, 201884 Rotator cuff repair SANE score
Martin, 2013%¢ Lumbar fusion Complications
Reoperation

Papachristofi, 2014 Cardiac surgery Mortality
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on the outcome and therefore a higher ICC. The second exception was for mortality after cardiac surgery with three

studies**>3%0

reporting an ICC of 2.8% to 5.9%. Clearly, standardized definitions of physical patient outcomes would
assist comparisons across studies.

A major limitation of the evidence identified in this review is that there is currently no standard way to report
surgeons’ performance on patient's physical health. What does get reported can be divided into either grading individual
surgeons by performance or calculating the percentage of variation in patients’ outcome that is due to the surgeon after
all known variables have been taken into account. Both types of reporting are worded in many different ways, making
discovery of such research difficult as can be seen in that more than 10,000 publications had to be reviewed.

A further limitation is that only for very few papers the primary purpose was to report surgeons’ performance after
taking account of all known variables. Much of the time the reviewed publications’ authors emphasized other aspects of

healthcare.

Summary

In terms of this systematic review, it was revealed that surgeons’ performance data on physical patient health is available
to the authors of many published research studies. However, this data is in most cases either not at all reported or only in
a limited way. This data could easily be included in an article prepared for publication as the data is already available and
often requires minimal or no extra analysis to provide it in the format recommended in the methodological review that is
reviewed for publishing. Publishing this data will also allow these studies to be part of future meta-analyses, gaining
further dissemination of the work.

It seems that the possibility that surgeons are an intervention in their own right, an intervention that can be more or
less effective and an intervention whose effect can be measured, is an area where there has been little systematic
research. This is despite the fact that in psychotherapy it is well established that doctors (therapists) constitute an
intervention in their own right, independent of the actual intervention they use.>*?>

Furthermore, if the intervention is held constant, then surgeons are an effect modifier whose strength varies
substantially depending on the intervention and the patients’ physical health outcome measured.

If it can be established when and how much surgeons constitute an intervention or a substantial effect modifier in their
own right, independent of the intervention they use, then this opens up the possibility that this intervention (surgeons) can
be systematically managed and improved to the benefit of patients, the surgeons themselves, and the entire health system.

None of the studies that identified outstanding surgeons®'-¢4-66:68.71.74-76.89.91

made any recommendations on how to
use this potential quality improvement resource. So far, we see little or no evidence in the literature that even when
exceptional performers have been quantitatively identified, these exceptional performers are used as role models or as
research subjects for qualitative research in order to find out what makes them exceptional.

A key point of this systematic review is that the authors specifically looked for studies that showed a surgeons’ effect
for which there was no explanation, ie a residual effect after all known information had been included in the statistical
analysis. Therefore, the cause of the surgeons’ effect measured is, by the definition of the research question for this
systematic review, not known. This leaves open the question whether the cause is unknowable, or if there are one or more
causes that could be identified in future research.

If we want to know what makes a good surgeon beyond the well-founded opinions of surgeons'? or those who work
with surgeons — and how to train surgeons to be good surgeons — then the first step beyond all the current measures taken
to train surgeons could be to reliably identify outstanding surgeons. Consequently, we can find out if their ability can be
passed on to others and, if yes, to lift the overall standard of healthcare by transferring their exceptional ability to other
surgeons. This is especially so as identifying data is already available in the many datasets consisting of medical records,
some of which were accessed in the cohort studies covered here.

Exceptional performances may be due to personality characteristics that may be hard or impossible to emulate, or we
may find out that the surgeons employ easy to emulate techniques like connecting with patients, or simply have higher
expectations of patient outcomes,?® or we may find that they live stress-resistant lives, or that they are rarely exhausted,
or any other of a myriad of possibilities. If research that investigates exceptional performers identifies simple techniques
or choices made at work, or out of work, that could be emulated relatively easily by many other surgeons, then this could
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lead to fewer complications and more successful surgeries, and there could be large beneficial effects on healthcare costs
and patient health.

However, the misuse of identifying supposed underperformers, for example by disciplining or evicting practitioners
whose performance appears substandard but who are not statistical outliers or whose performance appears substandard
due to a small number of high-risk patients, or due to other confounders like incomplete case-mix or risk score data, is
a danger that can cause substantial harm to the surgeons. Further, an old saying is that what gets measured gets
managed.'® If more data is available for each surgeon, then this data can be misused to disempower practitioners by
adding more and more rules and regulations, and by giving practitioners less opportunity to use their experience and
ability. Such data can also be misused in being available online, especially with insufficient explanations of proper usage;
or being very much out of date, as is the case for two publicly available databases of surgeons whose data in 2021 only

3'% and 2014.° Moreover, giving surgeons key performance indicators of patient outcomes could be an

went until 201
unwarranted intrusion into the doctor/patient relationship and lead to surgeons avoiding high-risk patients, as even a few
such patients can skew an individual surgeon’s patient outcome statistics, confirmed anecdotally here.®® However, this

fact is denied if patients’ risk was accounted for.'”” Hence crude performance data should not be published.®’

Strengths and Limitations of This Study
The strength of this work lies in the broad search of the literature, the condensed and clear reporting of effect size, and
the importance behind the finding that the surgeons’ effect at times has a significant effect size, as big as many non-
surgical interventions themselves. The search term strategy used to identify studies was a complex and complete
combination of terms that should have identified most of the relevant published studies. Furthermore, the references
list of relevant articles and studies citing these articles were screened. This review was not limited by language or by
timeframe.

On the other hand, there are at least three broad limitations. First, the Newcastle-Ottawa Scale (NOS) was used for
quality assessment with the majority of studies scoring between 89 (9 being the maximum total); however, the NOS has

been critiqued for being “difficult to use and [having] vague decision rules”'

which derived from poor or fair inter-rater
reliability between reviewers. However, it is important to note that associations between individual quality domains or
overall quality score and effect estimates were not found. Moreover, the NOS has been endorsed by The Cochrane
Collaboration® for its implementation in systematic reviews of non-randomized studies.

Second, as all of the review’s studies were conducted in North America and Europe, it is unclear whether the findings
can be generalized to other regions, particularly in developing nations.

Finally, while the outcome data was heterogeneous and did not enable a meta-analysis, there was also heterogeneity
regarding surgical specialty, type of intervention, and type of outcome. Thereby, it is difficult to draw conclusions and
synthesize studies with inconsistent outcome measures, and these characteristics have often been found attributable to

a lack of a high level of evidence on the specific research subject.

Conclusions and Implications

Even after accounting for surgeons’ experience, patients’ risk and all other known variables there remain sometimes
substantial differences in patients’ physical health outcomes between surgeons. Therefore it can matter which surgeon is
chosen. At times it is possible to identify high-volume outliers whose performance is well above the average, and it could be
worthwhile to study these surgeons to see whether their excellence can be passed on to their peers. It is evident that there are
currently no well-established standards on how to assess surgeons as an intervention in their own right, thus systematic
approaches to establishing standardized measures are needed, and researching the surgeons’ effect on patients’ physical

health is still in its early stages.
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themselves affect patients’ physical health after accounting for intervention and confounders such as
patients’ and doctors’ data, hospital effects, nor how strong that doctors’ effect is. Knowledge of surgeons’ and psychotherapists’
effects exists, but not for 102 other medical specialties notwithstanding the importance of such knowledge.

Methods: Eligibility Criteria: Randomized controlled trials (RCTs), case-control, and cohort studies including medical doctors
except surgeons for any intervention, reporting the proportion of variance in patients’ outcomes owing to the doctors (random effects),
or the fixed effects of grading doctors by outcomes, after multivariate adjustment. Exclusions: studies of <15 doctors or solely
reporting doctors’ effects for known variables.

Sources: Medline, Embase, PsycINFO, inception to June 2020. Manual search for papers referring/referred to by resulting studies.
Risk of Bias: Using Newcastle—Ottawa scale.

Results: Despite all medical interventions bar surgery being eligible, only thirty cohort papers were found, covering 36,239 doctors,
with 10 specialties, 21 interventions, 60 outcomes (17 unique). Studies reported doctors’ effects by grading doctors from best to worst,
or by diversely calculating the doctor-attributed percentage of patients’ outcome variation, ie the intra-class correlation coefficient
(ICC). Sixteen studies presented fixed effects, 18 random effects, and 3 another approach. No RCTs found. Thirteen studies reported
exceptionally good and/or poor performers with confidence intervals wholly outside the average performance. ICC range 0 to 33%,
mean 3.9%. Highly diverse reporting, meta-analysis therefore not applicable.

Conclusion: Doctors, on their own, can affect patients’ physical health for many interventions and outcomes. Effects range from negligible
to substantial, even after accounting for all known variables. Many published cohorts may reveal valuable information by reanalyzing their
data for doctors’ effects. Positive and negative doctor outliers appear regularly. Therefore, it can matter which doctor is chosen.
Keywords: physicians’ effect, practice effect, physicians’ practice pattern, clinical competence, professional practice gap, delivery of
health care, quality of health care, physicians

Strengths and Limitations
A strength of our review is the comprehensive literature search, using a complex and complete combination of terms for the
search strategy to identify most of the relevant studies; furthermore, we screened the articles’ list of references and studies
citing the article for further eligible studies, with no limitations regarding the language or timeframe. In addition, it is the first
systematic review providing detailed and clear reporting of the effect size, and that the doctors’ effect is often substantial.
Conversely, there is a trio of limitations. First, although the scoring of the Newcastle-Ottawa Scale (NOS) for assessing
the risk of bias showed that the majority of included studies scored a value of 8 or 9 (9 is the maximum total), that scale has
been critiqued for being “difficult to use and [having] vague decision rules”' leading to poor or fair inter-rater reliability
among reviewers. However, The Cochrane Collaboration® has endorsed its implementation in systematic reviews that
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include nonrandomized studies. Second, since all of the included studies were set in Europe and North America, our
findings may not be applicable to other locations, particularly developing nations. Finally, among our included studies, data
was reported too heterogeneously in content and presentation to allow meta-analysis.

1. What is already known on this topic: psychotherapists and surgeons are well known to have a substantial effect on
patients’ physical health. However, the scale of the influence of (non-surgical) medical doctors on patients’
physical health, after accounting for all known confounders, is less understood. In other words, is there a doctors’
effect which there is currently no explanation for?

2. What this study adds: this systematic review is considered to be the first to address the unexplained doctors’ effect on
patients’ physical health, showing that medical doctors can be effect modifiers of interventions. Findings are highly
variable, ranging from little effect through to large effects, where the latter can result in significant differences in
patient’s physical health outcomes, depending on the doctor, which means that it can matter which doctor is chosen.

Rationale

Each year, patients worldwide visit medical doctors billions of times, with 800 million visits in the United States® and
150 million visits in Australia® alone. However, apart from a classic® 1955 essay® that states “[T]he most frequently used
drug in general practice was the doctor himself”, there has been limited research on whether medical doctors, on their
own, can represent an intervention or an effect modifier of interventions, ie whether different doctors who use the same
intervention have differing patient’s physical health outcomes, even after accounting for all known variables, including
doctor demographics and patient risk factors. It is well-known that psychotherapists can have a significant effect on their
patients’ mental health, an effect that equals the strength of pharmaceutical interventions and is mentioned in training
manuals.” It is also known that surgeons, after accounting for all known information,® do have a widely varying effect on
patients’ physical health. Therefore, it would be useful to know whether this applies to other medical doctors, as
a fundamental question in medical research is what effect the medical practitioner has on patients’ physical health. The
doctor certainly has an effect by choosing and applying the intervention, but it is less clear whether the effect goes
beyond the intervention, and whether doctors constitute an intervention in their own right.

Research on general doctors’ performance has concluded that it is difficult to assess practice variation among doctors
and therefore, it is often not worthwhile to direct quality improvement efforts at this level of medical services.”'° However,
some doctors were found to be more effective than others at employing interventions, owing, for example, to a substantial
volume or practice effect in many surgical specialties.'""'” Recent evidence also proposes that patients” outcomes can be
substantially affected by provider expectations.'? In other non-surgical specialties, research conducted on doctors’ effects is

1415 obstetrics,'® and acute care,'” in which physicians’ factors point to

scarcer, with evidence limited to primary care,
a sizeable effect on patients’ health outcomes. Thus, a significant doctors’ effect detected indicates that there are doctors
who perform better than others. Many initiatives aimed at improving medical standards aim to identify underperformers to
either remove them from medical practice or propose strategies to improve their standards.'® 2° However, there seems to be
no systematic review that answers a more basic question: Are there differences among doctors which contribute to creating
an effect on patients’ physical health outcomes, even when all known factors have been accounted for?

In a kitchen, it would be obvious that cooks using the same ingredients have widely varying outcomes. In law,
practitioners charge widely varying rates, with clients presumably assuming that the most expensive lawyers are so much
better than the average lawyer that they are worth their higher fees. No such presumption of substantial differences
between doctors seems to exist in medicine as an established research fact.

If we know whether medical doctors can differ widely in their performance, then we can find out under what
circumstances the effect is large or small, important, or unimportant. In addition, we can check whether there are positive
and negative outliers among doctors, allowing health care services to support the negative outliers to improve, if possible,
and to learn from the positive outliers, and, if needed, make sure that they are treated with the care and respect such
exceptionally good doctors deserve.

This systematic review gives the answer to precisely this question: What research has been published that shows
whether doctors, on their own, have an effect on patients’ physical health outcomes, after taking into account all
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known information? Known information can consist of patient demographics and risk factors, intervention, doctor
demographics such as age, specialization, education and experience, and hospital or area effects such as county or
country effects.

This review further looks at the quality of the publications and their heterogeneity, and whether reporting on
doctors’ performance can be improved and prepared for meta-analysis. It may seem ambitious to cover 102 non-
surgery medical specialties®’ in a single publication but such is the paucity of this material — despite the billions of
interactions of medical doctors each year — that the number of publications found do fit into a single systematic
review. Future reviews may be more focused, but an overarching review is the first step, due to the current lack of

any review.

What is the Current State of Research?

In 2002, the British Medical Journal (BMJ) devoted an entire issue to the following question: “What’s a good doctor and how
do you make one?*? assuming that it would be useful to know what a good doctor is. In this special edition, one article
presented letters from doctors and others attempting to answer these questions. One quote stated: “There is not a single piece of
evidence or the means to measure whether a doctor is good or bad.”** The editorial of that 2002 issue stated

(...) defining a good doctor, I suggest, lies in degree of difficulty somewhere between defining a good composer and a good

human being. In fact, it’s impossible.

Hospitals are known to substantially influence patients’ physical health outcomes and hospital performances regard-
ing patients’ physical health outcomes vary widely.?*° The same is true for larger entities like regions or countries
where mortality rates can differ substantially.*

Recent research has investigated 10 surgical trials, in which the effect size of surgeons was analyzed to assess the
surgeon intra-cluster correlation coefficients (ICCs), ie the percentage of the whole patient outcome variation due to the
surgeon. It revealed that surgeons alone are responsible for a range of effects on patients’ health outcomes, which vary
between different surgical specialties.’

Objectives

This systematic review examines the existing literature on measuring and reporting doctors’ effects on patients’ physical
health after adjusting for known factors for medical doctors that are not surgeons. Psychotherapists are here not
considered to be medical doctors.

Methods

Eligibility Criteria

This systematic review follows the standards set for Synthesis Without Meta-analysis (SWiM).*? Only studies that investi-
gated actual patients’ physical outcomes were included. Scientific publications that reported patients’ opinions or their

satisfaction levels were excluded as these are not patients’ physical health outcomes and often less reliable measurements.>
The study PICO is as follows:

Population P Medical Doctors That are Not Surgeons
Intervention | Any
Comparison C Not applicable
Outcome o Practitioners’ effect on patients’ physical health outcome
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Information Sources and Search Strategy

We conducted a comprehensive search on the following databases: Embase, Medline via PubMed, and PsycINFO, to retrieve
pertinent studies that investigate the doctors’ effect on patients’ physical health outcomes, from inception until June 2020. The
search strategy was designed and developed for each database by JMC, a search specialist (Supplemental File 1). In addition,

using the references lists of the selected articles and former reviews we manually searched for potentially related studies that
may have been missed in the initial literature search. Furthermore, systematic review registries including PROSPERO and

Cochrane’s CENTRAL register were searched for similar reviews.

Selection Process and Further Eligibility Criteria

Two review authors independently screened the titles and abstracts of all retrieved records. Any disagreements were resolved
via discussions and consultation with a third reviewer. We included any case-control study, retrospective or prospective
cohort study, or randomized controlled trial (RCT) that graded individual doctors according to their performance regarding
the patients’ physical health outcomes, or where the percentage of the variance in patients’ outcomes is explained by
differences between doctors. All outcomes related to patients’ physical health were eligible, for example survival/mortality
rate, repair reoperations, hospitalization rates, length of post-procedure stay, readmission rate, post-operative complications,
pain, infection rate, embryo transfer rate, blood pressure, cholesterol, and glycemic control. Surgeons were excluded from
this review as they were reviewed in a separate paper.® No restrictions were placed on publication date or language.

We excluded studies that address only doctors’ effects related to specific known doctor-related variables, such as the
doctor’s specialty or the volume of procedures performed. Studies including fewer than 15 doctors and cross-sectional
studies were also excluded, due to their increased risk of bias.

No authoritative source was found to provide a reference for the smallest number of clusters required for a reliable
ICC estimation. Here the number of referred-to clusters is the minimum number of practitioners to warrant inclusion. We

used 15 as a minimum number but realize this is somewhat arbitrary (Figure 1).

Data Collection Process and Data Items
We used Endnote 9 for exporting the titles and abstracts of retrieved records, which were then uploaded into Rayyan for
screening. Then the potentially eligible records were marked as members of a group in the original Endnote library and
their full text documents added to the library for further full-text screening.

From each final included study, CS and a second extractor independently and in duplicate, extracted the relevant data
into an excel sheet including the following variables:

e Study ID consisting of the first author’s last name and year of publication
e Type of study (RCT, Cohort)

e Country of origin

e Medical specialty

e Type of intervention(s)

e Patients or procedures

e Number of doctors

e Number of hospitals or institutions

e Outcome type(s)

e Number of positive and negative outliers

e Authors’ evaluation of significant doctors’ effect Y/N
e Multivariate analysis Y/N

e [CC (intra-class correlation coefficient)
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Records identified through
searching multiple databases
(n=4,713)

l

Records after duplicates removed
(n=3,778)

!

Records screened via title and
abstract >
(n=3,778)

Records excluded
(n=3,480)

A Full-text articles were excluded (n=179)

Records remaining

(n=298) No fixed or random effects: 172

Abstract only: 2
Unable to retrieve an article: 5

Manually searched the reference list of included

Studies used to identify all citing silian

and cited studies

Additional records identified

(n=119) (n=6,750)
Additional records after duplicates removed
and screencd contr i
(n=6,461) =
Full-text articles were excluded (n=113)
Full-text articles to be for eligibility I No original research: 40
(n=173) No fixed or random effects: 72
| Unable to retrieve an article: 1

A

Studies having data extracted Studies excluded as off-topic or
= <15 practitioners
(eLre) (n=100)

Studies accepted
(n=79)

!

Studies of doctors other than
surgeons
(n=30)

Systematic review of surgeons
| 5 studies cover surgeons and other doctors
(n=54)

Figure | Flow diagram of selection of included documents.

Risk of Bias Assessment
Two review authors independently assessed the risk of bias of all included cohort studies, using the Newcastle-Ottawa
Scale (NOS).>*3?

Effect Measures

One pathway of evaluating doctors’ performance is to measure fixed effects, which are covered as a statistical technique
by Allison.*® Fixed effects allow the identification of high and low outliers and give an impression of how hetero-
geneously doctors perform in a particular area. Grading doctors also shows whether the variation in effect is consistent
with chance or bigger than that. The metric for the fixed effects in this study is the percentages of negative and positive
outliers, as defined and reported per each individual study.

The other method of assessing a doctors’ effect is by measuring random effects, also explained by Allison.*® Random
effects measure the variation in patient outcomes that is due to the doctor beyond known factors, such as their level of
experience. Likewise, these effects cannot be explained by differences in diagnostic prowess or choosing more or less
suitable interventions. Random effects allow the discernment of how much doctors may constitute an intervention in their
own right. That measurement is called the intra-class correlation coefficient (ICC). Examples are mortality in intensive
care,’” or levels of uncontrolled hypertension,*®>° or high HgAlc levels'®**4°*2 among patients of family medicine
doctors or general practitioners.

The ICC is here described as the proportion of patients’ health outcomes that resulted from the doctor’s effect, in the form
of a percentage of the total patient outcome variation. The significance of even small ICCs is covered in the Discussion.
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Synthesis Methods
The identification of doctors’ effects on patients’ health outcomes is presented in many different ways that can be
classified into two methods. Both methods either use hierarchical regression or multilevel mixed effects regression
modelling to understand both doctor and higher-level variation.*>**
Percentage of Variation in Patient’s Health Outcome
The percentage of variation in patients’ health outcome owing to the doctor is reported as the intra-class correlation
coefficient (ICC). The ICC, which can be identified through post-regression estimation, is a number ranging from 0 to 1
representing the percentage of variation in a particular outcome due to each level in the regression model. Therefore, to
enable the allocation of the percentage of variation owing to the doctor, random effects for doctors and occasionally for
hospitals or other higher-level aggregators such as county, are included in the studies.****>*’

The regression analyses included patient risk scores and other known confounders such as doctors’ demographics as fixed
effects. There was a pronounced variance in the depth and quality of the analysis between different studies, with Papachristofi

et al as a high quality example.*’ In addition, further extensive literature is available addressing the ICC.**>?

Grading Doctors from Best to Worst
Regarding this approach, doctors are ordered according to the patients’ physical health outcomes, typically with a 95%

5455 or other means such

confidence interval (CI). This CI is calculated using, for example, cluster-robust standard errors,
as simulation,'® or the delta method.*® Doctors are considered to be outliers when their 95% CI is wholly above or below
the mean rate of the patients’ outcomes. Consequently, results are reported by listing the outliers in order, or as a funnel

or caterpillar plot,”® with the latter constituting an outcome-ordered forest plot.

Reporting Bias and Certainty Assessment
Since meta-analysis was not applicable, we did not assess the reporting bias nor conducted certainty assessments.

Results
Study Selection

We retrieved 4713 records from electronic searches, reduced to 3778 after removing duplicates, and 119 after screening.
Manually searching the reference list of these studies yielded an additional 6750, reduced to 60 after screening. The resulting
179 studies were reviewed in full, yielding 79 accepted studies of which 30 applied to doctors other than surgeons. These 30
studies with 36,239 doctors met our pre-specified criteria for inclusion in the final synthesis (Figure 1).

Study Characteristics

The final 30 included studies either graded individual doctors from best to worst according to their performance (N=9),
38-42,45,46,64-67

16,18,57-63

or recorded a residual variation owing to doctors in a multivariate multi-level analysis yielding an ICC (N=11), or
both (N=7),>747%%72 or used a different way to describe their results (N=3).'77*7* Jemt et al’* used a different approach but also
listed one positive and two negative outliers.

All 30 studies were observational cohort studies that included doctors from multiple specialties, such as general
practitioners, family doctors, or primary care physicians (N=11),'83% 42:43:46:59.62.65 apecthesiologists (N=4),7-0%70-7!
cardiologists (N=4),>%6%61-67 hogpitalists or residents (N=7),!727:62:63:66.6972 and one each of dentistry,”
gynaecology,'® pathology,** paediatrics,*® radiology,”® and reproductive medicine.”’ (N=18) studies were conducted
in the USA,!837-4245.58.5961.626467-69.7273 (=7 i the UK,!®1747:60.667071 a4 one each in Canada,® Italy,’’
Netherlands,® Spain,46 and Sweden.”* The number of included doctors ranges from 21 to 4230. Table 1 summarizes

the characteristics of the included studies.

Risk of Bias Assessment
Among the 59 outcomes in the included 30 studies, (N=48) scored 9 stars, (N=10) 8 stars, and (N=1) 7 stars, with a maximum
possible score of 9 stars on the Newcastle-Ottawa Scale.’**> Those of 7 and 8 stars scored either 0 or 1 on the aspect of
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Table | Characteristics of Included Studies

Publication Practitioner Specialty Detailed Doctors | Patients/ Institutions | Outcome NOS*
Intervention Procedures
Becerra, 2017%* Pathologist Colorectal Lymph node 814 12,332 187 Suboptimal care 9
surgery/ examination after
Pathology colectomy
Beckett, 2018'7 Hospitalist Acute care Acute care 22 21,570 | Mortality
Readmission
Brown, 2016'® GP General Primary care Diabetes glucose 133 14,033 84 Avoiding uncontrolled
Practitioner control diabetes
Cirillo, 2020*” OB-GYN doctor | Obstetrics Embryo transfer 32 19,824 | Ongoing pregnancy 9
or senior
residents
Davenport, Radiologist Radiography Headache CT 55 25,596 | Mortality
20207 Readmission
Eijkenaar, 2013%° | GP General Primary care Primary care 447 26,684 COPD**-related
Practitioner admissions
537 37,832 Diabetes-related 8
admissions
Glance, 2016%® Anesthesiologist Cardiac Cardiac surgery 357 55,436 40 Major complications 9
surgery or mortality
Goodwin, 2013%° | Hospitalist Acute care Acute care 1099 129,491 268 Length of stay
1099 131,710 268 Mortality
Gossl, 2013°® Cardiologist Cardiology Percutaneous 21 7838 3 MACE Major adverse
coronary cardiac event inc.
intervention death
Mortality
Gutacker, 2018% | Hospitalist Emergency AMI Acute 1746 138,044 148 Length of stay
Care myocardial
infarction
Mortality
Readmission
Cardiac CABG* 212 24,505 30 Length of stay 9
surgery
Mortality 9
Readmission 9
Pneumonia Pneumonia 3760 405,671 152 Length of stay 9
Mortality 9
Readmission 9
Stroke Stroke 1214 144,114 144 Length of stay 9
Mortality 9
Readmission 9
Orthopedic Hip fracture 1735 156,145 148 Length of stay 9
surgery
Mortality 9
Readmission 9
Hip replacement 1325 170,678 229 Length of stay 9
Mortality 9
Readmission 9
Hannan, 2017%7 Cardiologist Cardiology Percutaneous 403 27,560 60 Incomplete 9
coronary revascularization
intervention
Harley, 2005' Gynecologist Obstetrics Gynecologists’ 143 Not stated Multiple 7-item composite 7
performance measure
Hofer, 1999* GP General Primary care Diabetes glucose 232 3642 3 Hospitalizations 9
Practitioner control
(Continued)
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Table | (Continued).

Publication Practitioner Specialty Detailed Doctors | Patients/ Institutions | Outcome NOSs*
Intervention Procedures
Holmboe, 2010°® | GP General Primary care Cholesterol control | 236 22,526 13 states Avoiding high 9
Practitioner cholesterol
Diabetes glucose 236 22,526 13 states Avoiding uncontrolled | 9
control diabetes
Hypertension 236 22,526 13 states Avoiding uncontrolled | 9
control Hypertension
Jemt, 20167 Dental Surgeon Dental Dental implants 23 8808 | Implant failure 9
Implants
Kaplan, 2009%° GP General Primary care Diabetes glucose 210 7574 10 quality measures 8
Practitioner control
Cholesterol control | 210 7574 10 quality measures 8
Krein, 2002 GP General Primary care Cholesterol control | 258 12,110 9/13 Avoiding high 8
Practitioner cholesterol
Diabetes glucose 258 12,110 12/13 Avoiding uncontrolled | 8
control diabetes
Kunadian, 2009¢° Cardiologist Cardiology Percutaneous 261 149,888 48 Mortality 9
coronary

intervention

Navar-Boggan, Cardiologist Cardiology Hypertension 47 5979 | Avoiding uncontrolled | 9
2012°' control hypertension
O’Connor, GP General Primary care Diabetes glucose 120 2589 18 Avoiding uncontrolled | 8
2008*! Practitioner control diabetes
Orueta, 2015 GP (Family Primary care | Avoidable 1193 2,207,175 130 Hospitalization rates 9
doctors) hospitalization
Pediatrician Primary care | Avoidable 286 Hospitalization rates 9

hospitalization

Papachristofi, Anesthetist Cardiac Cardiac surgery 24 18,426 | Mortality 9
20147° surgery
Papachristofi, Anesthetist Cardiac Cardiac surgery 190 110,769 10 Mortality 9
2016 surgery
Papachristofi, Anesthetist Cardiac Cardiac surgery 190 107,038 10 Length of stay 9
2017¥ surgery
Prasad-Kerlin, Hospitalist Acute care Mechanical 345 11,268 104 Mortality 9
2018% ventilation
Selby, 2010%*° GP General Primary care Cholesterol control 1005* 169,156 35 Avoiding high 9
Practitioner cholesterol
Hypertension 1049° 232,053 35 Avoiding uncontrolled | 9
control hypertension
Singh, 201572 Hospitalist Primary care Primary care 525 48,883 143 Readmission 9
Singh, 20192 GP General Primary care Primary care 4230 565,579 Hospital readmission 9
Practitioner
Tuerk, 2008*? GP General Primary care Diabetes glucose 42 1381 | Avoiding uncontrolled | 8
Practitioner control diabetes
Verma, 2020 Hospitalist Acute care Emergency 135 103,085 7 Length of stay 9
admissions,

inpatient care
Mortality 9

Readmission 9

Notes: If “Institutions” is blank, then the number is not applicable (GPs, General Practitioners, for example), or not given and most likely greater than one. *CABG is
coronary artery bypass graft. **COPD is chronic obstructive pulmonary disease. For cholesterol, diabetes, and hypertension management, outcomes were standardized to
avoiding high cholesterol/HbA|C/blood pressure. *Single year numbers. Totals for 6 years are 6,832 doctors, 1,588,407 patients. ®Single year numbers. Totals for 6 years are
6,995 doctors, 2,021,935 patients.

Abbreviation: NOS, Newcastle-Ottawa Scale for assessing risk of bias of cohort studies.
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comparability, whereas the studies with 9 stars scored 2. All included studies scored the maximum points regarding the
selection and the outcome criteria (Table 1).

Results of Individual Studies

Altogether 15 studies with 21 outcomes published caterpillar plots or plots that gave the same
information,'7:!%:37:47:57:38.61-63.65.6872 e paper showed funnel plots.®® Such plots represent and sort the doctors’
performance for a specific patient outcome, usually showing a 95% confidence interval (CI) for each doctor and whether

that CI was wholly below or above the mean performance rate. Results varied from no over- or underperformer’®’!

61,63,72
h.37’59" ,63,

up to
substantial numbers of bot

Of the 16 studies that show fixed effects, 11 reported one or more exceptional performers after accounting for all
known confounders, including doctors’ demographic variables such as their years of experience and volume of
procedures/patients, and the at times substantial hospital effects.'®!837:4758°61.63.69.74 Two hapers’? found only
negative outliers. Three papers found no positive or negative outliers.®’*"! (Table 2).

A few papers (N=18) presented a random effect, reported in many different ways, which express the intra-class
correlation coefficient (ICC), ie the variation due to the doctor as a percentage of the whole variation in patient physical
health outcomes, with that variation calculated while accounting for all available patient, doctor, or institution
variables.>” ##4547:62:6471 Reported random effects ranged from approximately zero (ICC of 0.0%) to substantial
(ICC up to 33%, median of 1.9%, mean of 3.9%, inter-quartile range 1.0-4.2%) (Figures 2 and 3, Table 2).

Only cholesterol,”®*” diabetes,** ** and hypertension®®*’

control outcomes had more than one study each for the
same medical specialty and intervention. ICCs range from 0% to 2%, except Holmboe et al*® who found much higher
ICCs of 12% and 9%. The main difference between this and the other studies is that Holmboe’s cohort consisted of

doctors who volunteered to participate (Table 2). In nine instances, the ICC was between 9% and 33%.

Reporting Bias, Syntheses, and Certainty of Evidence

Not applicable since there was no statistical synthesis of the results.

Discussion

The findings from this systematic review indicate that doctors have an effect on patients’ physical health, even after
taking into account all known variables or confounders. This effect ranges from zero to substantial with nine instances
where the doctor was associated with at least 9% of the total variation in patient health.

In terms of the effect of even small ICCs, a randomized controlled trial” that established the prophylactic value of aspirin was
halted early as it was considered to be unethical to withhold aspirin from the control group, even though aspirin only accounted
for 1% of the variability in outcomes, ie the trial was halted for a treatment with an ICC of 1%. Further, even a “small” doctors’
effect makes a substantial difference in patient health as that difference is applied billions of times each year in each doctor-
patient interaction. The value and importance of even small ICCs is further outlined in these three publications.”’*"’

At times doctors can be identified whose performance is substantially above or below the average performer.
Therefore, a possible answer to the question, “What’s a good doctor and how do you make one?”’® is, “A good doctor
is a doctor with significantly better patient physical health outcomes than the average doctor.” In addition, a possible

answer to, “and how do you make one?” could be,

Good doctors already exist and can be identified. Unless good doctors’ abilities are wholly innate, more good doctors can be
made by learning from those who already are good doctors, and exceptionally good doctors also exist.

The key here is that an effect with an unknown cause has been identified. The cause could be anything unmeasured in the
included cohort studies, such as doctors’ communication skills, their level of care for patients, their physical or mental health,
the time they give to a patient, their ability to listen to a patient, their diagnostic ability (as a more suitable intervention is more
likely to yield better outcomes), their ability to perform under stress etc. This is an avenue for further research.””*’

It is noteworthy that no included study identifying exceptionally good doctors made recommendations on how to use
this resource. The substantial number of positive outliers are at times not mentioned in the text, only shown in the graph.
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Table 2 Publications by Outcome and Numerical Results

Outcome Practitioner Specialty Publication icc’ Outliers %
Negative Positive
Avoiding high cholesterol GP General Practitioner | Primary care Holmboe, 2010% 12.0%
Kaplan, 2009°° 9.0%
Krein, 2002*° 1.0%
Selby, 2010°° 1.9%
Avoiding uncontrolled diabetes GP General Practitioner | Primary care Brown, 2016'8 6.0% 6.8%
Holmboe, 2010 9.0%
Kaplan, 2009°° 33.0%
Krein, 2002* 0.0%
O’Connor, 2008*' 0.8%
Tuerk, 2008* 2.0%
Avoiding uncontrolled hypertension Cardiologist Cardiology Navar-Boggan, 2012°' 6.4% 12.8%
GP General Practitioner | Primary care Holmboe, 2010% 9.0%
Selby, 2010°° 1.9%
Complications
MACE Major adverse cardiac event inc. death | Cardiologist Cardiac surgery Gossl, 2013°® 0.0% 4.8%
Major complications or mortality Anesthesiologist Cardiac surgery Glance, 2016°® 0.5% 0.0% 0.0%
Hospitalizations
COPD**-related admissions GP General Practitioner | Primary care Eijkenaar, 2013 2.5%
Diabetes-related admissions GP General Practitioner | Primary care Eijkenaar, 2013%° 0.6%
Hospitalizations GP General Practitioner | Primary care Hofer, 1999* 1.0%
Orueta, 2015% 6.1%
Pediatrician Primary care Orueta, 20154 10.3%
Length of stay Anesthetist Cardiac surgery Papachristofi, 2017% 0.2% 2.1% 0.5%
Hospitalist Acute care Goodwin, 2013%° 2.6% 19.5% 18.0%
Verma, 2020 18.5% 14.8%
Cardiac surgery Gutacker, 2018% (Heart attack) 6.5%
Gutacker, 2018% (CABG¥) 5.2%
Pneumonia Gutacker, 2018°% 2.1%
Stroke Gutacker, 2018 1.5%
Orthopedic surgery | Gutacker, 2018% (Hip fracture) 3.2%
Gutacker, 2018° (Hip replacement) 12.7%
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Mortality Anesthetist Cardiac surgery Papachristofi, 20147° 0.1% 0.0% 0.0%
Papachristofi, 20167 0.3% 0.0% 0.0%
Cardiologist Cardiology Gossl, 2013°® 0.0% 48%
Kunadian, 200960 0.2% 0.0% 0.4%
Hospitalist Acute care Beckett, 2018'7* (different presentation)
Goodwin, 2013%° 0.8% 1.5% 0.6%
Prasad-Kerlin, 2018% 1.8% 22.6% 25.5%
Verma, 2020% 1.5% 5.2%
Cardiac surgery Gutacker, 2018 (Heart attack) 1.4%
Gutacker, 2018° (CABG*) 0.9%
Pneumonia Gutacker, 2018°% 1.2%
Stroke Gutacker, 2018 1.1%
Orthopedic surgery | Gutacker, 2018% (Hip fracture) 1.2%
Gutacker, 2018% (Hip replacement) 0.3%
Radiologist Radiography Davenport, 20207
Pregnancy Reproductive doctor Obstetrics Cirillo, 2020°7 3.1% 0.0%
Readmission Hospitalist Acute care Beckett, 2018'7 (different presentation)
Verma, 2020 0.7% 3.0%
Cardiac surgery Gutacker, 2018% (Heart attack) 0.4%
Gutacker, 2018 (CABG*) 0.8%
Pneumonia Gutacker, 2018 0.4%
Primary care Singh, 201572 15.0% 12.8% 12.5%
Singh, 2019%? 0.02% 0.00%
Stroke Gutacker, 2018 0.8%
Orthopedic surgery | Gutacker, 2018% (Hip fracture) 0.7%
Gutacker, 2018% (Hip replacement) 2.5%
Radiologist Radiography Davenport, 2020%* (different presentation)
Suboptimal care Pathologist Colorectal surgery | Becerra, 2017% 22.5%
Success or failure
Implant failure Dental Surgeon Dental Implants Jemt, 20167* 8.7%
Incomplete revascularization Cardiologist Cardiac surgery Hannan, 2017% 12.0%
Multiple measures
10 measures GP General Practitioner | Primary care Kaplan, 2009°° 27.8% 43.8%
7-item composite measure Gynecologist Obstetrics Harley, 2005'¢ 6.3% 2.1%

Notes: The leftmost column is by patients’ physical outcome with summarized outcome bold. GP is General Practitioner or Primary Care Physician. "ICC is Intra-class correlation coefficient that shows percentage of variance owing to the practitioner in
the form of percentage of total variance after taking into account all known confounders. *CABG is coronary artery bypass graft. **COPD is chronic obstructive pulmonary disease. Outliers are listed for studies which ordered the doctors according to
their effect on patient’s physical health outcomes from worst to best or vice versa. The percentages listed represent those practitioners whose 95% Cl is wholly below or above the mean. Beckett etal,'” Davenport et al,”and Jemtet al™ presented their
data in a way that only fits partially or not at all in the table. Blank entries under ICC or Outliers mean that the Publication did not report those measures. All studies that reported Outliers except Verma et al® adjusted their results for other factors like
patient risk. *Beckett et al' reported fixed effects before and after case-mix but no 95% confidence intervals. **Davenport et al” reported fixed effects with no effect on mortality but other, more indirect measures. **Kunadian et al®® did not publish the
number of cardiologists or outliers directly, though Figure 2 in the paper is a funnel plot. The paper’s reference 7 provides the original data https://www.health.ny.gov/statistics/diseases/cardiovascular/docs/pci_2002-2004.pdf which shows 146,775 cases
with 261 cardiologists of whom 7 were underperformers and 5 outperformers. With one exception, all cardiologists with fewer than 31 cases were grouped as “all others”. Cardiologists had one entry in the table for each hospital they worked in. The
authors of this systematic review calculated the ICC for this dataset to be 0.17%, 95% CI 0.11%, 0.26%. Mortality is 945/146,775 or 0.64%.
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ICC intra-class correlation coefficient

Becerra, 20175 Lymph node examination in colectomy Suboptimal care ==

22.5%
Eijkenaar, 20135 Primary care COPD*-related admissions mmmmm 2.5%

Diabetes-related admissions m 0.6%

Glance, 20165 Cardiac surgery Major complications or mortality
Goodwin, 2013%° Acute care Length of stay

" "

Mortality
Gutacker, 20185 AMI Acute myocardial infarction Length of stay

| 0.5%

. 2.6%

- 0.8%
IR 6.8%

Mortality = 2.0%

Readmission m 0.5%
CABG coronary artery bypass graft Length of stay

" Mortality

ENEREREE 5.2%
- 1.5%

"
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Hip fracture Length of stay
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I 3.0%
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"
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Pneumonia Length of stay —mmmmm 2.2%
" Mortality

Readmission

- 1.8%
" W 05%
Stroke Length of stay mmmm 1.8%
! Mortality
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Hannan, 201757 PCI** Incomplete revascularization
Hofer, 19994 Diabetes glucose control Hospitalisations

Holmboe, 20103 Cholesterol control

"

 15%
" N 1.1%
I 12.0%
. 1.0%
I 12.0%

Diabetes glucose control EEEEEEEEEEE———— 9.0%

Hypertension control
Kaplan, 2009%° Cholesterol control 10 quality measures

I 9.0%

I 0.0%

" Diabetes glucose control 10 quality measures
Prasad-Kerlin, 201837 Mechanical ventilation Mortality
Krein, 200240 Cholesterol control

33.0%
E 1.8%
. 1.0%
0.0%
. 0.8%

Diabetes glucose control
O'Connor, 20081 Diabetes glucose control
Orueta, 2015% Hospitalisations (GPs)

——— 4.2%

(Pediatricians) —m— 3.0%
Papachristofi, 20147 Cardiac surgery Mortality
Papachristofi, 20167t Cardiac surgery Mortality

Papachristofi, 201747 Cardiac surgery Length of stay

Selby, 20102 Cholesterol control

1 0.1%
1 0.3%
1 0.2%
- 1.9%
Hypertension control mmmm 1.9%

Singh, 201572 Primary care Readmission

15.0%

Tuerk, 2008 Diabetes glucose control mmmm 2.0%

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0%

Figure 2 Intra-class correlation coefficients (ICCs) by paper, intervention, and patient outcome. *COPD is chronic obstructive pulmonary disease. **PCl is percutaneous
coronary intervention.

The closest to an investigation of high performers was presented by Brown et al'® who found that in diabetes control,
high performing doctors were more likely to be female and underperforming doctors’ patients were more likely to be
male. Goodwin et al® found that hospitalists’ patients’ length of stay did not affect other patient outcomes. In other
words, hospitalists whose patients had shorter lengths of stay in hospital had the same outcome as patients of hospitalists
who were underperformers, but no further investigation was undertaken. As one contributory factor to doctors’
performance, recent research has proposed that even health care provider expectations can have a substantial placebo
effect on patient outcomes, ie patient outcomes can be affected through “social transmission”."?

Many of the publications excluded for this systematic review among the approximately 10,000 studies were large-
scale cohort studies where doctors’ effects were attributed to one or more characteristics. However, this attribution was

done without reporting the variation in patients’ physical health outcomes that was due to the doctor after accounting for
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Figure 3 Boxplot of ICC (intra-class correlation coefficient).

all known risk factors. It would be relatively simple to re-analyze these and other already cleaned up and prepared
datasets for such a residual effect. Publishing ICCs, ie the amount of variation due to doctors in a consistent way, will
make future meta analyses possible. The authors have prepared a methodological review for this purpose.®!

To the authors’ surprise, re-analyzing existing data is not useful for many randomized controlled trials as no data
register the authors contacted had any way to identify trials that showed a doctors’ effect. Further, a clinical trial
specialist privately told the authors that in large randomized trials, with many treatment centers, only the center identifier
and not the individual doctor identifier is recorded, making it difficult or impossible to extract a doctors’ effect from the
data even though it would substantially affect the sample size needed for clinical trials when there are differences among
medical doctors, as this would subsequently affect the RCTs statistical power.®?

Research that addresses the doctors’ effect on patients’ health outcomes seems to be a form of investigation that is in
its infancy. There are no established standards on how to report a doctors’ effect, and results are heterogeneous indeed.

The authors found very little systematic research on the probability that doctors, in their own right, may be an
intervention whose effect on patients’ outcomes can be measured and be more or less effective. This is surprising since
there is a well-known clustering effect with patients who have the same doctor tending to have more similar outcomes
than patients of a different doctor.*'® Likewise, it is well established in psychotherapy that psychotherapists, in their

own right, can constitute an intervention, which is independent of the actual intervention used.”**

Summary

Given the increasing difficulty with identifying effective new interventions® *’

and the increasing cost of research, it may be
worth looking beyond the intervention to the other two components of a medical treatment, viz. the doctor and the patient. If
there are substantial differences between doctors in patients’ physical health outcomes, then identifying those doctors who
perform well below or well above average could be a relatively simple way to increase the standards of healthcare. This could
be done by bringing low performers closer to average and by learning from high performers, which could provide improved
healthcare at a relatively low cost. It would certainly be another option for policy makers: to improve the performance in their
healthcare system beyond evaluating existing and potential new interventions for suitability.

Once outstanding performers have been identified,'®'%37-38-3%61.72 it may be possible to have them as role models,
mentors, or teachers of other practitioners. Current literature considers standards to still be elusive®® and identifies
outstanding teachers of medicine by acclaim rather than any objective standards.®” Once identified, excellent role models
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have been associated by Wright et al®® as “stressing the importance of the doctor-patient relationship in one’s teaching
and teaching the psychosocial aspects of medicine” — ie they stress the doctor-patient relationship aspects that go beyond
identifying and applying the intervention. Other characteristics may have contributed to exceptional performances, such
as their ability to employ easy-to-emulate techniques like putting the patient at ease, willingly listen to the patient to the
end, a harmonious lifestyle, a strong sense of purpose, or that they are very rarely exhausted, or have higher expectations
of the effectiveness of their intervention,'> or any of a myriad of other possibilities.

The benefit of research investigating outstanding performers could be large as the differences between exceptional
and average performers may be substantial, when simple choices made, or techniques used at work or out of work, that
contributed to the outstanding performance then become available to other practitioners. As an exceptional performer is
often no more expensive to employ than an average or below average performer, there could be very substantial
beneficial effects on public health if many other doctors are given the possibility to improve.

Previous attempts at improving standards of care through profiling have run into difficulties. Krein et al* in 2002
argued that despite large profiling campaigns of individual healthcare providers in order to contain costs and improve
quality of care, the evidence of effecting change that way has been mixed, expensive, adversely affected careers, tended
to ignore the systems the healthcare providers worked in, and, when done badly, profiling can be meaningless, providing
incentives that worsen the quality of care.

A word of caution is that in a number of studies the raw patient physical health outcome numbers showed very large
differences between doctors but this difference was strongly reduced or even eliminated after taking into account other
factors such as patient risk or patients’ demographics.’”°*®* Even after a risk assessment it may be clear that many
members of the worst performing group of doctors produce substandard work but the data available lacks statistical
power and precludes identifying individuals with certainty. In such a case, disciplining or evicting individual practitioners
may not be justifiable without further investigation. However, the more available data there is for each practitioner, the
higher the possibility to misuse such data or to disempower practitioners by limiting the opportunity to use their ability
and experience or by adding more and more rules and regulations.

Conclusions and Implications

Doctors have an effect on patients’ physical health for many interventions and outcomes and after accounting for all
known data such as doctor demographics and patient risk. This effect ranges from negligible to substantial and therefore,
it is worth investigating further whether these effects and their scale persist for other medical specialties and interven-
tions, which at present is not clear due to the small number of studies found and the lack of consistency in their
measurements. Many available RCTs and cohort studies could be reanalyzed to address and estimate the doctors’
effects.®! When grading doctors by patients’ physical health outcomes, it is at times possible to identify positive and
negative outliers whose confidence interval ranges wholly above or below the average performance. Therefore, it can
matter greatly which doctor is chosen.
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3.1 SUMMARY

The lack of standard methods for reporting a doctors’ effect on patients’ physical health
warranted a methodological review. The review showed that data drawn from existing
cohort study datasets could be re-analysed with the intention to uncover evidence of
a doctors’ effect on patients’ physical health after accounting for all known factors.
These datasets came from cohort studies on health care records where an aspect of
doctor performance, such as experience or board certification (in the United States)
was measured, or interventions were compared, or any other aspect of medical care
was reviewed. Adopting this research method made it possible to discover indicators
of how much doctors’ performances vary for different interventions and outcomes.
Further, it would provide a sufficient number of studies in an adequately standardised

format to allow for meta-analysis by intervention or outcome.

This approach will also be more efficient as many datasets from cohort studies had
already been cleaned up. It would be relatively simple to reanalyse these datasets
for doctors’ performances regarding patients’ physical health, leading to a deeper
understanding when, where, and how individual doctors’ performances have an
influence on patients physical health.
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Background: Previous research suggests that when a treatment is delivered, patients’ outcomes may vary systematically by medical
practitioner.

Objective: To conduct a methodological review of studies reporting on the effect of doctors on patients’ physical health outcomes and
to provide recommendations on how this effect could be measured and reported in a consistent and appropriate way.

Methods: The data source was 79 included studies and randomized controlled trials from a systematic review of doctors’ effects on
patients’ physical health. We qualitatively assessed the studies and summarized how the doctors’ effect was measured and reported.
Results: The doctors’ effects on patients’ physical health outcomes were reported as fixed effects, identifying high and low outliers, or
random effects, which estimate the variation in patient health outcomes due to the doctor after accounting for all available variables via the
intra-class correlation coefficient. Multivariable multilevel regression is commonly used to adjust for patient risk, doctor experience and
other demographics, and also to account for the clustering effect of hospitals in estimating both fixed and random effects.
Conclusion: This methodological review identified inconsistencies in how the doctor’s effect on patients’ physical health outcomes is
measured and reported. For grading doctors from worst to best performances and estimating random effects, specific recommendations
are given along with the specific data points to report.

Keywords: methodological study, meta-epidemiology, meta-epidemiological review, research methods, doctors’ effect

Introduction
A fundamental question in medical research is whether medical practitioners have an effect on patients’ health beyond
the intervention, patient risk, and hospital variables. Previous research has revealed that when a treatment is delivered by
a doctor (ie surgeon or medical physician), patient outcomes may vary systematically by medical practitioner.>? It is well
known that hospitals can have an influence on patients’ health outcomes, with wide variation between hospitals.>’ Such
outcomes include adverse events,* prescribing errors,* hospital readmission,>® and mortality.”® Comparing hospitals
requires a sound methodology and reliable estimates that take into account the multiple variables involved.8° In contrast
to the substantial research on hospital effects, there is minimal research on the effect of doctors.

The influence of doctor-patient communication has been investigated as a “doctor effect” on patients’ health
outcomes, 12 including symptoms,'3'4 readmission rates in the emergency department,'®> health-related quality of
life,*6 and improved diabetes control.'
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Research on the therapist effect in psychotherapy has shown significant effects of therapists on patient outcomes
beyond the therapy technique or modality applied.*®° This wide variation among practitioners has been acknowledged
and incorporated into the training material for psychotherapists.?%2! In surgery, outcomes associated with procedure
volume, seniority, level of experience, or doctor specialty, include mortality rate,?? length of hospital stay,?>2* post-
operative complications,?® and readmission.?%2” While research on the doctors’ effect in non-surgical specialties is
limited, there is evidence from studies in primary care,>? intensive care,? acute care,* and obstetrics,3! where medical
practitioners had an effect on patients’ health outcomes.

Given the significant therapist effect in psychotherapy, and the known wide variation in patient outcomes across
hospitals, but unclear effect of individual doctors on patient outcomes, we conducted a systematic review of the effect of
doctors on patients’ physical outcomes. We aimed to assess whether doctor effects vary with specificity, outcome and
intervention. However, in conducting the review, we found substantial variation in the way a doctor effect is measured
and reported, therefore making data synthesis challenging and meta-analysis impossible. This has led to the present study
where we have conducted a methodological review of studies that measure and report on doctors’ effect on physical
patient outcomes. The focus of the methodological review is on the method of measurement of the doctors’ effect as well
as how it is reported. The data source for the review is the included studies from our systematic review.??

Objective
To conduct a methodological review of studies reporting on the effect of doctors on patients’ physical health outcomes
and to provide recommendations on how this effect could be measured and reported in a consistent and appropriate way.

Materials and Methods

Design

The present study is a methodological review where the focus is on statistical analysis and reporting.® The search
strategy, data collection, and extraction are explained in detail in a previous report of a systematic review of the surgeons’
effect on patients’ physical health outcomes.*?

Search Strategy

Three databases were searched initially: PubMed, Embase, and PsycINFO; and over 10,000 publications were screened.
For each of the studies identified that met the inclusion criteria, a citation analysis on Scopus was conducted to identify
further eligible studies. The full search strategy and keywords can be found in the Supplementary Material.

Study Selection and Eligibility Criteria

The studies selected in the initial electronic search and the studies added through the citation analysis were independently
reviewed by two researchers with a third reviewer acting as an arbitrator if required. This process resulted in 79 included
studies, all of which are included in the present study. Any physical patient health-related outcome was eligible for inclusion.
Studies that fulfilled any of the following criteria were excluded: (1) studies that only described a doctors’ effect on particular
doctor-related variables (such as specialty of doctor), (2) studies with fewer than 15 doctors, (3) cross-sectional studies, and (4)
studies that mention fixed or random effects but did not list them either graphically or in numerical form.

Data Extraction and Quality Assessment

CS extracted the relevant information for assessing doctor effects from each included study, and the extracted data was then
reviewed by a second researcher. The data items extracted can be found in Table 1. For quality assessment, the Newcastle-
Ottawa Scale (NOS) was used, with the majority of studies scoring between 8 and 9 (9 being the maximum total).34-36
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Table 1 Data ltems Extracted

Data Item Comment

Publication First author, year

Surgeon or Other Medical Surgeon, Other

Specialty

Practitioner Type Surgeon, GP, Cardiologist, etc.

Medical Specialty of Doctor

Detailed Intervention

General Outcome

Specific Outcome Often same as General Outcome

Type of Study Cohort or Randomized Controlled Trial

Newcastle Ottawa Scale Score | 0-9

Count of Doctors in Study

Count of Patients

Count of Institutions

Doctor ICC Intra-class correlation coefficient, here a measure of the strength of the effect on
patients’ physical health

Multivariate Data Analysis YN

used

Percentage of Doctors that Positive and Negative Outliers
are Outliers

Country of dataset analyzed

Methodological Review

We planned to describe the methods used to estimate and report the doctors’ effect on patients’ physical outcomes
including the statistical model used, types of confounding variables adjusted for (patient variables, hospital/institution
variables, doctor variables), and the method of reporting the doctor effect.

Results

Of the 79 included studies, 62 used a multivariable multilevel regression model to estimate the doctors’ effect, 72 studies

included patient variables in their model, 41 studies included hospital or institution variables in the model, 60 studies included

doctors’ volume, and 24 studies included other doctor variables. There were two different ways that the doctors’ effect was

reported: fixed effects and random effects,®”3 with 54 studies reporting fixed effects and 34 studies reporting random effects.
Table 2 provides details for each included study, presenting in part the wide variety of statistical methods used.

Fixed Effects — Grading Doctors by Their Effect

Fixed effects are represented by the range of patient outcomes that doctors are responsible for after all available confounding
variables have been accounted for. They are shown visually using a caterpillar plot, which ranks doctors by outcomes from
lowest to highest, or a funnel plot, which shows each doctor as a dot and indicates whether doctors are outside a 95% or 99%
confidence interval. For example, Papachristofi et al*® showed caterpillar graphs with an ICC of 4.0% (surgeons) and an ICC
of 0.25% (anesthetists) (Figure 1), while Kunadian et al*® showed a funnel plot with an ICC of 6.5% (Figure 2), redone at
a higher resolution by the authors (Figure 3) and the same data as a caterpillar plot (Figure 4). Measuring fixed effects allows
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Table 2 Detailed Results for Each Study

random-effects regression
survival-time model, using
a log-logistic survival
distribution to model
hazard over time” Stata 9.2

Publication Doctors Patients/ Institutions | ICC Neg Pos Country MLR* MV** Statistical Analysis PVA HV™ DVo* | ODV#* Confidence Interval
Procedures % Outlier Outlier Calculation
% %
Anderson, 2016% NS 2880 35 Other Other us Y “Gaussian Kernel Densities Y Y Y N None
were constructed to show
the relative distributions of
the effects of individual
institutions and surgeons”
Aquina, 2015*" pg €163 NS 158,596 NS Other Other us Y “Mixed Effects Multivariable Y Y Y N 95% Cl given, but not
Logistic Regression”, method
conference abstract
Aquina, 2015% 223 14,875 99 13.0 28.0 us Y “Bivariate and hierarchical Y Y Y N 95% Cl given, but not
logistic regression with method
further multivariable
analysis” R 3.1 SAS 9.3
Aquina, 2016°° 3481 125,160 210 243 | Other Other us Y “Three-level mixed-effects Y Y Y Y None
logistic regression analyses
were performed” R 3.2.0
SAS 9.4
Aquina, 2017%* 1572/ 124,416/ 260/256 40.5/ us Y “Mixed-effects Cox Y Y Y Y 95% Cl given, but not
2012 78,267 14 proportional hazards method
analyses” R 3.2.1 SAS 9.4
Arvidsson, 2005 25 1068 7 Other Other Sweden N Y SAS 8.2 NL Mixed model Y Y N N None
Becerra, 2017 1503/ 12,332 187 79 us Y “Multilevel logistic Y Y Y Y 95% Cl given, but not
814 regression”, “multilevel method
competing-risks Cox
models” SAS 9.3 R
Beckett, 2018%° 22 21,570 1 UK N N Analysis based on r-square N N Y N None
Begg, 2002%" 159 10,737 72 8/13/9 3/14/3 us Y Correlation-adjusted and Y Y Y N None
GEE logistic regression
Bianco, 2005%® 159 5238 NS 75 25 us Y Logistic regression, Y Y Y N None
binomial distribution,
histograms, extra-binomial
variation
Bianco, 2010%° 54 7725 4 93 13.0 us Y “[Multivariable, parametric Y N Y N 95% Cl given, but not

method
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Bolling, 2010%° 1088 28,507 639 6.6 74 us GEE logistic regression SAS N Funnel plot with 95% CI
9.2 GENMOD
Bridgewater, 2003 23 8572 4 0.0 0.0 UK Unspecified, using SAS N 95% Cl given, but not
method
Bridgewater, 200552 25 1097/9066 4 0.0 00 UK Unspecified, using SAS N Clopper-Pearson 95% Cl
Brown, 2016% 133 14,033 84 6.0 6.8 us Bayesian hierarchical N 95% Cl given, but not
logistic regression method, f did better
Burns, 2011% 1557 246,469 156 0.7 45 UK Y Logistic regression Y “We constructed funnel
plots using exact Poisson
control limits by means
of the web tool available
at www.erpho.org.uk/
topics/tools/funnel.aspx.”
Cirillo, 2020%® 32 19,824 1 31 0.0 Italy Logistic regression, random N 95% CI given, but not
effects meta-analysis method
Cromwell, 2013% 490 1194 126/129 0.0 00 UK Y Stata Funnel plot, Wilcoxon Y Binomial distribution 95%
extended by Cuzick Cl
Dagenais, 201957 19 1461 1 144 | 105 105 us Hierarchical logistic N 95% CI given, but not
regression method
Davenport, 2020%® 55 25,596 1 us SAS 9.4 inference testing N 95% Cl given, but not
method, though not
relevant for mortality
Duclos, 2012% 28 2357/2904 5 10/ France Mixed effects logistic Y Binomial distribution 95%
32 regression Cl
Eastham, 20037 44 4629 2 Other Other us Logistic mixed model Y None
Eijkenaar, 2013 447/537 | 26,684/ N/A 2.5/ Netherlands Generalized Linear N/A 95% Cl given, but not
37,832 06 Multilevel Models using SAS method
9.2 GLIMMIX
Eklund, 200972 48 1275 >1 21 Sweden Y RCT Pearson Chi2, Fisher's N None
exact, Cox regression,
“Z-test for heterogeneity”
Faschinger, 20117 17 36,329 1 Other Other Austria Not Correlations calculated N/A None
specified
Fountain, 20047* 43 876/504 28 74 UK SAS NLMIXED, dealing with N Standard error calculated

convergence issues

(Continued)
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Table 2 (Continued).

Publication Doctors Patients/ Institutions | ICC Neg Pos Country MLR* MV** Statistical Analysis PVA HV*" DVo* | ODV# Confidence Interval
Procedures % Outlier Outlier Calculation
% %
Gani, 2015% 56 22,559 1 28 us Y “[M]ultilevel multivariable Y N/A Y Y 95% Cl given, but not
logistic regression” Stata method
12.1 GLLAM
Glance, 2006 138 51,750 33 59 5.1 8.7 us Y Stata 8.2 SAS GLIMMIX Y Y Y Y “Quality outliers were
identified using 1) the
ratio of observed-to-
expected mortality rates
(OIE ratio) and
confidence intervals (Cls)
calculated using both
parametric (Poisson
distribution) and
nonparametric
(bootstrapping)
techniques; and 2)
shrinkage estimators.”
Glance, 2016 420/241 55,436 40 0.5/ 0.0/3.3 0.01.7 us Y Hierarchical logistic Y Y N N 95% Cl given, but not
18 regression method
Goodwin, 20134 1099 131,710 268 075 | 06 15 us Y “[Hlierarchical general Y Y N N 95% Cl given, but not
linear model” method
Gossl, 20137 21 8187 3 00 48 us N Logistic regression Y N/A N N Deviation from normal
distribution
Grant, 2008"" 31 14,637 4 00 00 UK N SAS 8.2 Logistic regression Y N Y N 95% Cl given, but not
method
Gutacker, 2018% 212— 24,505~ 30-152 0.4~ UK Y “Three-level hierarchical Y Y Y N None
3760 405,671 127 generalised linear mixed
models”
Hannan, 20177® 403 27,560 60 12.0 18.6 127 us Y Hierarchical logistic Y N Y Y 95% Cl given, but not
regression method
Harley, 2005°" 143 NS Multiple 6.3 21 UK N Multivariate Analysis N N N N 95% Cl given, but not
method
Healy, 2017% 97 3118/2078 46 10.3/9.3 | 7.2/41 us Y “Multi-level mixed-effects Y N Y N 95% Cl given, but not
logistic regression” Stata 13 method
Hermanek, 19997 43 1121 7 93 16.3 Germany N Y “Multiple logistic regression | N N N N 95% ClI given, but not

analyses”

method
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Hermann, 20028° 20 16,443 1 Other Other Austria Chi-square, Brandt and N N None
Snedecor contingency
tables for binomial
distributions
Hofer, 1999% 232 3642 3 10 us “hierarchical regression for N N/A None
general linear models”
Hoffman, 2017%2 1128 183,283 601 6.2 us “Generalized linear mixed Y Y Conference abstract ICC
effects models” Cl not specified how
Holmboe, 2010 236 22,526 13 states 12.0 us SAS 9.1.3 NLMIXED N Y Delta method for 95% ClI
Huesch, 2009% 398 221,327 75 12 Other us Using SEMA by SEMATECH Y N Binomial distribution 95%
Cl
Hyder, 2013% 575 1488 298 03 us Multilevel Models SAS 9.3 Y Y 95% Cl given, but not
method
Jemt, 2016%° 23 8808 1 87 Other Sweden Chi-square N/A N None
Johnston, 20108 404 55,515 12 Other Other UK Funnel plots N Y None
Justiniano, 2019% 345 1251 118 Other Other us Bayesian hierarchical Y Y 95% Cl given, but not
regression method
Kaczmarski, 2019%° 5337 291,065 NS 175 37 us Hierarchical logistic N Y 95% Cl given, but not
regression SAS 7.1 method
Kaplan, 2009%° 210 7574 33.0/ | 276 438 us Binary mixed models SAS N N Standard error calculated
306 NLMIXED
Kerlin, 2018°1 345 11,268 104 18 229 252 us Bayesian hierarchical Y Y Bayesian 95% credible
regression Stata 14.2 intervals of odds ratios
Kissenberth, 2018 57 1703 NS 440 us Linear regression N N Conference abstract, no
Cl
Krein, 2002% 258 12,110 9 10 us Multilevel analysis MLwWIiN Y N None
2000
Kunadian, 2009 261 149,888 48 16 11 us Multivariate Logistic Y Y Binomial distribution 95%
Regression Cl
Landercasper, 2019% 71 3954 NS 57 43 us Mixed effects multivariate N Y 95% ClI given, but not
model SAS 9.4 method
LaPar, 2014% 93 4194 17 Other Other us [M]ultivariable, mortality Y Y None

risk-adjusted models with
restricted cubic splines

(Continued)
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Table 2 (Continued).

Publication Doctors Patients/ Institutions IcCC Neg Pos Country MLR* MV** Statistical Analysis PVA HV*™" DVo* | ODV# Confidence Interval
Procedures % Outlier Outlier Calculation
% %
Likosky, 2012% 32 11,838 8 Other Other us N Multivariate Logistic Y N N N None
Regression
Luan, 2019% 38 1277 21 26 15.8 us Y Multivariate Mixed Effects Y Y Y N Bonferroni corrected
Logistic regression Stata 15 95% Cl, no further details
Martin, 2013% 298 6091 43 25 Graph Graph us Y Logistic regression Y Y Y N Bayesian 95% coverage
too too intervals, surgeon
small small performance assumed
normally distributed
McCahill, 2012%° 54 2206 4 111 315 us Y Logistic regression Y Y Y N 95% Cl given, but not
method
Navar-Boggan, 2012 47 5979 1 64 12.8 us Y “Multilevel multivariable Y N/A Y Y 95% CI given, but not
random-effects logistic method
regression” Stata 9
O'Connor, 2008 120 2589 18 038 us Y “Multivariate hierarchical Y Y Y Y None
models” MLwiN
Orueta, 2015'%2 1479 2,207,175 130 42 Spain Y “Four-level mixed effect Y Y Y Y 95% Cl given, but not
models” inc district SAS 9.2 method
GLIMMIX
Papachristofi, 2014'% 24/18 18,426 1 0.1/ 0.0/16.7 | 0.0/0.0 UK Y “Logistic random effects Y N/A Y N 95% Cl given, but not
28 regression” with random method
effects
Papachristofi, 2016% 190/127 110,769 10 0.25/ | 0.0/15.0 | 0.0/6.3 UK Y “[L]ogistic random-effects Y Y Y N 95% CI given, but not
40 regression analysis” using method for practitioners,
R 3.01 comment why no 95% CI
for ICC
Papachristofi, 20172 190/127 107,038 10 0.19/ | 2.1/11.8 | 0.5114.2 | UK Y “Logistic mixed effects Y Y Y N 95% Cl given, but not
28 models” using R 3.2.2 method
Quinn, 2018'%* 2724 123,141 51 22 02 02 us Y “3-level crossed random Y Y Y N “Ninety-five percent Cls
effects logistic regression were calculated
models” Stata MP 14.2, SAS according to Agency for
9.4 Healthcare Research and
Quality methods for risk-
adjusted rates.”
Rudmik, 2017'% 43 2168 Multiple 16.3 47 Canada Y Logistic regression Y N Y N Binomial distribution 95%

Cl
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regressions” Stata MP 14

Selby, 2010'%¢ 1005/ 169,156/ 35 1.9/ us “Multilevel linear and Standard error calculated
1,049 232,053 19 logistic regression”
Shih, 20157 345 5033 24 14.0 us “Hierarchical logistic None
regression”, Stata 12.0
Singh, 2015 525 48,883 143 150 | 128 125 us “[M]ultilevel, multi-variable 95% Cl given, but not
models” method
Singh, 2018% 3987 39,884 NS 10.0/0.1 | 7.2/0.0 us Mixed models, SAS GLMM 95% Cl given, but not
method
Singh, 2019% 4230 565,579 00 0.1 us “Multilevel logistic Formula for 95% Cl given
regression” SAS 9.4 and bootstrapping
GENMOD, GLIMMIX, Stata
15.1 margins
Thigpen, 2018%" 34 995 1 59 88 us “Linear regression model” Efron’s bootstrap for 95%
Cl
Tuerk, 2008'%® 42 1381 1 20 us “Hierarchical linear ICC as per Bryk
models” HLM6 Raudenbusch, 95% CI not
calculated
Udyavar, 2018'%° 2149 569,767 224 23 us “Multilevel random effects 95% Cl given, but not
modelling” Stata 14 method
MELOGIT
Udyavar, 20181 175 65,706 31 87 us “IM]ultilevel random effects ICC 95% CI not
models” Stata 14 calculated
Udyavar, 2019'"! 5816 215,745 198 273 us “[M]ultilevel mixed effects Odds ratio 95% ClI given,
modeling” but not method
Verma, 2020""2 135 103,085 7 18.5 14.8 Canada Six different multivariable 95% CI given, but not
regression analyses R 3.5 method
Xu, 2016 276 2525 44 33 0.0 us “Logistic regression and None
post-estimation”
Xu, 2019 14,598 1,884,842 Other Other us “Multivariable logistic 95% CI given, but not

method

Abbreviations: *MLR, Multi-level regression; **MV, If no MLR, was multivariate regression used? "PV, Patient variables; “"HV, Hospital variables; *DVo, Doctors’ volume of procedures used; #ODV, Other doctor variables than volume

used.

anog

SOUO[ puB 8||8uyds



Schnelle and Jones Dove

0.05 0.06

0.04

0.03

Probability in—hospital death
0.02
1
==

0.01
==

0.00

147 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101 107 113 119 125
Surgeon identifier

0.05 0.06

0.03 0.04

Probability in-hospital death
0.02
1

0.01

0.00

16 12 19 26 33 40 47 54 61 68 75 82 89 96 104 112 120 128 136 144 152 160 168 176 184

Anaesthetist identifier
Figure 1 Estimated probability of in-hospital death within three months of surgery for a patient with average Euro-SCORE risk: (a) surgeons adjusted for centre and anaesthetist; (c)
anaesthetists adjusted for centre and surgeon. The horizontal line is average probability (1.8%) for the study cohort. Error bars = 95% CI.
Notes: Reproduced from: Papachristofi O, Sharples LD, Mackay JH, Nashef SAM, Fletcher SN, Klein AA. The contribution of the anaesthetist to risk-adjusted mortality after
cardiac surgery. Anaesthesia. 2016;71(2):138-146. doi:10.1111/anae.13291.% © 2015 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association
of Anaesthetists of Great Britain and Ireland. Creative Commons CC BY (https://creativecommons.org/about/cclicenses/).
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Figure 2 A funnel plot with each cardiologist represented by a black dot with 95% and 99% confidence intervals. The grey horizontal line is the average mortality for
percutaneous coronary intervention (PCl) in New York State 2002-2004.

Notes: Reproduced/used with pemission of John Wiley & Sons - Books, from: Kunadian B, Dunning J, Roberts AP, Morley R, de Belder MA. Funnel plots for comparing the
performance of PCI performing hospitals and cardiologists: demonstration of utility using the New York hospital mortality data. Catheter Cardiovasc Interv. 2009;73(5).589-94.
doi:10.1002/ccd.21893.4C Copyright © 2009 Wiley-Liss, Inc. Permission conveyed through Copyright Clearance Center, Inc.
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Cardiologists' performance with ICC of 6.54% and mortality of .63%

10+

+  Cardiologist
— Sign.
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T T T
0 1000 2000 3000
Cardiologists ordered by count of patients

Figure 3 This figure was created by the authors and is a higher resolution version of Figure 2 using the same data. It is a funnel plot with each cardiologist represented by
a dot with 95% and 99% confidence intervals. Cardiologists whose mortality confidence interval is above the 95% line are marked in red, those below marked in green.
Notes: Adapated/used with pemission of John Wiley & Sons - Books, from: Kunadian B, Dunning J, Roberts AP, Morley R, de Belder MA. Funnel plots for comparing the
performance of PCI performing hospitals and cardiologists: demonstration of utility using the New York hospital mortality data. Catheter Cardiovasc Interv. 2009;73(5):589-
94. doi:10.1002/ccd.21893.4° Copyright © 2009 Wiley-Liss, Inc. Permission conveyed through Copyright Clearance Center, Inc.

Example of distribution of doctor performance
with ICC of 6.54% and mortality of .63%
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Figure 4 A caterpillar plot created by the authors. It uses the same data as Figures 2 and 3. Beige (on left) and brown (on right) confidence intervals have an upper limit
above 10%. Green confidence intervals are wholly below average mortality, red confidence intervals wholly above.
Notes: Data from this publicly available source'"” which is the same one as used by Kunadian et al.*
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identification of high and low outliers and how heterogeneously doctors perform. They also show whether variation in
performance is consistent with chance or whether the variation is more significant than that. Fixed effects are calculated

through “modelling fixed provider effects”.*

Random Effects — Estimating the Variation Due to the Doctor

Random effects represent a percentage of the total variation in outcomes between patients that the doctors are responsible
for. They are estimated via the intra-class correlation coefficient (ICC), which is the proportion of the total variation in
the patient outcome attributed to doctors. There are many different ways to describe this effect.%” The ICCs measured and
reported in the studies ranged from 0% to 47% with a median of 3%.

Discussion

This methodological review of studies that report a doctors’ effect on a patient's physical outcomes has identified wide
variations in how researchers measure and report a doctors’ effect. However, there were 2 broad methods identified: fixed
effects that allow doctors to be ranked; and random effects where the proportion of variance attributed to unexplained
differences between doctors is estimated. The most common statistical model used in the analyses was a multivariable
multilevel regression where the types of confounding variables adjusted for included those assessing patient risk, known
doctor attributes, and, to a lesser degree, differences between hospitals or institutions.

Glance et al® discuss in some detail three approaches of provider profiling for binary outcomes, namely conventional
logistic regression, hierarchical logistic regression, and fixed-effects logistic regression. They conclude that hierarchical
logistic regression is generally preferred, except in the case where providers have low case volume, where hierarchical
logistic regression understates the provider effect. We agree that hierarchical logistic regression is an acceptable method
for provider profiling as it allows measurement of the strength of the providers’ effect on physical patient health.

This review identified substantial heterogeneity in how the percentage of the variation due to the doctors is reported.
For example, Goodwin et al*? reported the percentage of the variation for the null model as the “ICC” and the variation
calculated after taking all available information into account as “partitioned variance”. It is helpful to calculate the
variation of the null model as, if there is negligible or no variation, there is no need to include additional levels in the
analysis. In both cases, the null and adjusted models, the ICC was calculated. In contrast, Gutacker et al*® referred to the
random effect measure as the “variance partition coefficient”.

A crucial element of reporting fixed effects is the calculation of the confidence intervals of each doctors’ perfor-
mance. Glance et al®®%%® provide a detailed technical discussion of the respective advantages of using fixed (grading
doctors from worst to best) and random effects (calculating the percentage of outcome variation due to the doctor). One
pertinent issue discussed is that the smaller the cluster is, ie the fewer patients the doctor has, the greater the shrinkage
towards the mean,*®*” reducing the calculated ICC, and leading to an underestimate of the difference in performance
between doctors.

Interpreting the Doctor’s Effect

The clinical importance of the findings from the studies assessed in this methodological review depends on how common
the outcome assessed is and how varied the doctors’ effect is among practitioners. The more common and the more
varied, the more the finding is clinically important. The choice between a doctor with an above or below average effect
will have implications for the patients’ health outcomes at different levels of how common the outcome is and how
strong the doctors’ effect is. The stronger the doctors' effect and the more important the outcome, the more the choice of
doctor matters for the individual. The more common the outcome is, the more the choice of doctor matters for population
health.

Table 3 by Baldwin et al,?* originally from Wampold et al,*® and augmented by Kraemer et al,*® shows effect sizes for
different ICCs. The intra-class correlation coefficient (ICC) can measure the percentage of the variation in patients’
physical health outcomes due to each component of a medical interaction,?* which is typically the patient, the doctor, the
hospital, and the intervention. Table 3 shows a scenario where 50% of the patients recover from an intervention when
there is no doctors’ effect, ie for an ICC of zero. However, an ICC of 5.9% is reported to produce a medium-sized effect
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Table 3 Relationship Between ICC, Cohen’s d, Success Rates and NNT

ICC Cohen’s d*® Proportion of Untreated Success Rate Success NNT -
Controls Below Mean of of Untreated Rate of Numbers
Treated Persons Persons Treated Needed to
Persons Treat*®
Small
0.0% 0.0 0.500 0.500 0.500 °
0.2% 0.1 0.540 0.475 0.525 17.7
1.0% 0.2 0.579 0.450 0.550 8.9
Medium
2.2% 03 0.618 0.426 0.574 6.0
3.8% 04 0.655 0.402 0.598 45
5.9% 0.5 0.691 0.379 0.621 3.6
8.3% 0.6 0.726 0.356 0.644 3.0
10.9% 0.7 0.758 0.335 0.665 26
Large
13.8% 0.8 0.788 0.314 0.686 23

Notes: Cohen’s d’s aim is to describe the magnitude of response to treatments between two groups, for example, a treatment and
a control group. More technically, “The difference between the Treatment and Control group means, divided by the within-group
standard deviation”.® The Number Needed to Treat (NNT) is defined as the number of patients one would expect to treat with
Treatment to have one more success (or one less failure) than if the same number were treated with Control.*®

(Cohen’s d) with a Number Needed to Treat (NNT) of 3.6. Under such circumstances, an ICC of 5.9% can mean that
doctors have a clinically significant effect that is greater than many interventions.

Recommendations

How to Report a Doctors’ Effect
If researchers wish to report a doctors’ effect that has been estimated, we recommend the following:

¢ Including “doctors” effect’ or “physicians” effect’ in the keywords and optionally in the title or abstract

e Using multivariable multilevel regression for the analysis with adjustments for patient risk, doctor experience,
hospital effects, and any other potential confounding variable

e For describing fixed effects — grading doctors from worst to best, showing individual results for each doctor in
a Table or a Figure

e For describing random effects, calculation of the intra-class correlation coefficient (ICC), describing the variation
with 95% confidence interval and whether the outcome is a binary or continuous variable

e Making the dataset used for the analysis available for other researchers to conduct their own analyses.

What to Report

Observational Studies

We recommend reporting doctor effects after all available confounding variables have been taken into account, either by (a)

the percentage of variation in the patient outcomes which is attributed to the doctor but unexplained by known attributes such

as their experience, or (b) the ordering of doctors by their patients’ physical health outcomes, or (c) ideally both.
Reporting this data offers the potential to identify both low and high outliers among doctors, as well as how much of

an unexplained doctors’ effect there is on patient outcomes.

Data Points to Report
Table 4 lists the data points that are recommended to report. Table 5 shows a specific example of those reported data
points employing the dataset used in Kunadian et al.*
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Table 4 Data Points to Report

Data Points to Report

Description

1. Intervention

Type of intervention

2. Type of study

We do not recommend using cross-sectional studies (surveys), as response rates can introduce a selection bias.
This does not concem patient-reported data recorded by the doctor, like levels of pain or mobility.

3. Count of doctors

Count of doctors overall. For randomized controlled trials, the count of doctors for each arm.

4. Count of patients or procedures

If available, both patients and procedures.

Randomized controlled trials:
In addition to the above: number of arms to the study.
If the trial is not too large, a matrix showing how many patients of each arm were served by each doctor.

5. Count of higher aggregation, if any — hospital,
practices, counties, states

If there are more than two levels, ie not just patients/procedures and doctors, but also hospital, or medical
practice, or county, or state, reporting their number could be useful. As there is a well-known hospital effect,
distinguishing between hospital and doctors’ effects will be useful.

6. Outcome type

The patients’ physical health outcomes measured, for example mortality, length of stay, complications, pregnancies,
blood pressure or HbA1c levels under control/ not under control.

Definitions for each outcome. For example, with mortality, whether it is in-hospital, 30-days, or five years.
Whether the outcome is binary, ordinal, or continuous. If feasible, all 30-days, in-hospital, and longer times, if they
are available.

7. Percentage of patients/procedures with this
outcome

For binary outcomes, the percentage of patients by doctor with that outcome - lowest percentage, highest, mean,
and median.
For ordinal or continuous outcomes, lowest, highest, average, mean, and median outcome by doctor.

8. Multivariate analysis (Y/N)

Has there been a multivariate analysis, and which variables were considered for exclusion in the analysis, and
which were included in the final analysis?

9. Volume effect Y/N/NS (NS="not stated’)

Was the number of patients/procedures per doctor included in the analysis?
Was the effect, if any, reported as being substantial, not substantial, or not stated?

10. Observed vs expected recorded Y/N/NS

Were investigations done to identify low and high outliers among the doctors, and their count, or proportion
recorded?

Were funnel plot(s) provided, pointing out 95% and optionally, 90% and or 99% outliers?

Altematively, a caterpillar plot, ie a fixed effect chart showing the patient outcome for each doctor, together with
the individual doctor’s 95% Cl, sorted by patient outcome, showing outliers among doctors.

Confidence interval options:''®

Binomial (normal distribution in patient outcomes)
Delta method — what are the details, and how is it done?
Other — bootstrap, simulation'®

11. Percentage variation number/NS

The variation due to the doctors in the patients’ physical health outcome as a percentage of the total variance of
all investigated levels, with 95% confidence levels. Optionally, absolute variance and total variance as well.

12. ICC calculated during multilevel, multivariate
analysis

As the percentage of the total variance of all investigated levels is the definition of the ICC, reporting of the ICC
(intra-class correlation coefficient) as such with 95% confidence intervals as a more detailed alternative to
reporting only the variation.

13. Pre-shrinkage ICC calculated through

The ICC calculated in multilevel analysis is often reported as lower than it really is due to shrinkage.“** In order

Dove

simulation to find the pre-shrinkage ICC, the following approach can be taken:
Simulated datasets that have the same distribution as the doctor/patient clusters in the data investigated can be
generated using increasing ICCs until a generating ICC is found that has the same post-shrinkage ICC as the
dataset investigated. Reporting this pre-shrinkage ICC can be valuable, as it can be much larger than the post-
shrinkage ICC when, for example, the patients’ physical effect is not common (under 10%).
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Table 5 Data Points Reported by Kunadian et al

Data Points to Report

Kunadian et al:** an Example*

1. Type of intervention

Percutaneous Coronary Interventions (PCl) in New York State 2002—-2004, also known as
angioplasty.

2. Type of study

Cohort study from medical records.

3. Count of doctors

261

4. Count of patients or procedures

149,888 patients, procedures not stated.

5. Count of higher aggregation, if any — hospital,
practices, counties, states

48 hospitals

6. Outcome type

30-day and 3-year mortality following PCI.

7. Percentage of patients/procedures with this
outcome

Overall, 944 deaths out of 149,888 PCI procedures. After excluding patients listed as “All Other
doctors in this hospital”’, 912 deaths in 146,781 procedures.

8. Multivariate analysis (Y/N)

Yes. Risk-adjusted mortality rate.

9. Volume effect Y/N/NS (NS="not stated’)

Yes. Neither the downloadable paper nor Kunadian state whether there is a volume effect for
cardiologists. Kunadian states there is no significant relationship between hospital volume and
risk of in-hospital death from these data.

10. Observed vs expected recorded Y/N/NS

Yes.

Were funnel plot(s) provided?

Yes, provided in Kunadian as Figure 2.

Were caterpillar plots provided?

Not by Kunadian et al*’. See Figure 4 as provided by authors.

Were confidence intervals calculated?

Neither the downloadable document nor Kunadian state how the confidence interval was
calculated.

11. Percentage variation Number/NS

NS

12. ICC calculated during multilevel, multivariate
analysis

ICC was calculated by the authors of this paper to be 6.54%, 95% CI (4.32%, 9.79%).

13. Pre-shrinkage ICC calculated through
simulation

Using simulated data with the same number of doctors, cases per doctor, and deaths per
doctor, resulted in an average ICC of 6.48%, 95% Cl (4.47%, 9.32%) after 550 simulations.

Therefore, there is no substantial shrinkage at work, which is not unexpected as the mean
number of cases per doctor is high at 558.

Notes: *Kunadian et al's 2009 paper*® refers to a version of the original dataset'"” that can be freely downloaded and is sufficiently detailed for our purposes.

Strengths and Limitations

This is the first methodological review on the reporting of doctors’ effect on patient outcomes. The clarity and simplicity
of how doctors’ and surgeons’ effects are described here and the suggested standardization of such reporting should
allow meta-analysis to be conducted, allow robust identification of outliers, and make the re-analysis of much existing
data feasible. However, a limitation is that, as all of the included studies were conducted in North America or Europe, it
is unclear whether the findings can be generalized to other regions, particularly in developing nations.

Conclusion
A doctors’ effect on patients’ physical health can be measured and reported in two ways:

Firstly, by calculating the percentage of variation in patients’ physical health outcomes due to the doctor in the form
of the intra-class correlation coefficient (ICC). Secondly, by grading doctors from best to worst patients’ physical health
outcomes, assigning a confidence interval to those outcomes, and reporting how many doctors’ confidence intervals fall
wholly above or below the overall average. Ideally, both should be reported.
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