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INTRODUCTION

Laboratory testing has had a prominent place in modern medicine since its advent
in the early 20™ century. Yet the field of clinical chemistry has roots that go back
even further. In the early 19" century, physicians started to apply chemical processes
to medicine, inspired by the newly developed experimental orientation of medicine
and the emergence of organic chemistry in the late 18" century.” Initially, most tests
were performed at the bedside of the patient, but improvements in the knowledge
of chemical compounds and their analysis led to the establishment of independent
clinical laboratories as early as the 1840s. Since then, clinical chemistry has continued
to flourish, owing to a plethora of technological advances, such as the Vacutainer,
invented in 1946, and the first automated chemical analyzer, developed in 1959.2

Since then, clinical chemistry has become indispensable in clinical medicine. A
widely cited estimate states that up to 70% of downstream treatment decisions are
affected by laboratory testing.” This estimate has been criticized for having little
evidence to back it up.*” However, the ambiguity about the exact figure may say
more about the difficulty in quantifying the value of laboratory testing than about
the value per se.” Medical decision making is by its nature a multifactorial process,
and the individual contributions of its separate components, one of which being
laboratory testing, are difficult to untangle.

Setting aside the exact figure, the claim that a large proportion of medical
decisions are, at least partially, based on laboratory testing does seem to have merit.
In primary care, almost a third of laboratory test leads to downstream activities,
the most frequent of which were additional laboratory testing and prescribing new
medication.” A survey of German and U.s. cardiologists and oncologists found that in
vitro testing led to substantial clinical decisions in 66% of patients who had undergone
testing.” Furthermore, it showed that laboratory testing was used in up to 88% of
patients when they were initially diagnosed.

From this viewpoint, the diagnosis or exclusion of diseases is one of the principal
roles of laboratory testing. An abundant number of medical conditions are dependent
on laboratory testing for their diagnosis, such as coagulopathies, infectious diseases,
and endocrine disorders. Besides in diagnosis, laboratory testing also plays an
important part in the monitoring of treatments and the follow-up and screening of
diseases.”"

CoOSTS OF LABORATORY TESTING
However, the value of laboratory testing comes at a cost. The costs of laboratory
testing differ depending on how one looks at it. In the United States, laboratory
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CHAPTER I

testing constitutes the highest-volume health care service, with over 12 billion
individual tests performed annually.” Due to the sheer number of tests being ordered,
the costs of laboratory testing add up to a sizable amount. One study found that in
vitro diagnostics, which not only includes laboratory testing but also tissue biopsies,
make up 2.3% of total health care spending in the United States.” Health care spending
in the U.S. in 2020 amounted to $4.1 trillion, which would imply that the costs of
laboratory testing alone exceed $90 billion.”

On the other hand, individually most laboratory tests are quite cheap. In the
University Medical Center Utrecht in the Netherlands, for instance, the costs of the
most commonly ordered tests, such as glucose or hemoglobin, range from €o,52 to
€1,12." Of course, there are more expensive tests, but these are generally ordered much
less frequently. The prices of these tests do vary across different countries though,
with prices generally being higher in the United States than in most European
countries.”"

The tinancial costs of laboratory testing have come under scrutiny due to the
enormity of overall health care spending. In Europe, health care spending makes
up 5.3 to 11.9% of GDP and in the United States, even 19.7% of GDP is spent on health
care.”* This is compounded by the fact that health care spending is increasing over
time. In 2019, health care spending has increased by 4.8% in the Netherlands, and 9.7%
in the United States. This has already led to intensifying strains on its sustainability
over the longer term, forcing many health care systems to investigate ways to lower
the costs.

This cost awareness, which has been gaining traction over the last couple of
years, has led to several initiatives that aim to reduce health care spending by cutting
down on low value health care. A famous example is the international Choosing
Wisely campaign, which tries to engage health care professionals and patients
in reducing unnecessary tests and procedures.” The goal of this campaign is not
only to bridle health care spending, but also to improve the quality of patient care.
The Choosing Wisely campaign includes several recommendations on laboratory
testing. In the Netherlands, the Netherlands Association of Internal Medicine has
produced a recommendation that states that laboratory tests should not be ordered
more than twice a week in clinically admitted patients.” The Netherlands Society
for Clinical Chemistry and Laboratory Medicine has produced five Choosing Wisely
recommendations, four of which advise against performing certain tests.” In addition,
a nationwide programme has been set up in the Netherlands, called “Doen of Laten”
(To do or not to do) to evaluate and reduce low value health care.”” This programme
includes a project aimed at reducing unnecessary laboratory testing.”
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INTRODUCTION

OVERUTILIZATION

These recommendations and projects are based on the implicit idea that a substantial
proportion of laboratory testing are redundant, and can therefore be eliminated
without having an impact on patient care. When looking at redundant testing, one
can distinguish between overdiagnosis and overtesting. Overdiagnosis refers to
diagnosing conditions that will not affect patients’ health.** A famous example
is the national cancer screening programme in South Korea, which was set up in
1999 and has led to a fifteenfold increase in the incidence of thyroid cancer, while
mortality from thyroid cancer has remained the same.”” This implies that the
additional new thyroid cancer diagnoses did not affect clinical outcomes for patients.
In overdiagnosis, the testing in itself is appropriate for establishing the diagnosis, even
though the diagnosis in question has no value.

In this respect it is different from overtesting, or laboratory test overutilization,
which refers to laboratory tests that are performed even though they are not indicated.
Overtesting includes both inappropriate initial testing and inappropriate repeat
testing. An example of inappropriate initial testing is ordering both prothrombin time
and partial thromboplastin time in patients on anticoagulant therapy.” Inappropriate
repeat testing refers to repeating a laboratory test at a higher frequency than justified,
based on the properties of the test and the clinical situation,” for instance repeating
HbATIc tests within three months of the last test.” On average, these overutilized tests
comprise over 20% of all laboratory tests.””

Many reasons for laboratory test overutilization have been suggested. For one,
patients tend to highly value laboratory testing. In fact, their expectations of its
capabilities to screen for and diagnose diseases may be unrealistically high.*** At
the same time, they tend to underestimate the negative consequences of testing. For
instance, in interviews with patients in general practice, the rate of false positive tests
was estimated to be one in several thousand tests.*” In reality, it may be more than
half of all positive test results.”

Furthermore, laboratory testing can also have additional importance for patients.
For instance, patients view tests as a sign that their doctor takes them seriously, and
thus additional testing may support the patient-doctor relationship.”* Clinicians
may therefore choose to use laboratory tests, even if strictly there is no good
indication for performing the tests. Clinicians are more likely to order laboratory
testing when faced with patients whom they perceive as being assertive or wanting
reassurance.” Additionally, they use laboratory tests to reassure themselves, mostly
when experiencing diagnostic uncertaincy. It is therefore not surprising that a risk-
taking attitude has been found to be associated with ordering fewer laboratory tests.””
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CHAPTER I

However, in the long run, ordering low value diagnostic tests does not reassure
patients or reduce their anxiety.”

There have been a large number of studies investigating laboratory test
overutilization and efforts to reduce it.*** Almost all of these studies have focused
on cost savings as the most important outcome measure, whereas patient centered
outcomes have been all but neglected.”” Nevertheless, these patient related outcomes
of overtesting are important and warrant further study. First of all, laboratory testing
is an invasive procedure, which places a burden on patients. Patients have to travel
to the laboratory to get their blood drawn, for which they may need to take time
off from work. Venipunctures are unpleasant for patients and in some cases harm
them, for instance by leading to anemia.” In clinically admitted patients, especially
in the intensive care department, where they are subjected to daily venipunctures,
the total volume of phlebotomy was independently associated with the need for
blood transfusions.” Furthermore, laboratory test overutilization leads to additional
downstream testing and procedures, which in turn can cause patients harm, as any
clinician who has had the experience of going down a garden path of false positive
test results can attest.” This experience has been dubbed the Ulysses syndrome.*

There have been no systematic evaluations of the downstream effects or other
patient centered outcomes of laboratory test overutilization. This is a consequence
of the methodology of most studies, which use population based data or laboratory
databases, where little or no clinical information on those patients involved is
available. A more thorough assessment of patient outcomes would require patient
level data to assess the actual consequences of inappropriate testing for any given
patient. Yet, obtaining this information is difficult as it necessitates measures such
as individual chart reviews and questionnaires, which are laborious and costly.

The ample number of different interventions that have been tried to reduce
overutilization include changes in the electronical ordering system* and feedback
to individual health care providers* among other things. The efficacy of these
measures varies considerably, although very few head to head comparisons have been
performed. Furthermore, the majority of studies have only investigated short-term
effects of these interventions, which raises questions about the sustainability of the
effects.” Which intervention or combination of interventions forms the most effective
strategy to reduce inappropriate overtesting remains an open question.
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UNDERUTILIZATION

Another form of inappropriate laboratory testing is underutilization, in which tests
are not ordered even though they are indicated. For instance, even though epididymo-
orchitis is most commonly caused by a sexually transmitted pathogen in younger men,
a British study in general practice found that only 3% of patients had been tested for
chlamydia.” Undertesting can lead to delayed or missed diagnoses, which in turn
can lead to delays in the commencement of appropriate treatment. Furthermore, if
a necessary test is not performed, an incorrect diagnosis could be made, exposing
patients to unwarranted treatments.*’ Finally, undertesting can have public health
consequences, for instance in the HIV epidemic, given that people who are unaware
of their HIV status are more likely to transmit the virus to others.”

Evidence for patient harms from undertesting stems mainly from malpractice
claims for missed diagnoses.”” The most common cause of missed diagnoses was
failing to order an appropriate test. Since malpractice claims typically only showcase
the most serious cases, it is likely that undertesting causes more harm than these
studies suggest.

Undertesting is more common than overtesting, but it has been studied far less
extensively.’””” This asymmetrical focus on overtesting may be motivated by the
expanding health care spending mentioned earlier and the cost awareness that stems
from it. Additionally, it may also reflect the inherent difficulty of determining what
constitutes inappopriate testing. The appropriateness of a laboratory test may not be
dichotomous, but rather form a continuous spectrum from completely appropriate
to completely inappropriate, with many tests falling somewhere in between.”
Consequently, in areas where no standardized diagnostic protocols exist, it is difficult
to determine whether a relevant test has been missed, because that would require
determining the clinician’s diagnostic reasoning.*

VALUE OF THE DIAGNOSTIC PROCESS

Overutilization and underutilization of laboratory tests are both undesirable and
reducing them will improve the value of the diagnostic process. However, laboratory
tests are never performed in a stand-alone fashion, but virtually always in conjunction
with other tests. Therefore, thinking about the value of laboratory testing may require
a more nuanced approach. Instead of focusing on individual laboratory tests and
determining their separate appropriateness, it may be more interesting to look at the
value of the diagnostic process in its entirety.
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From the perspective of patients, the entire diagnostic process is more relevant
than its individual components. Evaluating the entire process also allows for
comparisons between the constituent parts, as sometimes the optimum may entail a
trade-off between overtesting and undertesting. For example, a study on the diagnosis
of anemia in general practice compared an extensive standardized laboratory panel
with routine testing. The initial costs of the extended panel were slightly higher, but
this strategy led to an earlier diagnosis and was likely to be cost-effective

Furthermore, the value of the laboratory testing does not only depend on the
appropriateness of the tests performed. A diagnostic process can be said to have value
if it produces timely and accurate results that are being interpreted correctly, and
that contribute to patient management, while resulting in a minimum of incidental
findings, and imposing a minimal burden on patients. These factors are closely
related. The extent to which diagnostic tests contribute to patient management and
lead to incidental findings reflects the issues of overdiagnostics, overutilization and
underutilization mentioned earlier, but of course also depends on the timeliness,
accuracy and interpretation of the results.

In the case of laboratory testing, the timeliness of the testing is often referred
to as the turnaround time. This is the time it takes for the laboratory test results to
become available to the ordering physician from being ordered, and it is considered
to be an important part of the so-called brain-to-brain loop. Shorter turnaround
times mean that the physician has access to the test results sooner, which can shorten
the overall diagnostic process. A shorter time to diagnosis has been found to improve
patient outcomes in several different settings*** Also, shorter turnaround times allow
for more efficient care for outpatients, as test results can be discussed by the doctor
and the patient face-to-face during the visit, without patients having to come to the
laboratory on a separate occasion, which is costly and time-consuming.”

Laboratory turnaround times can be divided into three separate stages: pre-
analytical, analytical, and post-analytical.” The pre-analytical stage is the time
from the ordering of the laboratory tests to the samples’ being ready for analysis. It
comprises the logistics of the sample collection, usually through venipuncture, the
transportation of the sample to the laboratory, and possible preparation for analysis.
The analytical stage is the time from the start of the actual analysis to the confirmation
of the test results. The post-analytical stage is the time from confirmation of the
results to the moment the test results are evaluated by the ordering physician.”

These stages all affect the timeliness and also the accuracy of the diagnostic
process, but their relative contributions vary. Because the analytical stage is wholly
based in the laboratory, it has been easiest for laboratory specialists to manage. Over
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time, increased laboratory automation has improved this aspect of the turnaround
time and led to analytical errors becoming relatively rare.”” The relative contribution
of the other two stages to both the total turnaround time and the number of
diagnostic errors is much higher. For instance, non-analytical delays have been
reported to be responsible for up to 96% of turnaround time.” There are several quick
wins in improving the pre-analytical stage of turnaround time, such as installing a
pneumatic tube system for transfer of the samples to the laboratory.” However, a large
part of the pre-analytical and post-analytical stages have proven to be more difficult
to affect, presumably due to their multifactorial nature, in which both the clinical
and laboratory medicine are involved.”%

In the pre-analytical stage, there are two main factors that reduce the diagnostic
value of laboratory testing. Firstly, and most importantly, physicians sometimes
have difficulty correctly ordering the indicated tests.” For instance, one study
in patients with suspected auto-immune conditions found that in more than 60%
of cases there had been an error in test selection.” This can lead to both over- and
underutilization of tests, and subsequently to diagnostic delays and errors. Secondly,
incorrect collection or handling of samples can lead to erroneous test results.”” Most
frequently, this is caused by hemolysis, but there are many more potential errors, such
as using incorrect tubes or errors in labeling. Not all of these can be readily detected
by the laboratory, for example in the case of contamination by infusion fluids.””

Errors in the post-analytical stage are generally caused by failures to report critical
results, and more importantly, errors in the interpretation of the test results by the
clinician.”” As such, it is the stage that is the most outside of the scope of the clinical
laboratory, and it has been studied less extensively than the other two.” Yet mistaken
interpretations of test results can lead to wrong diagnoses with potentially profound
consequences, inclusing increased mortality.”” These worse outcomes reduce patient
satisfaction which may in turn prompt patients to seek second opinions.”

One study on malpractice claims for diagnostic errors found that in 37% of
cases, the error was attributable to an incorrect interpretation of test results.” There
are many different causes for erroneous interpretations of laboratory tests, such
as cognitive errors, a failure in judgment or a lack of knowledge.”” This is partly
due to the intricate nature of diagnostic testing, which involves complex metabolic
pathways and extensive interactions with other compounds. For instance, there are
approximately s0,000 known drug-laboratory test interactions.”” This may explain
why 28% of urine toxicology screens are interpreted incorrectly by the ordering
clinicians.” Additionally, laboratory reference ranges do not always reflect the true
limits of normal test results, and are often not adjusted for possible differences
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between people based on gender, age or ethnicity.” Yet, the distribution of normal
test results varies significantly between persons of different ethnic backgrounds,
with for instance both black and Asian persons having reduced lower limits for
most hematological parameters when compared to whites.” But even relatively basic
principles of diagnostic testing such as sensitivity, specificity and likelihood ratios
have proven to be difficult to understand for most physicians.” Unsurprisingly,
clinicians are quite frequently unsure about their interpretation of laboratory test
results.”

As health care professionals it is our duty to improve the health and quality of life
for patients, while doing as little harm as possible. With regards to laboratory testing,
this entails that we should not subject patients to unwarranted testing and excessive
blood draws, that patients should not have to wait unreasonably long for the test
results to become available, and that the risk of diagnostic error should be minimized.

OUTLINE OF THE THESIS
This thesis addresses several aspects of the value of laboratory testing, such as the
timeliness and diagnostic yield of the results and the appropriateness of the ordered
tests, in three different clinical settings, which are covered in the three sections of
this thesis: the first section, containing chapters 2 and 3, is set in the emergency
department, the second section contains chapters 4 to 6 and pertains to the outpatient
clinic, and the third section, which consists of chapter 7, concerns the inpatient ward.

In chapter 2, two measures of the timeliness of laboratory test results are
investigated: the time from arrival of the patient in the emergency department to
the ordering of laboratory testing (time to testing), and the time from the laboratory
test ordering to the results’ becoming available (turnaround time). We performed
a retrospective cohort study on the effect of these two measures on the emergency
department length of stay, a measure of the quality of care and of emergency
department crowding.

Chapter 3 explores the potential of routinely measured hematological parameters
in a specific setting: the diagnosis of immune-related adverse events in patients on
immune checkpoint inhibitors, which can be challenging. We used machine learning
to assess the added diagnostic value of these hematological parameters in addition to
standard diagnostic practices.

Making a timely diagnosis is important for newly referred patients to the
outpatient clinic. We devised a strategy in which patients had a standardized set of
laboratory tests done directly prior to the visit to the internal medicine outpatient
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clinic. To assess whether this strategy would lead to more timely diagnoses, we
compared it with routine care, in which laboratory tests were ordered after the visit.
The results of this study are reported in chapter 4.

In cases where the diagnostic process fails or is questioned, patients may seek a
second opinion from another health care professional. These second opinions are
associated with additional costs and test overutilization, as tests may be unnecessarily
repeated. In Chapter s the outcomes and costs of second opinions in the general
internal medicine outpatient clinic of our hospital are reported.

Repetitions of laboratory tests also occur when patients are referred to the
outpatient clinic. This is a potential source of laboratory test overutilization. Chapter
6 assesses the extent of laboratory test repetition and whether this yields any new
information in referrals by general practitioners to the internal medicine outpatient
clinic.

In Chapter 7 the results of a study on laboratory test overutilization in clinically
admitted patients are reported. This study was performed on the general internal
medicine ward of our hospital. Both the extent of overutilization and its causes are
evaluated, by means of a survey and focus group interviews.

Chapter 8 provides a summary and a discussion of the results, resulting in a
conclusion and views on possible further research.
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CHAPTER 2

ABSTRACT

Background
A longer emergency department length of stay (EDLOS) is associated with poor
outcomes. Shortening EDLOS is difficult, due to its multifactorial nature. A potential
way to improve EDLOS is through shorter turnaround times for diagnostic testing.
This study aimed to investigate whether a shorter laboratory turnaround time (TAT)
and time to testing (TTT) were associated with a shorter EDLOS.

Methods

A retrospective cohort study was performed, including all visits to the emergency
department (ED) of an academic teaching hospital from 2017 to 2020 during which
a standardized panel of laboratory tests had been ordered. TTT was calculated as the
time from arrival in the ED to the ordering of laboratory testing. TAT was calculated
as the time from test ordering to the reporting of the results, and was divided into a
clinical and a laboratory stage. The outcome was EDLOS in minutes. The effect of
TTT and TAT on EDLOS was estimated through a linear regression model.

Results
In total, 23,718 ED visits were included in the analysis. Median EDLOS was 199.0
minutes (interquartile range [IQR] 146.0 — 268.0). Median TTT was 7.0 minutes (IQR
2.0 — 12.0) and median TAT was s1.I minutes (IQR 41.I — 65.0). Both TTT and TAT
were positively associated with EDLOS. The laboratory stage comprised a median of
69% (IQR 59 — 78%) of total TAT.

Conclusion
Longer TTT and TAT are independently associated with longer EDLOS. As the
laboratory stage predominantly determines TAT, it provides a promising target for
interventions to reduce EDLOS and EDLOS crowding.
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BACKGROUND

Emergency department length of stay (EDLOS) is an important benchmark of the
quality of care in the emergency department (ED). EDLOS is affected by many factors,
both patient-related and organizational. Generally, more complex and acute patients,
who generally require more extensive diagnostics, have longer EDLOS.*? Organizational
factors that increase EDLOS include a shortage of beds leading to hospital transfer,
evaluation by medical students or trainees, and sequential specialist consultations.*’
Extended lengths of stay lead to crowding in the ED, which in turn is associated with
worse outcomes, including death.”* In a study on patients with severe pneumonias,
performed during the COVID-19 pandemic, EDLOS was an independent risk factor for
in-hospital mortality (odds ratio 1.84 for EDLOS in hours).” Given the increasing age
and complexity of patients presenting to the ED, long EDLOS is a growing concern.”
Therefore it is important to look for interventions that shorten EDLOS.

A potential determinant of the EDLOS that has been relatively understudied is the
laboratory testing turnaround time (TAT).”** A shorter TAT results in the clinician’s,
and thus the patient’s, having earlier access to the test results, which play an important
role in many medical decisions.”

One solution to shorten TAT is point-of-care testing, in which laboratory tests are
performed at the patient’s bedside.”” In the ED, point-of-care testing has been shown
to lead to shorter length of stay in some studies,* but not in all.** Studies also show
conflicting results on the effect of point-of-care testing on hospital admission rates
in the same patient groups.”*” These conflicting results may be caused by point-
of-care testing’s only being available for a limited number of tests, such as cardiac
markers, blood gases and certain electrolytes. Often, additional laboratory tests at the
central laboratory are required, which might prolong the EDLOS. In one trial, 94.7%
of patients who had point-of-care testing done still required additional testing from
the central laboratory.”

Therefore, the TAT of regular laboratory tests at the central laboratory may
prove a more promising target for shortening the EDLOS. Many studies on TAT have
focused on the laboratory’s perspective, but from the perspectives of the patient and
the clinician, what matters is not only the time the laboratory needs to generate the
results, but also the time required to send the samples to the laboratory and even
the time it takes the clinician to decide to order laboratory testing in the first place,
which we dubbed the time to testing (TTT). To our knowledge the latter has not been
studied in relation to EDLOS.

Consequently, this study was set up to investigate whether a shorter TAT and TTT
were associated with a shorter EDLOS.
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METHODS
Patient selection

This is a single center retrospective cohort study performed in the University Medical
Center Utrecht (Umc Utrecht), an academic teaching hospital in the Netherlands,
with around 20,000 ED visits per year. The study period ran from January 2or7 until
January 2020. The study population included all ED visits of adult patients for whom
astandard panel of laboratory tests was ordered (pre-defined in our electronic health
record as the “internal medicine lab”) through the order management module of
the electronic health record. This standard panel comprises the following fourteen
tests: hemoglobin, thrombocyte count, leukocyte count, sodium, potassium, urea,
creatinine, alkaline phosphatase, gamma glutamyltransferase, alanine transaminase,
aspartate transaminase, lactate dehydrogenase, glucose, and c-reactive protein.
Other tests can be added to this panel, for instance cardiac markers in patients with
suspected myocardial infarction. Only visits in which these standard tests were
ordered were included to prevent confounding by indication.

If the standard panel was ordered more than once during an ED visit, the first
order was used for the analysis. Visits in which not all of the ordered tests of the
standard panel were actually performed were excluded from the analysis. If patients
visited the ED more than once in the study period all eligible visits were included in
the study and were seen as individual events.

In the ED, the nurses are responsible for the venipuncture and the transportation
of the samples to the laboratory by pneumatic tube.

Meﬂsm’af dnd outcomes
The primary outcome was the EDLOS, defined as the time from arrival in the ED to
either discharge, admittance, transfer elsewhere, or death, in minutes.

The TTT was calculated as the time in minutes between the patient’s arriving in
the ED and the ordering of laboratory tests. The TAT was calculated as the time in
minutes between the time the laboratory tests were ordered at the ED and the time the
last result of all tests in the standard panel was reported in the electronic health record.

Furthermore, the TAT was divided into a clinical stage (the time from the ordering
of the laboratory tests to the arrival at the laboratory) and a laboratory stage (the time
from the arrival of the sample at the laboratory to the results becoming available in the
electronic health record). The different times are represented schematically in Figure 1.
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FIGURE 1: TIME TO TESTING (TTT) AND TURNAROUND TIME (TAT)

patient arrives ordering of sample arrives at results are
in ED laboratory tests laboratory available
N J \ J
Y Y
L J L clinical stage laboratory stage )
Y
time to testing turnaround time
(TTT) (TAT)

All times are reported in minutes.
ED: emergency department.

Additionally, data were collected on the date of the visit, the patient’s age and
sex, the time of arrival at the ED (recorded as being between 8:00 and 16:59 (day time
shift), between 17:00 and 00:59 (evening shift) or between or:00 and 07:59 (night
shift), the Emergency Severity Index level,” which is used as the triage system in the
ED, the number of out-of-range laboratory test results in the panel, the daily total
number of ED visits, the destination after the ED visit (discharge home, admittance
to hospital, transfer to another facility, or deceased) and the specialty treating the
patient at the ED (grouped into medicine, surgery, and other specialties including
psychiatry, rehabilitation medicine, pain management, and radiotherapy).

The time of day and the date were used to account for potential confounding
due to variations in the laboratory workload and ED crowding both over time and
at different times of the day. The Emergency Severity Index level, the specialty, the
destination after the ED visit and the number of out-of-range tests were included as
proxies for the acuity level, which was identified as a confounder in previous studies.”*

Data acquisition

All determinants were collected by two of the authors through the Utrecht
Patient Oriented Database (UPOD) and checked for quality by a third. uPoOD is
an infrastructure of relational databases that automatically retrieve data from the
hospital information system on patient characteristics, hospital discharge diagnoses,
medical procedures, medication orders and laboratory tests for all patients treated at
the umc Utrecht since 2004. UPOD data acquisition and management is in accordance
with current regulations concerning privacy and ethics. The structure and content
of uPoD have been described in more detail elsewhere.”* All measures regarding ED
arrival and discharge and the logistics of the laboratory tests are automatically time
stamped in the hospital information system.

31



CHAPTER 2

Statistical analysis

Baseline characteristics were reported. Means and standard deviations (SD) were
calculated for normally distributed data, and medians and interquartile ranges (IQR)
for non-normal data. Visits with data suspected to be incorrect (e.g. incorrect time
stamps due to the change from daylight savings time) were excluded. In order to
handle erratic outliers caused by administrative errors, the data set was trimmed to
exclude the top and bottom 0.5% values for the EDLOS and the clinical and laboratory
stages of the TAT.

The effect of the total TAT and TTT on the EDLOS was estimated by using linear
regression, both in a univariate model as in a multivariate model, controlling for the
other variables mentioned above.

The regression model gives estimates for the increase in EDLOS in minutes per
one minute increases in TAT and TTT, as well as for changes in the other variables. A
p-value of < .05 was considered significant. A sensitivity analysis was performed by
performing the linear regression on the full dataset including the trimmed values.
Furthermore, we calculated how much of the total TAT consisted of the clinical and
laboratory stages. As a post-hoc analysis, we compared the TAT for the different times
of day, which was tested using the Kruskal-Wallis test. All analyses were performed
in R version 4.0.3.

REsuLTS
There were 24,727 eligible visits to the ED during the study period, out of a total
of 39,992 visits during which any laboratory tests were ordered. In 290 cases, not
all laboratory tests that had been ordered were actually performed, and these were
excluded. A further 6 patients were excluded because one of the time points in their
ED visit fell in the transition period from summer time to winter time, which led to
ambiguous turnaround times.

Trimming the data set to deal with outliers led to the exclusion of 713 cases (2.9%),
which left 23,718 visits for the analysis.

The mean age of the included patients was s8.4 years (SD 17.8), and 47% of patients
were female. The majority of visits (87%) were treated by medicine specialties. About
half of the visits (53%) resulted in admission to the hospital. The median TTT was 7.0
minutes (IQR 2.0 — 12.0) and the median total TAT was s1.1 minutes (IQR 41.1 — 65.0).
The median EDLOS was 199 minutes (IQR 146.0 — 268.0).

All the baseline characteristics of the patients in the analysis are provided in

Table 1.
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TABLE I: BASELINE CHARACTERISTICS

total number of ED visits

23,718

age (in years; mean + SD)

58.4 £17.8

female sex 11,041 (47%)
specialty

- medicine 20,551 (87%)
- surgery 3,098 (13%)
- other 69 (< 1%)
time of day

- 8:00 - 16:59 14,279 (60%)
- 17:00 — 0:59 7,510 (32%)
- 1:00 - 7:59 1,929 (8%)
number of daily patients (mean + sD) 55.9 £ 8.7
number of abnormal tests (median + IQR) 5.0 (3.0 - 7.0)
destination

- home 10,713 (45%)
- admission 12,524 (53%)
- transfer to another facility 410 (2%)

- death 71 (< 1%)
ESI triage level

- level: 644 (3%)

- level 2 6,401 (27%)
- levels 15,189 (65%)
- level 4 1,434 (6%)

- level s 23 (< 1%)

- notscored 28 (< 1%)

TAT (in minutes; median + IQR)

1.1 (41.1 — 65.0)

TTT (in minutes; median + IQR)

7.0 (2.0 — 12.0)

EDLOS (in minutes; median + IQR)

199.0 (146.0 — 268.0)

All variables are absolute numbers and percentages (%) except where otherwise specified.

ED: emergency department; EDLOS: emergency department Iength of stay; ESI: emergency severity

index¥; IQR: interquartile range; SD: standard deviation; TAT: turnaround time; TTT: time to testing

After adjustment for the other co-variables in the model, a one minute increase

in the TTT led to an increase in the EDLOS of 0.56 minutes (95% CI 0.50 — 0.62) while

a one minute increase in TAT led to an increase in the EDLOS of 0.32 minutes (95%

CI0.28 — 0.37). Furthermore, age, female sex, the number of out-of-range laboratory

tests, ED visits during office hours, the daily total number of patients in the ED, all

but the highest Emergency Severity Index level, and being admitted to hospital or

transferred to another facility were also associated with a longer EDLOS (Table 2).

33



CHAPTER 2

TABLE 2: DETERMINANTS OF EDLOS

Change in EDLOS in Change in EDLOS in p-value
minutes® minutes (multivariate)
(univariate) (95% CI) (multivariate) (95% c1)
TAT (in minutes) 0.50 (0.45 — 0.54) 032 (0.28 - 0.37) <.001
TTT (in minutes) 0.50 (0.43 — 0.56) 0.56 (0.50 — 0.62) <.o01
time from the start of the 0.003 (-0.001 - 0.007) 0.002 (-0.002 — 0.006) 26
study period (in days)
age (in years) 0.29 (0.22 — 0.36) 0.12 (0.05 — 0.19) <.00I1
female sex 4.1(17 - 635) 4.9 (2.6 —7.2) <.oo1
specialty
- medical -b b -
- surgical 16.7 (13.1 - 20.2) 14.0 (10.6 — 17.4) <.o01
- other -36.4 (-58.7 — -14.0) -27.6 (-49.1 — -6.1) .01
time of day
- 8:00 - 16:59 -b -b -
- 17:00 — 0:59 -24.9 (-27.5 — -22.3) -20.7 (-23.3 — -18.2) <.o01
- 1:00 - 7:59 -34.6 (-39.1 — -30.2) -25.7 (-30.1 — -21.4) < .00l
number of daily patients 0.28 (0.15 — 0.42) 0.20 (0.07 — 0.34) .003
number of abnormal tests 5.2 (4.87 —5.6) 4.8(4.4-523) <.001
destination
- home -b -b -
- admission 1.2 (8.8 — 13.6) 6.2(3.7-87) <.001
- transfer to another facility  97.2 (88.0 - 106.5) 90.0 (81.1 — 98.9) <.o01
- death 13.0 (-8.8 — 34.9) 53.2 (315 — 74.9) <.o01
ESI triage level
- level 1 =P =P -
- level 2 49.9 (42.3 - 57.) 65.2(57.7 = 72.7) < .00l
- levels 66.2 (58.8 — 73.6) 75.4 (68.0 — 82.8) < .00l
- level 4 54.4 (45.6 — 63.1) 63.8 (55.1 = 72.5) <.o001
- level 5 243 (-14.7 — 63.3) 22.1(-15.4 — 59.6) 25
- notscored 8.6 (-27.5 — 44.7) 12.0 (-22.6 — 46.6) 50

*The change in EDLOS is the change in minutes per one unit increase in the explanatory variable

for continuous explanatory variables (minutes for TAT and TTT, days for the time from the start of

the study period, years for age, and number for daily patients and abnormal tests. For categorical

explanatory variables, it is the change in minutes compared to the reference category.

b Reference category

EDLOS: emergency department length of stay; EsI: Emergency Severity Index”; CI: confidence interval;

TAT: turnaround time; TTT: time to testing
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There were no relevant interactions between the variables in the model, so these were
left out of the final model. The adjusted R*of the model was 10%. Performing the
linear regression on the untrimmed data set did not change the results.

The total TAT was mostly driven by the laboratory stage, which comprised a
median of 69% (IQR 59 — 78%) of the total laboratory turnaround time. TAT was
generally shorter in the evenings and nights (Figure 2). The median TAT was s5.6
minutes (IQR 46.1 — 69.5) during office hours, 44.7 minutes (IQR 37.1 - 60.0) in the
evenings and 41.2 minutes (IQR 35.0 — 52.8) in the nights (p < .oo1).

FIGURE 2: LABORATORY TURNAROUND TIMES PER TIME OF DAY
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DiscussioN
This study found that a one minute increase in TTT leads to a 0.56 minute increase in
EDLOS and that a one minute increase in TAT leads to a 0.32 minute increase in EDLOS.

This confirms the results from previous studies.”” However, the study by Kaushik
et al. only investigated the relationship between the TAT and the EDLOS for patients
who were being discharged home. We found that the relationship also holds in patients
who are admitted to hospital. These patients are probably most likely to benefit from
shorter turnaround times, given that they generally have higher acuity levels and their
EDLOS was typically longest (data not shown). Furthermore, the TATs in this study
were shorter than in other studies, implying that improving the TAT is still worthwhile
even if these times are already relatively short.

The low R* (10%) of the fitted model suggests that there are other important
factors determining the EDLOS. This is not surprising. An important example of
such determinants is the patient’s acuity level” Our study shows that the Emergency
Severity Index level, the rate of out-of-range laboratory tests and the destination of the
patient after the ED visit, which can be seen as proxies of the acuity level, are indeed
positively associated with the EDLOS. Besides acuity level, other studies have found
that diagnostic imaging is associated with a longer EDLOSs.>* Even though acuity and
the decision to perform diagnostic imaging may have a greater effect on the EDLOS,
these factors are not modifiable.

Laboratory turnaround times on the other hand can be modified. For instance, we
found that TAT were on average 10.9 and 14.4 minutes shorter in respectively evenings
and nights as compared to during the day, most likely due to a lower workload in the
clinical laboratory outside of office hours. If this reduction could be realized during
office hours, it would lead to an increase in ED capacity of 2.3%. This is in line with
the study by Kaushik et al., which found that a 15 minute reduction in TAT would
lead to a 3% increase in ED capacity.

This implies that significant reductions in EDLOS can be achieved through
improved TATs. In this study the TAT was further divided into a clinical and a
laboratory stage. The laboratory stage is the period from the arrival of the sample
at the laboratory until the reporting of the results, thus comprising all the internal
processes of the laboratory. It is therefore the stage that is most readily modifiable
from the laboratory’s point of view.

Over the last decade, many medical laboratories, including ours, have made
substantial progress in improving the TAT. Examples include installing robot
track systems for transport of samples to centrifuges and analyzers, using shorter
centrifugation times and analyzers with short analytical procedure times, and
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establishing auto-verification procedures for checking out-of-range results. Such
improvements have been shown to reduce the TAT.***

The clinical stage on the other hand has been studied less extensively. This may
be due to its multifactorial nature, depending on factors such as the time it takes the
ED staff to draw the blood and the logistics of the transport of the sample from the
ED to the laboratory, which are influenced by factors as having the tubes labeled with
barcodes at the point of care and installing pneumatic tube systems for transport of
patient samples.

The TTT is also a potential target for interventions, for instance by pre-ordering
laboratory tests and performing the venipuncture immediately after the patient
arrives in the emergency department. This is currently standard practice in our
hospital, which may be why the median TTT was only 7 minutes in this study.

This study has several limitations. Firstly, this is a single center study in an
academic hospital, with a different case mix from general hospitals. Still, this is
unlikely to affect the relationship between the TAT and the EDLOS. Secondly, asin all
observational studies, there is a risk of unmeasured confounding. For instance, there
was no detailed information on the patients’ acuity level, other than the Emergency
Severity Index level and the other rather crude proxies mentioned above.

A strength of this study is that it includes all patients coming to the ED who had
the aforementioned laboratory tests done. Focusing on this group reduces the risk
of confounding that would have been introduced by including all patients with any
laboratory testing done, as it is likely that more complicated patients both will have
had more laboratory testing done and will have had a longer EpLOS. The selected
panel of laboratory tests comprised 62% of all visits during which any laboratory
testing was ordered. Another strength is that we were able to divide the TAT in a
clinical and a laboratory stage, which can help to determine where potential targets

for improvement lie.

CoNCLUSION

In conclusion, longer time to testing and laboratory turnaround time are associated
with a longer emergency department length of stay. However, a causal effect is
difficult to determine in this observational setting. Interventions that improve
laboratory turnaround times may lead to shorter emergency department lengths of
stay, for instance through increased laboratory automation. Prospective studies are
needed to investigate whether such interventions affect the adverse patient outcomes
associated with ED crowding.
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CHAPTER 3

ABSTRACT

Background
Immune checkpoint inhibitors (1C1) show remarkable results in cancer treatment,
but at the cost of immune related adverse events (irAE). irAE can be difficult to
differentiate from infections or tumor progression, thereby challenging treatment,
especially in the emergency department (ED) where time and clinical information
are limited. As infections are traceable in blood, we were interested in the added
diagnostic value of routinely measured hematological blood cell characteristics in
addition to standard diagnostic practice in the ED to aid irAE assessment.

Methods
Hematological variables routinely measured with our hematological analyzer (Abbort
CELL DYN Sapphire) were retrieved from Utrecht Patient Oriented Database (UPOD)
for all patients treated with 1C1 who visited the ED between 2013 and 2020. To assess
the added diagnostic value, we developed and compared two models; a base logistic
regression model trained on the preliminary diagnosis at the ED, sex and gender, and
an extended model trained with lasso that also assessed the hematology variables.

Results
409 ED visits were used in this analysis. The extended model showed an improvement
in performance (area under the receiver operator characteristic curve) over the
base model, 0.79 (95% CI 0.75 — 0.84) and 0.67 (95% CI 0.60 — 0.73), respectively.
Two standard blood count variables (eosinophil granulocyte count and red blood
cell count) and two advanced variables (coefficient of variance of neutrophil
depolarization and red blood cell distribution width) were associated with iraE.

Conclusion
Hematological variables are a valuable and inexpensive aid for irAE diagnosis in the
ED. Further exploration of the predictive hematological variables could yield new
insights into the pathophysiology underlying irAE and in distinguishing irAE from
other inflammatory conditions.
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INTRODUCTION

Within the immunotherapeutic field of cancer treatment, multiple new and
promising treatment options have emerged over the past years.” Among these,
immune checkpoint inhibitors (1CI) are increasingly being used as an oncologic
treatment strategy for multiple types of cancer and have drastically improved the
survival of responding patients. For example, patients with advanced melanoma
treated with combined nivolumab and ipilimumab therapy have shown to result in
amedian overall survival of over 6o months,” whereas the median survival of patients
with metastatic melanoma used to be less than one year before the introduction of
checkpoint inhibitors.? The proportion of cancer patients benefitting from I1CI is
increasing rapidly, with now over 40% of cancer patients qualifying for ICI treatment.”
However, their use is associated with a wide variety of immune-related adverse events
(irAE), such as auto-immune colitis and pneumonitis.* Because of overlap in clinical
presentation, it can be difficult to differentiate these irAE from progressive disease
or other inflammatory conditions, such as infections. Especially in the emergency
department (ED) where time and resources are limited, this may lead to diagnostic
delay, inappropriate treatment and a considerable amount of (unnecessary) diagnostic
testing.”” Accurate and early diagnosis of patients presenting in the ED with irAE is
therefore key to start adequate treatment as soon as possible.*’

Currently, there are only a few biomarkers available that can aid in diagnosing
irAE.”” A solution to this problem might be found in routinely measured
hematological variables. Bacterial infection and viral infections are commonly
characterized by high neutrophil and lymphocyte counts respectively, whereas
auto-immune diseases and allergies typically show high eosinophil counts. Previous
research has found associations between irAE and increased counts of standard
hematology measurements (e.g. absolute lymphocyte count and eosinophil count).”
In addition, changes in B- and T-cell receptor repertoire show associations with irAE
onset and prognosis.” However, none of these biomarkers have been extensively
validated or are used in clinical practice. Most modern hematology analyzers not
only provide blood cell counts, but also measure morphologic characteristics, such
as cell size, intrinsic properties and cell viability that carry diagnostic and prognostic
value. This raises the question whether they may also be of use in the setting of
immunological toxicity.”*

To answer these types of questions, scrutinizing complex datasets with
conventional statistical methods, such as logistic regression, do not provide stable
estimates of the variable’s coefficients as models contain too many variables and a low
number of samples. New advanced statistical and machine learning (ML) methods
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are able to remove irrelevant variables thereby reducing the number of variables. In
addition, variables of high importance, also known as predictors, can be identified
by evaluating the trained coefficient of the trained model. This way, ML allows for
the possible identification of new biomarkers and exploration of new horizons in
research to aid irAE diagnosis.

The aim of this study was therefore to determine the added value of routinely
measured hematology characteristics, modelled through ML, as compared to the
standard diagnostic practice. This may aid in the diagnosis of irAE in the ED and
understanding of the pathophysiology.

METHODS
Stucly population

This retrospective observational study included all visits to the ED of the University
Medical Center Utrecht (UMc Utrecht) between 2013 and 2020 of patients who were
being treated with any type of ICI for any type of cancer, until three months after
cessation of treatment. Because irAE can occur even after cessation of treatment, we
chose to include ED visits up to three months after treatment with 11 ended.”” The
cut-off of three months was chosen after discussion between the authors. If patients
had more than one disease episode (defined as a consecutive period with infection-
like symptoms), all patient’s ED visits were included separately, whereas for patients
with multiple £D visits during one disease episode, only the first visit was included.
If patients visited the ED multiple times for the same condition (e.g. due to worsening
of symptoms), only the first visit was included.

Data collection
For all £D visits, demographic (age and sex), medication and hematology data were
extracted from the Utrecht Patient Orientated Database (UPoD). In brief, UPOD is
a relational database combining clinical characteristics, medication and laboratory
measurements of patients in the uMc Utrecht since 2004.% We used hematological
variables measured by the cELL-DYN Sapphire hematology analyzer (Abbort
diagnostics, Santa Clara, us4). The CELL-DYN Sapphire is a cell counter equipped
with a 488-nm blue diode laser and uses multiple techniques, such as electrical
impedance, spectrophotometry and laser light scattering, to measure morphological
characteristics of leukocytes (incl. s-part differential), red blood cells (RBCs), and
platelets for both classification and enumeration. Each time a component of a
complete blood cell count (CBC) is requested, all data generated by the hematology

44



IMMUNE CHECKPOINT INHIBITOR TOXICITY

analyzer are automatically stored in UPOD, including a substantial number of raw
and research-only values and background data on cell characteristics which are made
available for research purposes. Only visits with available Sapphire data within the
first four hours after ED presentation were included in this study to ensure we only
used data from patients with infection-like symptoms during the ED visit. UPOD data
acquisition and management is in accordance with current regulations concerning

privacy and ethics.

iraE label definition
A manual chart review was done for all ED visits within our study population by
two of the authors (TVtH and BV). Visits for evidently unrelated conditions were
excluded. We recorded both the preliminary and definite diagnosis. The preliminary
diagnosis was defined as the diagnosis made by the treating physician in the ED, and
was characterized as either suspected ir4E or other. The definitive diagnosis was defined
as the diagnosis made by the treating physician at discharge from the hospital or at
the end of treatment, and was characterized as 774 or other. Ambiguous cases were

resolved through consensus.

Model development

Two models were trained to evaluate the added diagnostic performance of the
hematology variables for iraAE diagnosis. The first model (base) assessed the
preliminary diagnosis, sex and age with logistic regression thereby imitating clinical
practice at the ED, whereas the second model (extended) also included the 77
additional hematology variables. A quality control protocol was performed to remove
variables with no additional predictive value during model development: hematology
variables with a Pearson correlation of > 0.80 or with low number of unique (n = s)
values were removed. The extended model was trained using lasso machine learning
that can automatically reduce the number of variables, thereby reducing the risk
of overfitting and aiding the interpretability of the model. Means and standard
deviations are shown for normally distributed variables whereas medians and inter-
quartile ranges (IQR) are shown for non-normally distributed variables.

Model performance was assessed using cross validation (cv). With cv, the data
is split in x number of partitions (folds), of which x - 1 folds are used for training
and 1 for testing. This exercise is .repeated x times resulting in x models with x
performance estimates. Contrary to the conventional train-and-test split, multiple
models are trained on multiple data splits, thereby using all data to assess the
model’s performance. The lasso algorithm performs shrinkage of coefficients that
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can get as small as o, thereby removing variables. The lambda hyper-parameter of
lasso determines the degree of shrinkage and was optimized in a double loop cross
validation (DLCV) scheme, also known as nested cross validation (Supplementary
Figure 1)”°. A x of 10 was used for both the cv and DLCV schemes.

Model evaluation

The discrimination of models was assessed by plotting receiver operator characteristic
(roC) curves. The area under the ROC (AUROC) is a measure of discrimination, an
AUROC of 1 indicates a perfect model, whereas an AUROC of 0.5 indicates a random
model. The 95% confidence interval (CI) of the AUROC was computed with the R
cvAUC package by evaluating the test performances of the two model configurations
trained in both cv schemes.” Variable coefficients of the ten models trained in the
DLCV were evaluated as variable importance (predictors).

The clinical application and value of the trained models were evaluated with both
calibration plots and net benefit curves. Calibration plots portray the agreement
between predicted probabilities and the observed frequency of irAE. A calibration
with an intercept o and slope of 1 shows perfect calibration, whereas a slope of > 1
shows a model that overestimates outcome and a slope of < 1 underestimates diagnosis.
80% and 95% CI intervals of the calibration plots were generated with the R givitR
package.” Net benefit is a measure to evaluate the clinical benefit of a prediction
model by comparing the benefit (treating diseased, true positives (TP)) and cost
(treating non-diseased, false positive (Fp)).” Net benefit is assessed by subtracting
the cost from the benefit for the complete range of predictions values (p;). Formula
1 shows that the net benefit increases by the number of TP and is penalized by the
number of non-diseased (Fp), especially when the prediction threshold value increases
(%). Besides the net benefit, the number needed to treat (NNT) is shown as a
comparison to how health care professionals consider whether the patient has a
specific illness or that treatment is required. All analyses were performed in R version

4.1.2.%°

Formula : net benefit (p,) = ——— =
—Ft

TP FP( D )
n n
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Post-hoc subgroup analysis

To assess the independence of the identified biomarkers we adjusted for the baseline
clinical variables. We performed a multivariate analysis including the identified
biomarkers, age, sex, cancer type, and 11 medication. To reduce the number of
coefficients and to remove groups with low prevalence, various cancer types and 1C1
medications were grouped.

A second post-hoc analysis was performed to check whether the identified
biomarkers were associated with disease severity as measured by CTCAE grade.

REsuLTS
Patient characteristics
Between 2013 and 2020, 409 ED visits of 257 patients who were treated with 1C1 and
had available blood counts were included in this study (mean ED visits per patient
1.6). The irAE diagnosis of o1 visits were inconclusive from the medical records, of
which the diagnosis was later adjusted in 24 cases. In both the ozber (n = 268) and
irAE (n = 141) sub-groups there were more males, 63.1% and 64.5%, respectively (Table
1). Mean age did not differ between the other (62.2) and irAE group (61.7). The use of
both ipilimumab and nivolumab was significantly higher in the irAE group (p < .o1),
whereas the use of nivolumab and pembrolizumab was significantly lower in the irAE
group (p < .o1). An overview of the irAE diagnoses is shown in Supplementary Table 1.

Model performance

After removing variables that did not meet our quality control criteria, 3 of the
77 Sapphire variables were used in the extended model (Supplementary Table 2,
Supplementary Figure 2). The base model had an AUROC of 0.67 (95% CI 0.60 — 0:79)
and the extended model had an AUROC of 0.79 (95% CI 0.75 — 0.84), a difference of
o.13. The training performance was marginally higher for both the base and extended
model as compared to the test performance, 0.74 (95% CI 0.72 — 0.76) and 0.86 (95%
CI 0.84 — 0.87), respectively, providing evidence there was no overfitting. In line with
the AUROC metrics, the extended model trained on all data showed the best ROC and
PRC curves (Figure 1).
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TABLE I: BASELINE CHARACTERISTICS OF ED VISITS TREATED WITH ICI

Other (n =268) irAE (n = 141) p-value
Age (sp) 62.2 (11.9) 617 (12.8) .680
Sex, male count (%) 169 (63.1%) 91 (64.5%) 851
Cancer diagnosis
- Central nervous system 4 (1.5%) 3 (2.1%)
- Gynaecological 6 (2.2%) 2 (1.4%)
- Head and neck 3 (1.1%) 2 (1.4%)
- Hematological 7 (2.6%) 4 (2.8%)
- Hepato-pancreato-biliary 2 (0.7%) 1(0.7%)
- Intestinal 14 (5.2%) 0 (0.0%)
- Lung 88 (32.8%) 23 (16.3%)
- Skin 119 (44-4%) 94 (66.7%)
- Urological 25(9.3%) 12 (8.5%)
Preliminary diagnosis, count
- other 261 75 <.oor
- irAE 7 66
CTCAE grade:
-1 13 (9.2%)
-2 48 (34.0%)
-3 69 (48.9%)
-4 10 (7.1%)
- 1(0.7%)
1CI medication®, count (%)
- atezolizumab 16 (6.0%) 2 (1.4%) .060
- durvalumab 4 (1.5%) 5 (3.5%) 322
- ipilimumab 25 (9.3%) 26 (18.4%) .013
- nivolumab 89 (33.2%) 24 (17.0%) .00I1
- pembrolizumab 86 (32.1%) 26 (18.4%) .005
- tremelimumab 5 (1.9%) 4 (2.8%) 778
- ipilimumab and nivolumab 43 (16.0%) 54 (38.3%) <.oo1

* not mutually exclusive
CTCAE: common terminology criteria adverse events; ED: emergency department; ICI: immune
checkpoint inhibitor; irAE: immune-related adverse events
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FIGURE 1: ROC OF THE BASE (RED LINE) AND EXTENDED (BLUE LINE) MODELS
TEST PREDICTIONS

1.00 4

0.75 1

0.50

True positive rate

0.25

0.00 0.25 0.50 0.75 1.00
False positive rate (1-specificity)

Predictions on the test folds of the double loop cross validation scheme were concatenated to draw
the ROC curves. The black dot denotes the discriminative metrics of the preliminary diagnosis. The
diagonal line shows the performance of a random model.

ROC: receiver operating characteristic

Discriminative metrics

To assess the potential value in clinical practice of the extended model, predictions of
the base and extended models were evaluated with both calibration and net benefit
plots. The extended model showed better calibration than the base model (Figure 2).
The 95% c1 of the base model are very wide compared to the extended model and the
predictions of the extended model are more equally distributed. In addition, decision
curve analysis showed improved net benefit of the extended model as compared to
the base model over the complete threshold probability range (Figure 3).
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Variable importance

Variables’ coefficients, as well as the number of times a variable was selected by the
extended model, were documented during training and are shown in Figure 4 and
Table 2. The preliminary diagnosis was highly predictive for irAE diagnosis in both the
base and extended model with a coefficient of 3.53 £ 0.14 and 2.88 £ 0.18, respectively.
The extended model also identified the following Sapphire variables as predictors
for iraE diagnosis: number of eosinophils (E0s), red blood cell count measured with
impedance (RBCI), coefficient of variance neutrophil depolarization (NDCV) and red
blood cell distribution width (RDW), of which the latter was negatively associated
with irAE. EOS was highly correlated with percentage of eosinophils (PEOS) and
RBCI with other red blood cell measurements variables (RBCO, HGB and HCT)
(Supplementary Figure 2). The sex and age variables were not selected by lasso in any
of the ten iterations in the DLCV scheme.

FIGURE 2: CALIBRATION PLOTS OF BOTH THE BASE AND EXTENDED MODELS

Base Extended
1.00 - 1.00
0.754 0.754
80% Cl
E 'g 95% ClI
5 0501 5 050
172 [%2]
e} o)
o o
0.251 0.25 - —— No irAE prediction
irAE prediction
00047 - . 0.00+ “feu ST R
0.00 0.25 0.50 0.75 1.0C 0.00 0.25 0.50 0.75 1.00
Predicted Predicted

Both calibration curves computed with the number of expected (model predictions) and observed
irAE are shown, as well as the 80% and 90% confidence intervals (CI). The segments on the lower part
of both plots indicate the computed predictions for each model.

irAE: immune-related adverse event
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TABLE 2: VARIABLE IMPORTANCE FOR BOTH THE BASE AND EXTENDED
MODELS ESTIMATED IN THE CV SCHEMES.

Definition Estimated coefficient

Base Extended
Preliminary diagnosis 3.52 (£ 0.14) 2.89 (£ 0.19)
Eosinophil granulocyte absolute count 0.57 (£ 0.13)
Red blood cell count by impedance 0.18 (£ 0.10)
Coefficient of variance of neutrophil side scattering o.11 (+ 0.04)
Red blood cell distribution width -0.12 (£ 0.02)

Top s selected variables based on absolute coefficient mean (+ sp) for both models.
cV: cross validation; sD: standard deviation

FIGURE 4: VARIABLE IMPORTANCE OF BOTH THE BASE AND EXTENDED
MODEL

-

Preliminary diagnosis E
Eosinophil granulocyte absolute count 4

Red blood cell count by impedance

=2
El 5] =] 2]

CV of neutrophil depolarization 4
Sex

CV% of FL1 signal 4
Model

@ Base
E Extended

Platelet complexity of intracellular structure 4

Variable

Mean lymphocyte size 4

()

Age

Percent of red blood cells with HGB concentration less than 28 g/dL 4

Mean corpuscular volume of reticulocytes 4

Segmented granulocyte absolute count 4

)

Bl 3] [3] (=

Red blood cell distribution width 4 1

Variable importance of both the base and extended model. Only variables selected more than s times by
lasso in the DLCV are shown. The number positioned on right shows the number of times a variable
was selected by the extended model in the 10-fold DLCV scheme.

CV: coefficient of variance; DLCV: double loop cross validation; HGB: hemoglobin
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Post-hoc subgroup analysis
After adjusting for age, sex, cancer type (grouped as skin, lung, urological or other)
and 11 medication (grouped as ipilimumab, nivolumab, pembrolizumab, ipilimumab
and nivolumab, or other) we found that three of the four identified variables were still
significantly associated with irAE, namely: EOS (p = .0144), RBCI (p = .0035), and RDW
(p = .0003). In this model we did not find a significant association for NDCV (p = .0781).
Furthermore, we did not find an association between the values of the identified
variables and the irAE severity as measured by CTCAE grade (Supplementary Figure 3).

DiscussioN

Accurate identification of irAE in patients using ICI in the ED is of vital importance
to guide treatment decisions. With new statistical methods and ML, we explored the
possible added diagnostic value of 77 hematological variables measured by the c£rz-
DYN Sapphire in diagnosing irAE in patients using ICI as compared to standard clinical
practice. The extended model showed improvement in discrimination, calibration and
net benefit as compared to the base model, indicating that the hematological variables
indeed have added value in the diagnostic process of identifying irAE in patients using
ICI in the emergency department setting.

Our extended model showed better performance as well as calibration over the base
model. However, due to the low number of values of the base model and the good
predictive performance of the preliminary diagnosis, the predictions of the base model
were not equally distributed. The net benefit of the extended model was better than
the base model, especially in the therapeutic range around 25%. The exact threshold for
the number needed to treat will vary depending on the characteristics of the individual
patient and the severity of the symptoms. A false-positive diagnosis of irAE will lead
to cessation of the checkpoint inhibitor, which would possibly withhold a life-saving
therapy from the patient. On the other hand, a false-negative diagnosis will lead to a
delayed treatment for irAE, which is potentially fatal.”

Of all variables, the preliminary diagnosis was deemed highly important by both
the base and extended models indicating that the first diagnosis of the physician is
a very good proxy for irAE diagnosis. Both age and sex showed low importance in
the base model and were not selected by the lasso algorithm in any of the 10 DLCV
iterations, which is in line with existing evidence.” Interestingly, only a few of the 77
hematological variables were selected by the lasso algorithm in each iteration. This
diagnostic study cannot not determine causality. However, a causal relationship can
be postulated based on the literature.
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Eosinophiles are thought to play a pathogenic role in auto-immune disorders
and are known to be associated with iraE.” Neutrophil depolarization is a feature
of neutrophil activation, which has also been associated with auto-immunity, but
this has not been studied extensively.? We found the red blood cell distribution
width (RDW) to be negatively associated with iraAE. Increased RDW is known to be
associated with infections, which are arguably the most likely alternative diagnosis
when considering irAE.*#

Our study has some limitations. The population is highly heterogeneous, with
multiple types of tumors and treatments. This may have hampered the identification
of a specific predictor for a particular subset of patients. Unfortunately, we did not
have enough data to stratify patients based on either cancer type or medication. Even
though the post-hoc group analysis showed significant results for 3 of the 4 identified
variables after adjusting for the baseline characteristics, future research is needed
to validate these results. Moreover, the diagnoses were retrospectively defined or
changed as our data was collected on routine basis.

To our knowledge, this study is one of the first of its kind in exploring the
diagnostic potential of these raw and research-only hematological variables using ML
in the emergency department setting. Since the raw data from this type of hematology
analyzer are not ubiquitously available, we were not able to externally validate our
results. As a result, this study has to be viewed as exploratory and more research is
required before these hematological variables, either individually or in a model, can
be used in clinical practice. The diagnostic performance of such a model might be
improved by combining hematological variables with other new sets of biomarkers,
as well as the preliminary diagnosis.

This study raises the question if the hematological variables might also have
diagnostic value in the setting of other diseases and treatments.”” As they are
inexpensive and relatively easily and rapidly obtained in general blood counts,
they could be an interesting new tool in future diagnostic research. As shown
here, a clinical diagnostic model may aid the clinical decision-making process of a
physician by providing a continuous prediction score that can be combined with the
professional interpretation by a clinical chemist to accommodate integral diagnostics
of a patient’s clinical state.” Instead of looking at differences between patients using
cross-sectional data, within-patient differences may be a better approximation of a
patient’s health trajectory potentially allowing for predicting the incidence of irAE
at the start of ICI treatment.

Opverall, we show that hematological variables show diagnostic performance in
the identification of irAE in patients using ICI at the ED and that they have added

54



IMMUNE CHECKPOINT INHIBITOR TOXICITY

value compared to standard diagnostic practice. Our results suggest new directions
for further research using (advanced) hematological variables for iraAE diagnosis in
the emergency setting.
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SUPPLEMENTARY MATERIAL
Supplementary Figure 1: scheme of the double loop cross validation (DLcCV)
Supplementary Figure 2: dendrogram of all 77 hematological variables (CELL-DYN
Sapphire) computed with Euclidean distance
Supplementary Figure 3: distributions of the four identified variables
Supplementary Table 1: total number of diagnoses of immune related adverse events
Supplementary Table z: description of all 77 CELL-DYN Sapphire variables
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SUPPLEMENTARY FIGURE 2: DENDROGRAM OF ALL 77 HEMATOLOGICAL
VARIABLES (CELL-DYN SAPPHIRE) COMPUTED WITH EUCLIDEAN DISTANCE
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SUPPLEMENTARY FIGURE 3: DISTRIBUTIONS OF THE FOUR IDENTIFIED

VARIABLES
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Visits with irAE were graded between 1 — s, visits without irAE were assigned with a CTCAE grade of o.
CTCAE: common terminology criteria adverse events; irAE: immune-related adverse events
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SUPPLEMENTARY TABLE I: TOTAL NUMBER OF DIAGNOSES OF IMMUNE
RELATED ADVERSE EVENTS

Medical diagnosis Count (%)
arthritis 2 (0.9%)
cholangitis 2 (0.9%)
colitis 61 (27.2%)
dermatitis 15 (6.7%)
diabetes 4 (1.8%)
duodenitis 2 (0.9%)
encephalitis 5 (2.2%)
fever (unspecified) 1(0.4%)
gastritis 4 (1.8%)
hepatitis 29 (12.9%)
hypophysitis 2.4 (10.7%)
immune thrombocytopenia (1TP) 1(0.4%)
meningitis 7 (3.1%)
myocarditis 1(0.4%)
myositis 2 (0.9%)
nephritis 4 (1.8%)
pancreatitis 2 (0.9%)
pericarditis 1(0.4%)
pleuritis 1(0.4%)
plexopathy 1(0.4%)
polymyalgia rheumatica 2.(0.9%)
pneumonitis 40 (17.9%)
radiculitis 1(0.4%)
sarcoid like reaction 3 (1.3%)
thyroiditis 9 (4.0%)

(n = 224), not mutually exclusive.
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SUPPLEMENTARY TABLE 2: DESCRIPTION OF ALL 77 CELL-DYN
SAPPHIRE VARIABLES

Variable  Description

BAS Basophilic granulocyte absolute count
BLST Blast absolute count

BND Banded granulocyte absolute count
CHCR Mean corpuscular HGB concentration per reticulocyte
EOS Eosinophil granulocyte absolute count
HCT Hematocrit

HDW Hemoglobin distribution width

HGB Hemoglobin USA units

1G Immature granulocyte absolute count
IRF Immature reticulocyte fraction

LACV cv of axial light loss

LAMN Mean lymphocyte size

LICV cv of intermediate angle scattering
LIMN Intermediate angle scattering

LYM Lymphocyte absolute count

LYME Lymphocyte (excluding atypical lymphocytes)

MCH Mean corpuscular hemoglobin (USA units)

MCHC Mean corpuscular hemoglobin concentration (USA units)

MCHR Mean corpuscular HGB per reticulocyte

MCV Mean corpuscular volume

MCVR Mean corpuscular volume of reticulocytes

MON Monocyte absolute count

MONE Monocytes (excluding blasts) absolute count

MPV Mean platelet volume

NACV Coefficient of variance of neutrophil size

NAMN Mean neutrophil size

NDCV cv of depolarized side scattering

NDMN Neutrophil lobularity / granularity and nuclear lobularity

NEU Neutrophilic granulocyte (segments, banded and immature granulocytes) absolute
count

NFCV cV of fluorecent channel 3

NFMN Fluorecent channel 3

NICV cv of intermediate angle scattering

NIMN Intermediate angle scattering

63



CHAPTER 3

SUPPLEMENTARY TABLE 2: CONTINUED.

Variable  Description

NPCV CV of polarized side scattering

NPMN Polarized side scattering

NRBC* Noucleated red blood cells absolute count

PBAS Percentage of basophilic granulocytes

PBLST Percentage of blasts

PBND Percentage of banded granulocytes

PCT Plateletcrit

PDW Platelet distribution width

PEOS Percentage of eosinophilic granulocytes

PHPO Percent of red blood cells with HGB concentration less than 28 g/dL
PHPR percent of red blood cells with HGB concentration more than 41 g/dL
PICV cv of intermediate angle scattering

PIG Percentage of immature granulocytes

PIMN Platelet complexity of intracellular structure

PLT Platelet count

PLTI Platelet count by impedance

PLTO Platelet count by optics

PLYM Percentage of lymphocytes

PLYME Percentage of lymphocytes (excluding atypical lymphocytes)
PMAC Percent of red blood cells with volume greater than 120 fL
PMIC Percent of red blood cells with volume less than 6o fL

PMON Percentage of monocytes

PMONE  DPercentage of monocytes (excluding blasts)

PNEU Percentage neutrophilic granulocytes

PNRBC*  NRBC percentage count per 100 WBC

PPCV cV of polarized side scattering

PPMN Polarized side scattering

PRETC Percentage of reticulocytes

PRP Percentage of reticulated platelets / enumeration of reticulated platelets
PSEG Segmented granulocyte percentage count

pviLym*  Percentage of atypical lymphocyte

RBCFCV  CV% of FL1 signal

RBCFMN  Mean of FL1 signal

RBCI Red blood cell count by impedance
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SUPPLEMENTARY TABLE 2: CONTINUED.

Variable  Description

RBCICV  CV of intermediate angle scattering

RBCIMN Intermediate angle scattering

RBCO Red blood cell count by optics

RDW Red blood cell distribution width

RETC Reticulocyte absolute count

RTCFCV  CV% of Reticulocyte population during reticulocyte measurement on FL1 signal
RTCFMN  DPosition of Reticulocyte population during reticulocyte measurement on FL1 signal
SEG Segmented granulocyte absolute count

VLYM* Atypical (variant) lymphocyte absolute count

WBC White blood cell count

WVF White blood cell viability fraction

* discarded variables with less than five unique values.

CV: coefficient of variance
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ABSTRACT

Background
In several settings, a shorter time to diagnosis has been shown to lead to improved
clinical outcomes. The implementation of rapid laboratory testing allows for pre-visit
testing in the outpatient clinic, meaning that test results are available during the first
outpatient visit.

Objective
To determine whether pre-visit laboratory testing leads to a shorter time to diagnosis
in the general internal medicine outpatient clinic.

Design
An “on-oft” trial, allocating subjects to one of two treatment arms in consecutive
alternating blocks.

Participants
All new referrals to the internal medicine outpatient clinic of a university hospital
were included, excluding second opinions. s9s patients were eligible; one person

declined to participate, leaving data from 594 patients for analysis.

Intervention
In the intervention group, patients had standardized pre-visit laboratory testing
before the first visit.

Main measures
The primary outcome was the time to diagnosis. Secondary outcomes were the
correctness of the preliminary diagnosis on the first day, health care utilization and
patient and physician satisfaction.

Key results

There was no difference in time to diagnosis between the two groups (median 35
days vs 35 days; hazard ratio 1.03 [0.87 — 1.22]; p = .71). The pre-visit testing group
had higher proportions of both correct preliminary diagnoses on day 1 (24% vs 14%;
p = .003) and diagnostic workups being completed on day 1 (10% vs 3%; p < .oo1). The
intervention group had more laboratory tests done (0.0 [interquartile range (IQR)
39.0 — 69.0] Vs 43.0 [IQR 31.0 — 68.5]; p < .001). Otherwise there were no differences
between the groups.
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Conclusions
Pre-visit testing did not lead to a shorter overall time to diagnosis. However, a greater
proportion of patients had a correct diagnosis on the first day. Further studies should

focus on customizing pre-visit laboratory panels, to improve their efficacy.
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INTRODUCTION
A shorter time to diagnosis has been shown to lead to improved clinical outcomes in
some, but not all health care settings.”* Given that the majority of medical decisions
rely on laboratory testing,’ speeding up access to laboratory results may lead to earlier
diagnoses. For instance, faster turnaround times of microbiology tests have been
shown to lead to faster initiation of adequate antibiotic therapy and shorter inpatient
length of stay.””

One way to speed up the diagnostic process is through pre-visit laboratory
testing, in which patients have laboratory testing done directly prior to their
doctor’s appointment, and the tests are performed with a short turn-around time at
aroutine clinical laboratory. By necessity, pre-visit testing makes use of standardized
laboratory test panels, as the patient has not been examined yet so the information
from the history and physical examination is not yet available to guide the selection
of laboratory tests. Standardized laboratory panels invariably include unnecessary
tests, which potentially lead to downstream overutilization.?

In the Netherlands, pre-visit testing is not currently standard practice in the
outpatient clinic, due to the often long turnaround times in the laboratory.

In 2014, the Central Diagnostic Laboratory of the University Medical Center
Utrecht (UMc Utrecht) introduced rapid testing for a broad panel of routine laboratory
tests for clinical chemistry, hematology, coagulation and endocrinology. This service
guarantees that the results of these tests are available within 60 minutes after the
sample arrives at the laboratory. This rapid testing enables the implementation of pre-
visit testing in the outpatient clinic, making the test results available to the treating
physician at the time of the visit, as opposed to usual care, in which the treating
physician orders laboratory tests during the visit and the test results are only available
afterwards, so the patient has to return for another visit.

Consequently, this “on-oft” trial was set up to evaluate whether pre-visit laboratory
testing benefits the patient and physician alike, shortening the time to diagnosis in
newly referred outpatients, and to evaluate the downstream consequences of potential
overutilization.

METHODS

Trial design
This is a single-center controlled “on-off™ trial, in which patients were alternately
allocated to the intervention group or the usual care group in three-months blocks.”
Subjects were not randomized individually, because it was not feasible to incorporate
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the two different testing strategies in the laboratory order management system
simultaneously.

In the intervention group, patients had laboratory tests performed directly prior
to their first visit to the outpatient clinic, and in the usual care group laboratory tests
were done afterwards.

Patient selection
All adult patients newly referred to the general internal medicine outpatient clinic of
the University Medical Center Utrecht (UMc Utrecht), a large university hospital in
Utrecht, the Netherlands, were eligible for inclusion. Referrals for second opinions
were excluded because these patients often already have a diagnosis.

In the Netherlands, patients require a referral from their primary care physician
before they visit an outpatient clinic. This referral consists of a letter with the reason
of referral, sometimes accompanied by laboratory results, but not with the entire
patient record due to privacy regulations. The general internal medicine outpatient
clinic of the umc Utrecht receives the primary care physicians’ referrals electronically
(and by regular mail). New referrals are triaged by an attending physician and are then
randomly assigned to either a resident or an attending physician for an outpatient
consultation. The residents are required to confer all consultations with their
supervising attendings.

Based on an estimated sample size of 460 participants, four three-months blocks
were initially planned from April 2015 to April 2017. However, because inclusion went
slower than previously anticipated the inclusion period was extended to August 2017
by adding two two-months blocks.

Intervention

In the intervention group, patients were asked to have their blood drawn one hour
before their scheduled appointment for their first visit, so that the treating physician
had access to the test results during the visit. All patients in the intervention group
received the same standard laboratory panel, regardless of the referral reason. This
panel had been established before start of the trial by a panel of experienced internists
and clinical chemists and comprised the following tests: hemoglobin, cell counts/
differential, sodium, potassium, calcium, urea, creatinine, alkaline phosphatase,
gamma-glutamyltransferase (GGT), glucose, aspartate transaminase (AST), alanine
transaminase (ALT), lactate dehydrogenase (LDH), albumin, C-reactive protein (CRP),
thyroid stimulating hormone (TSH), erythrocyte sedimentation rate (ESR), and a urine
strip screening.
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In the usual care group, laboratory tests were ordered at the discretion of the
treating physician during the first visit and test results were only available afterwards.

In both groups all other aspects of medical care, such as imaging tests and the
planning of follow-up visits, were at the discretion of the treating physician.

O%tcomej ﬂ}’ld measures
BASELINE CHARACTERISTICS
For all patients, age at referral and gender were retrieved from the Utrecht Patient
Oriented Database (UPOD), an infrastructure of relational databases comprising
data on patient characteristics, hospital discharge diagnoses, medical procedures,
medication orders and laboratory tests for all patients treated at umc Utrecht.
UPOD data acquisition and management is in accordance with current regulations
concerning privacy and ethics. The structure and content of UPOD have been
described in more detail elsewhere.” Furthermore, whether the physician performing
the first consultation was a resident or an attending was obtained from the patient
charts. Referral reasons and, if available, the results of laboratory testing performed
by the referring physician were taken from the referral letter. Referral reasons were
grouped into the following categories: anemia, fatigue, weight loss, gastro-intestinal
complaints, abnormal laboratory test result(s) (other than anemia), lymphadenopathy/
suspected malignancy, and other. These categories were non-exclusive as some patients

had more than one referral reason.

PRIMARY OUTCOME
The primary outcome was the time to diagnosis, defined as the number of days
between the first visit to the outpatient clinic and the final diagnosis being made.
The date of final diagnosis was defined as the date the patient was informed of
the diagnosis and after which no further tests or examinations were performed to
confirm or refute this diagnosis. If a patient had more than one diagnosis, the date
of the last diagnosis was used.

An expert panel of internal medicine physicians assessed the date of the final
diagnosis. Assessment was planned two years after the patient’s initial visit. Each case
was individually assessed by two panelists and a third panelist was consulted when
there was a disagreement. If two out of three panelists agreed on a date, this date was
chosen. Cases where none of the panelists agreed on a date were resolved by consensus
through discussion between the panelists. Inter-rater agreement was evaluated using
the one-way random effects intra-class coefficient.”
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SECONDARY OUTCOMES
Secondary outcomes were the correctness of the preliminary diagnosis at the first
visit to the outpatient clinic, utilization of health care resources during the diagnostic
process, and patient and physician satisfaction.

Correctness of the preliminary diagnosis
The correctness of the preliminary diagnosis on the first day was assessed using
two parameters: firstly, the proportion of patients in whom the treating physician’s
preliminary diagnosis at the first visit agreed with the final diagnosis, and secondly,
the proportion of patients in whom the diagnostic process was completed on the

first day.

Utilization of health care resources
Health care utilization was measured by the number of medical procedures during the
diagnostic process, including the pre-visit laboratory tests. Specifically, the number of
outpatient clinic visits, clinical admissions, laboratory tests, venipunctures, imaging,
and endoscopies were collected from the UPOD database. Furthermore, the physicians
were asked to report the duration of the first consultation at the outpatient clinic,

in minutes.

Patient and physician satisfaction

Patient satisfaction was assessed through a questionnaire, which was handed out
to patients at their first visit to the outpatient clinic. Patients were asked about
their preferences regarding laboratory testing strategies, as well as their satisfaction
with their first visit to the outpatient clinic by an overall grade (1-10) and by using
a modified Patient Satisfaction Questionnaire Short-Form (PsQ-18)” that excluded
questions on financial consequences and accessibility of health care, as these items
were not thought to be relevant in this setting,

Physicians were asked three yes-or-no questions regarding satisfaction with testing
strategies after the first visit: whether they had a good overview of the patient’s
problem, whether they were able to help the patient efficiently, and whether the
diagnosis was already in sight.

Statistical analyses
A sample of 200 patients per treatment arm was required to detect a seven day
difference in the mean time to final diagnosis with a power of 80% and an alpha of
.05, assuming a standard deviation of 25 days. To compensate for the non-normality
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of the data, the required sample size was increased by 15%, yielding a required total
sample size of 230 patients in each group.” All analyses were done according to the
intention-to-treat principle.

Survival analysis was used to evaluate the primary outcome (time to diagnosis)
to account for censoring due to loss to follow-up. A hazard ratio was calculated
using Cox proportional hazards analysis. A Kaplan-Meier plot as well as medians
and interquartile ranges for the time to diagnosis were also reported to aid with
interpretation of the data.

Subgroup analyses of the primary outcome were performed on gender, referral
reason, whether the referral letter contained the results of laboratory testing by the
referring physician, and on whether the physician who treated the patient at the first
visit to the outpatient clinic was a resident or attending physician.

The rates of correct preliminary diagnoses on the first day and diagnostic processes
being completed on the first day were tested with Pearson’s %> test. The number
of medical procedures in the diagnostic process was tested using negative binomial
regression. Patient preferences were tested using the Wilcoxon-Mann-Whitney test
and patient satisfaction was tested using the Student’s t-test. Physician preferences
were tested using Pearson’s %* test. The duration of the first visit was tested using the
Student’s t-test.

All statistical analyses were performed in R version 3.5.1.”

Ethical considerations
Because both laboratory testing strategies we investigated were already used in clinical
practice, and no other burden was imposed on patients other than the questionnaire,
the institutional review board waived the requirement for informed consent.
Patients had the opportunity to opt out of the study. The study was registered in the
Netherlands Trial Register, number NLso09.

REsuLTS
Baseline characteristics
In total, 595 patients were eligible for inclusion. One patient in the usual care group
declined to participate, which left 594 patients for inclusion: 256 in the intervention
group and 338 in the usual care group. 34 patients (13%) in the intervention group
erroneously did not have pre-visit laboratory testing done. All 594 patients were
included in the analyses. A flowchart of the inclusions is provided in Figure 1.
Baseline characteristics are presented in Table 1. The mean time between the initial
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visit and the expert panel’s assessment was 713 days (95% confidence interval [C1]
701 — 726 days). Loss to follow-up was 6% after a median follow-up time of 138 days
(interquartile range [IQR] 43 — 270).

FIGURE 1: INCLUSIONS FLOWCHART

595 newly referred patients

256 in intervention group 339 in usual care group

o declined to participate 1 declined o participate

222 had pre-visit lab tests
34 did not have pre-visit lab tests done

256 included in analysis 338 included in analysis
240 had final diagnosis 319 had final diagnosis
16 lost to follow-up 19 lost to follow-up
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TABLE I: BASELINE CHARACTERISTICS

Pre-visit testing Usual care
(n =250) (n =338)
Female gender 145 (57%) 207 (62%)
Age 539 (51.7 = 56.1) 517 (49.8 = 53.7)
Referral reason (grouped)*
- abnormal lab test 55 (21%) 45 (13%)
- anemia 28 (11%) 43 (13%)
- fatigue 64 (25%) 83 (25%)
- gastro-intestinal complaints 24 (9%) 41 (12%)
- lymphadenopathy / suspected malignancy 15 (6%) 17 (5%)
- weight loss 26 (10%) 42 (12%)
- other 65 (25%) 88 (26%)
Availability of pre-referral laboratory test results 121 (47%) 174 (51%)
Seen by attending physician 27 (11%) 50 (15%)

* categories are non-exclusive

Time to diagnosis
There was no difference in time to diagnosis (in days) between the two groups (Figure
2; hazard ratio 1.03 [0.87 — 1.22]; p = .71). A definitive diagnosis was made in 94% of
patients. For these patients, median time to diagnosis was 35.0 days (IQR 14.0 — 77.3)
in the intervention group and 35.0 days (IQR 14.0 — 83.0) in the control group. A list
of the final diagnoses is provided in Supplementary Table 1.

When establishing the time to diagnosis, the two experts agreed in 408 cases (69%).
When a third reviewer was necessary to resolve discrepancies, there was agreement
between two of the three experts in ss1 cases (77%); the remaining 43 cases (23%) were
resolved through discussion. The one-way random effects intra-class coefficient was
0.63, indicating moderate inter-rater agreement.

There were no differences in time to diagnosis between the intervention and
control groups for subgroups based on gender, referral reason, the availability of the
results of pre-referral laboratory testing by the referring physician, or whether the
initial consultation was done by a resident or an attending (Supplementary Table 2).

Diagnosis after first visit
The rate of agreement between the treating physician’s preliminary diagnosis on the
first day and the definitive diagnosis at the end of the diagnostic process was 24% in
the intervention group versus 14% in the control group (p = .003). The proportion
of patients in whom the diagnostic process was completed on the first day was also
significantly higher in the intervention group (10% vs 3%; p < .oo1).
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Healthcare utilization

Patients in the intervention group had more laboratory tests done, both on the day
of the first visit (median 22.0 [IQR 21.0 — 26.0] versus 20.0 [IQR 10.0 — 26.0]; p < .001)
as during the entire diagnostic process (median 50.0 [IQR 39.0 — 69.0] versus 43.0
[IQR 31.0 — 685]; p = .001). There were no other differences in the number of medical
procedures during the time to diagnosis. Notably, the total number of visits to the
outpatient clinic was similar in both groups (2.0 [IQR 1.8 — 4.0] vs 2.0 [IQR 2.0 — 4.0];
p = .63). The first visit did last slightly longer in the intervention group (48.3 [95% C1
46.6 — 49.9] Vs 45.0 [95% CI 43.3 — 46.7] minutes; p = .006). All data on health care
utilization are presented in Table 2.

TABLE 2: HEALTH CARE UTILIZATION DURING THE DIAGNOSTIC PROCESS

Pre-visit testing Usual care p-values

(n =256) (n=338)

medians (IQR) medians (IQR)
Visits to outpatient clinic
- any 2.0 (1.8 - 4.0) 2.0 (2.0 — 4.0) .63
- internal medicine 2.0 (1.0 — 3.0) 2.0 (1.0 — 3.0) 96*
Teleconsultations 1.0 (0.0 - 3.0) 1.0 (0.0 —2.0) 70
Number of clinical admissions 0.0 (0.0 - 1.0) 0.0 (0.0 - 1.0) 37"
Clinical admission days 0.0 (0.0 —1.0) 0.0 (0.0 - 1.0) 42*
Laboratory tests (total) 50.0 (39.0 — 69.0) 43.0 (31.0 — 68.5) .oor*
Laboratory tests (first day) 22.0 (21.0 - 26.0) 20.0 (10.0 — 26.0) <.oor*
Laboratory test orders 3.5 (2.0 - 5.3) 3.0(2.0 -5.0) *
Imaging tests 1.0 (0.0 - 3.0) 1.0 (0.0 - 2.0) .46*
Number of patients with imaging tests n (%) n (%)
- any imaging 180 (70%) 222 (66%) 27t
- MRI 20 (8%) 21 (6%) ssT
- CcT 62 (24%) 68 (20%) 271
- ultrasound 84 (33%) 108 (33%) 8971
- nuclear 10 (7%) 18 (5%) 38t
- Xeray 111 (43%) 144 (43%) 92F
- endoscopy 34 (13%) 57 (17%) 287

* negative binomial regression
T Pearson’s ¥* test

CT: computed tomography; IQR: interquartile range; MRI: magnetic resonance imaging
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Additionally, a post-hoc analysis to assess the adequacy of the standard laboratory
panel showed that in 66% of subjects in the intervention group additional laboratory
tests were ordered on the first day (Supplementary Table 3).

Satisfaction

There was no difference in physician and patient satisfaction between the two groups
(Tables 3 and 4). However, there were some differences in patients’ preferences
(Supplementary Figure 1): patients who had had pre-visit laboratory tests done were
more likely to want to learn the diagnosis on the same day (93% vs 91%; p < .oor), and
less likely to want to see the doctor before having laboratory tests done (17% vs 43%;
p < .oo1). However, they were more likely to object to more laboratory tests being
done than necessary (16% vs 8%; p = .o1).

TABLE 3: PHYSICIAN SATISFACTION

Pre-visit testing Usual care p-value

(n =191) (n=161)

(% of respondents (% of respondents

answering affirmatively) answering affirmatively)
Good overview of the problem? 98% 98% >.99
Able to help the patient efficiently? 65% 71% 28
Diagnosis already in sight? 57% 50% 24

Differences between the groups were tested using Pearson’s y* test
group g X

TABLE 4: PATIENT SATISFACTION

Respondents, n (%) Pre-visit testing Usual care p-value
(n =125 [49%]) (n =131 [39%])
(means + 95% CI) (means + 95% CI)
Opverall grade 8.0(7.8 —8.2) 8.1(7.9 —8.3) 54
Modified PsQ-18 questionnaire
General satisfaction 3.85(3.71 - 3.98) 3.81(3.66 — 3.96) 72
Technical quality 3.86 (3.75 — 3.97) 3.73(3.62 —3.84) a1
Interpersonal manner 4.35 (4.02 — 4.26) 4.20 (4.07 — 4.33) .07
Communication 4.14 (4.02 — 4.26) 4.00 (3.87 — 4.12) .10
Time spent with doctor 4.02(3.90 — 4.15) 3.84 (3.70 — 3.98) .05

Differences between the groups were tested using Student’s t-test

Items of the PsQ-18 are scored on a 1 — s scale, with high scores reflecting greater satisfaction with
medical care

cI: confidence interval; PsQ-18: Patient Satisfaction Questionnaire Short-Form
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DiscussionN

In our single-center on-off study, performing a standardized laboratory test panel
prior to the first visit to the outpatient clinic did not result in a shorter overall time to
diagnosis. However, it did increase the chance of obtaining a final diagnosis during
the first visit. The number needed to test in order to finish the diagnostic process
on the first day was 15. In our questionnaire, the vast majority of patients preferred
receiving their diagnosis on the first day, and at the same time did not object to having
more laboratory tests done than necessary.

Ordering standardized laboratory panels is in sharp contrast with advice from
several guidelines, including Choosing Wisely recommendations, because of potential
overutilization.” Overutilization leads to increased costs, as well as potentially more
false positive test results.”

In this study, patients in the intervention group on average had 7 more laboratory
tests performed during the diagnostic process. No other differences in health care
utilization were found, which implies that the excess laboratory tests did not lead to
significant downstream overutilization.

To the best of our knowledge, this is the first time that the effect of pre-visit
laboratory testing on the diagnostic process in the outpatient setting has been studied.

Several possible explanations for the study’s negative result can be proposed.
First of all, laboratory testing may not be as important for establishing a diagnosis
as previously hypothesized. This might be especially true in the setting of a tertiary
hospital, which typically has a more complex case mix that requires a more extensive
diagnostic work up. This might also explain why pre-visit testing would have an
effect on the number of correct diagnoses on the first day, as in these cases typically
no additional diagnostic tests were performed. It might also be argued that laboratory
testing already performed by the referring physician negated the effect of pre-visit
testing, although in that case one would have expected to see an effect in the subgroup
without pre-referral testing.

Alternatively, given that additional tests were ordered after the first visit in 66%
of cases in the pre-visit arm, it might also be argued that the pre-visit panel proved
inadequate in those patients, and that a different or more extensive test panel would
have made a difference. However, extending the pre-visit panel would lead to greater
costs and possibly more downstream overutilization. Tailoring the pre-visit panel
to individual patients based on their referral reason might be a more promising
alternative.

One of the strengths of this study is that all subjects were comprehensively
analyzed through chart review by an expert panel. As a result, loss to follow-up was
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limited at 6%. Furthermore, the study population was relatively unselected, as all
newly referred patients were included, which increases the study’s external validity.

This study has several limitations. Firstly, the on-off trial design may have
compromised the comparability of the two groups.

Secondly, this was an open label study. The subjects and their treating physicians
were aware of their allocation. The expert panelists who determined the time to
diagnosis were not actively informed about the allocation of the subjects they
evaluated, but in many cases it could be inferred from the treating physician’s chart
notes they reviewed.

Thirdly, the response rate of the patient survey was quite low at 49% of patients
in the intervention group and 39% in the control group, which could limit the
generalizability of the questionnaire’s results.

Fourthly, the physician survey comprised only three questions, because we
presumed that physicians would not be willing to fill out longer surveys. This may
limit the survey’s applicability.

Finally, even though we found no differences in health care utilization apart for a
modest increase in the number of laboratory tests in the intervention group, not all
potentially negative effects of test overutilization, such as anxiety due to false positive
test results, were monitored for in this study.

In conclusion, standardized pre-visit laboratory testing did not lead to a shorter
time to diagnosis but increased the chance of obtaining the correct diagnosis during
the first visit. Further studies should focus on adaptations and differentiations to the
standard pre-visit laboratory panel.
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SUPPLEMENTARY TABLE I: LIST OF FINAL DIAGNOSES

Diagnosis Patients (n) Completed diagnostic
workups on the " day (n)

CARDIOVASCULAR

Atrial fibrillation I

Coronary artery disease I
Hypercholesterolemia 2 I
Hypertension 1

Pericarditis I

Peripheral arterial occlusive disease 3

Venous insufficiency 3

Venous thromboembolism 2 2
ELECTROLYTE DISTURBANCES

Hypomagnesemia, due to proton pump inhibitors 1 I
Hyponatremia, due to diuretics 1
Hyponatremia, due to reset osmostat I
Hyponatremia, due to SIADH 9 5
Hyponatremia, unspecified 1
Hypophosphatemia, due to seizures I
ENDOCRINE

Diabetes mellitus 3 3
Hyperthyroidism 4 2
Hypogonadism I
Hypopituitarism, due to pituitary mass 1
Hypothyroidism 9 4
Osteoporosis 2

Tertiary adrenal insufficiency I

EXTERNAL CAUSES

Nickle intoxication I

Side effects of medication 17 7
GASTROINTESTINAL

Bowel obstruction I

Celiac disease 2 1
Constipation 6 I
Diverticulitis I

Duodenic ulcer I

Gastritis 6 i
Hernia diafragmatica 2
Inflammatory bowel disease I

Irritable bowel syndrome 15 I
Reflux esophagitis 8 2
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SUPPLEMENTARY TABLE 1: CONTINUED.

Diagnosis Patients (n) Completed diagnostic
workups on the r* day (n)

HEMATOLOGICAL

Anemia, due to hemoglobinopathy 1

Anemia, due to medication 1

Anemia, hemolytic 2 1
Anemia, of chronic disease 5 2
Anemia, secondary to chronic kidney disease 4 1
Anemia, unspecified 1

Chronic lymfatic leukemia I

Iron deficiency, of gastrointestinal causes 18

Iron deficiency, of other causes 19 6
Iron deficiency, unspecified 22 1
Malignant lymphoma 4

MGUS 4
Myeloproliferative neoplasm 2

Reactive lymphadenopathy 2

Secondary leukocytosis

Secondary polycythemia 8 3
Von Willebrand’s disease 1
HEPATOBILIARY

Cholecystitis 1 1
Cholelithiasis 2
Hemangioma of the liver I

Liver disease, alcoholic 4

Liver disease, due to heart failure 2 1
Liver disease, fatty liver disease 1 1
Liver disease, unspecified 1

Pancreatitis 2

Primary biliary cirrhosis 1
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SUPPLEMENTARY TABLE I: CONTINUED.

Diagnosis Patients (n) Completed diagnostic
workups on the " day (n)

INFECTIOUS

Bartonellosis 2

Chlamydia infection I

Endocarditis 2
Gastroenteritis 6 i
Lyme’s disease 2 I
Pelvic abscess post-prostatectomy I

Recurring skin infections 2 I
Respiratory tract infection 4

Sepsis 1
Spondylodiscitis I
Strongyloides infection 1
Tuberculosis I

Urinary tract infection 8

Viral infection 9 2
MALIGNANCY

Breast cancer 3
Cholangiocarcinoma

Colorectal cancer 3

Gastric cancer 1 I
Gastrointestinal stromal tumor I

Lung cancer 3

Melanoma 1
Neuro-endocrine tumor 1

Cancer, not specified 2 2
Ovarian cancer 3

Pancreatic cancer 3 I
NEUROLOGICAL

ACNES 3 I
Autonomic dysregulation 1

Benign paroxysmal positional vertigo I

Essential tremor 1 I
Parkinson’s disease 2 I
Polyneuropathy due to spinal stenosis 1
PSYCHIATRIC

Alcohol abuse 6 1
Depression 1

Eating disorder 2 I
Panic attacks 2 1
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SUPPLEMENTARY TABLE 1: CONTINUED.

Diagnosis Patients (n) Completed diagnostic
workups on the r* day (n)

PULMONARY

Bronchiectasia 1 1

COPD 1 1

OSAS 1

Pleural lipoma
Sarcoidosis

RENAL

Acute kidney injury
Chronic kidney disease
Exercise-induced hematuria
Hydronephrosis

Kidney stone

RHEUMATOLOGICAL /IMMUNOLOGICAL

Axial spondyloarthritis
Anaphylaxis

Bechterew’s disease
Cholinergic urticaria
Dermatomyositis
Facioscapulohumeral dystrophia type 1
Familial Mediterranean fever
Fibromyalgia

Giant cell arteritis
Leukocytoclastic vasculitis
Osteoarthritis

PFAPA syndrome

Raynaud’s disease

SADNI

Sjogren’s disease

Urticarial dermatitis

Ll N S B e

-

VITAMIN / TRACE ELEMENT DEFICIENCIES

Folate deficiency
Vitamin B12 deficiency
Vitamin D deficiency
Zinc deficiency
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SUPPLEMENTARY TABLE I: CONTINUED.

Diagnosis

Patients (n) Completed diagnostic

workups on the " day (n)

OTHER

Chronic fatigue syndrome

Condition ruled out

Fatigue, due to cardiopulmonary disease
Fatigue post radiotherapy

Fatigue post stroke

Fibroadenoma of the breast

Medically unexplained physical symptoms
Menstrual complaints

No evidence of disease

Obesity

Perimenopausal complaints

Pharyngeal pain after intubation
Polydipsia

Post intensive care syndrome

Post menopausal flushing
Rhabdomyolysis

Vaginwl prolaps

Weight loss due to decreased caloric intake
Werner’s progeria

21
35

86

6s

3
I

12

1

1

I

ACNES: abdominal cutaneous nerve entrapment syndrome; BPPV: benign paroxysmal postural
vertigo; COPD: chronic obstructive pulmonary disease; MGUS: monoclonal gammopathy of unknown
significance; 0SAS: obstructive sleep apnea syndrome; PFAPA: periodic fever, aphthosis, pharyngitis,
and adenitis; SADNT: selective antibody deficiency with normal immunoglobulins; StADH: syndrome

of inappropriate antidiuretic hormone secretion

45 patients had more than one diagnosis.
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SUPPLEMENTARY TABLE 3: LABORATORY TESTS PERFORMED ON THE FIRST
DAY IN ADDITION TO THE STANDARD PRE-VISIT PANEL

Additional test number of times performed
Ferritin 70
Vitamin B2 46
Folic acid 42
Free thyroxine (FT4) 30
Creatine kinase 28
Phosphate 22,
Bilirubin (total) 19
M-protein 19
Sodium 17
Total protein 17
Iron 15
25-hydroxyvitamin p 14
Osmolality 4
Creatinine (urine) 13
Osmolality (urine) 13
Reticulocytes 3
Magnesium 12
Transferrin 10
Transferrin saturation 10
Glycated hemoglobin (aba1c) 9
Anti-endomysium 8
Anti-nuclear antibodies 8
Anti-TTG 8
Cholesterol 7
HDL-cholesterol 7
LDL-cholesterol 7
Triglycerides 7
Bicarbonate 6
Haptoglobin 6
Immunoglobulin A 6
Prothrombin time 6
Anti-ds-DNA 5
Cortisol 5
Immunoglobin 6 5
Lipase 5
Potassium 5
Urea S
aPTT 4
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SUPPLEMENTARY TABLE 3: CONTINUED.

Additional test number of times performed
Albumin (urine) 4
Anti-smooth muscle antibodies 4
Erythropoietin 4
INR 4
Rheumatoid factor 4
Amylase 3
ACE 3
Anti-mitochondrial antibodies 3
Citrullin 3
Immunoglobulin M 3
Lactate 3
Parathyroid hormone 3
Red cell distribution width 3
Reticulocytes McHC 3
Thyroid-stimulating immunoglobulin 3
ACTH 2
Anti-TPo antibodies 2
BNP 2
Complement c3 2
CANCA 2
Dysmorphic erythrocytes (urine) 2
Free light chains 2
Insulin 2
Intrinsic factor 2
PANCA 2
PSA 2
Testosterone 2
Thrombocytes (citrate) 2
Thrombocytes (heparin) 2
Type and screen 2
Uric acid 2
Vitamin B6 2

Total group size is 222 subjects. Only tests ordered more than once are included.ACE: angiotensin
converting enzyme; ACTH: adrenocorticotropic hormone; aPTT: activated partial thromboplastin
time; BNP: B-type natriuretic peptide; cANCA: cytoplasmic anti-neutrophil cytoplasmic antibodies;
DNA: deoxyribonucleic acid; HDL: high density lipoprotein; INR: international normalized ratio; LDL:
low density lipoprotein; MCHC: mean corpuscular hemoglobin concentration pANCA: perinuclear
anti-neutrophil cytoplasmic antibodies; PSA: prostate specific antigen; TPO: thyroid peroxidase; TTG:
tissue transglutaminase
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SUPPLEMENTARY FIGURE I: PATIENT PREFERENCES

Lab before consultation

Do you like having all of your
appointments on the same day? =
(n=136)

Do you mind having to wait two
hours between appointments? = 537
(n=136)

Do you like to get a diagnosis
on the day of your first = 6.6
visil? (n=137)

Do you want lo see your
physician before laboratory -
tests are done? (n=131)

T -
Do you mind a second blood
draw if nct all tests have _ 0.1
been performed initially? £
(n=131)
1 -

Do you mind having more
laboratory tests done than -
necessary? (n=129)

100% 80% 60% 40% 20% 0%  20% 40% 60% 80%  100%

Comparisons between groups were tested by Mann-Whitney-Wilcoxon test
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Lab after consultation

Do you like having all of your

appoinimenis on the same day? - P= b
(n=137)
Do you mind having to wait two
hours between appointments? - p=.36
(n=136)
Do you like to get a diagnosis
an the day of your first= 8.8 P <001
visit? (n=137)
Do you want to see your
physician before laboratory - 56.7 p <001
tests are done? (n=134)
Do you mind a second bload
draw if not all tests have _
been performed initially? 85.7 p=k
(n=133)
P -

Do you mind having more
laboratory tests done than -
necassary? (n=132)
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. completely disagree
somewhat disagree

- somewhat agree

. completely agree
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ABSTRACT

Background
To date, the outcomes of second opinions in internal medicine in terms of diagnostic
yield and patient benefit have not been studied extensively. This retrospective study
explores the outcomes of second opinions at a general internal medicine outpatient
clinic in an academic hospital.

Methods

A register of all patients referred to the general internal medicine outpatient clinic
of the University Medical Center in Utrecht for a second opinion, was kept. All 173
patients referred between June 2016 and August 2018 were selected. Case records were
analyzed for patient characteristics, referring doctor, chief complaint, performed
investigations, follow-up time and, established diagnosis, additional diagnoses,
initiated treatment and reported benefit.

Results
A new diagnosis was established in 13% of all patients. A new treatment was initiated
in 56% of all patients: 91% and 51% of patients with and without a new diagnosis
respectively (p < .oor). Of all patients, 19% received an effective treatment (52% vs
14% of patients with vs without a new diagnosis; p < .oor). Regardless of treatment,
resolution or improvement of the chief complaint was achieved in 28% of all patients
(52% vs 25% of patients with vs without a new diagnosis; p = .006). Regarding
diagnostics, 23 — 33% of radiology, endoscopy and pathology tests performed
during second opinion were a repetition of previously conducted investigations.
Conventional blood tests were a repetition in 89% of cases. Median time to diagnosis
was 64 days (interquartile range [IQR]: 25 — 128) and median time to discharge was

75 days (IQR: 31 — 144).

Conclusion
Second opinions in general internal medicine lead to the establishment of a new
diagnosis in a small proportion of patients. However, the value of second opinions
may not be limited to the establishment of diagnoses, as new treatments are often
initiated and overall patients report improved symptomatology in 28% of cases.
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INTRODUCTION
A second opinion is defined as a reevaluation of the diagnosis and/or treatment given
by a doctor, carried out by a second, independent doctor from the same medical
field.”” Patients request second opinions for various reasons.”” Mostly, second
opinions are requested when no explanation for the patients’ complaints is found by
the original doctor, or when treatment is ineffective.

Over the years, many studies in various medical specialties and multiple countries
have shown that second opinions lead to the establishment of a new diagnosis in
2-60%7*"and a change in treatment in 20-60% of patients.”*>***73 In addition, studies
have shown that patients are generally satisfied with the process, even if it has not
led to a new diagnosis or treatment.”**** Studies exploring the outcome of second
opinions in general internal medicine have shown that a new diagnosis is established
in only approximately 10% of patients.”* However, to date, only a limited number of
observational studies have been carried out in this field. Moreover, previous studies
did not evaluate the establishment of additional diagnoses, treatment initiation and
effects, patient-reported symptomatology and relevance of performed investigations
in the context of second opinions, in all patients.”*

This raises the question as to what the actual outcomes of second opinions in
internal medicine are, when studied extensively. Therefore, the aim of this study is to
determine the outcomes of second opinions in a general internal medicine outpatient
clinic in an academic hospital. Primarily, this study will assess in how many patients
a new diagnosis was established during second opinion. Secondarily, this study will
assess established additional diagnoses, initiated treatment and its effects, patient-
reported symptomatology, relevance of (repeated) diagnostic investigations and time
to diagnosis and time spent in the clinic during second opinion.

METHODS
Second opinions in the Dutch bealth care system
In the Dutch health care system, for every medical issue, a patient’s initial consultation
is always with a general practitioner. The general practitioner acts as a gatekeeper to
hospital and specialist care. The general practitioner can decide to refer patients to
a hospital for specialist care. This can be either a regular hospital or an academic
hospital. After patients have received specialist care in a regular or academic hospital,
they have a legal right to demand a second opinion, and second opinions are covered
by basic insurance.” If patients demand a second opinion, they are then referred to
another hospital by their original physician or their general practitioner. Again, this
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can be either a regular or an academic hospital. Physicians from regular and academic
hospitals have similar levels of expertise, and have similar diagnostic resources at
their disposal. So, second opinions are carried out on the same level of care as the
first opinions.

Stucly Design

This study is a retrospective analysis of data retrieved from case records, stored in the
electronic hospital information system at the University Medical Center in Utrecht
(uMc Utrecht), an academic hospital in the Netherlands. Due to the retrospective and
non-invasive nature of the study, it was not subject to the Dutch Medical Research
Involving Human Subjects Act and formal consent was not required. The study was
approved by the Medical Ethics Review Committee in the uMcC Utrecht before data
acquisition. Starting from June 2016, a register of all patients referred to the general
internal medicine outpatient clinic of the umc Utrecht for a second opinion, has been
kept for administrative reasons. All patients referred for a second opinion between
June 2016 and August 2018 were considered for this study, so there would be at least
eight months between time of referral and the start of this study (1 May 2019). Patients
who did not visit the clinic or visited the clinic of a different medical specialty were
excluded. For all included patients, age at time of referral, gender and the following
measures were collected from case records by the first researcher (PB).

A glossary of terms used throughout the manuscript is provided in Supplementary

Table 1.

Referrval

Case records were screened for referring doctor, dates of last consultation with the
previous physician and first consultation with the physician formulating the second
opinion, and chief complaint. Referring doctor was based on the referral letter,
and divided into three groups: general practitioner, locum general practitioner and
medical specialist. Time between consultations was calculated. This was defined as
the number of days between the last consultation with a previous physician (which
was based on dates specified in the referral letter) and the first consultation with the
physician formulating the second opinion. Chief complaint of the patient was based
on the main complaint mentioned by the patient during the first visit to the clinic, as
documented in the case record by the doctor formulating the second opinion. Chief
complaints were divided into the following groups: fatigue, abdominal pain, pain
(multifocal), weight loss, edema, fever, and other, based upon observed frequencies.
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Diagnosis
Case records were analyzed for diagnosis at time of referral, diagnosis by the
doctor formulating the second opinion, diagnosis established during inter-collegial
consultation (consultation by a doctor from another medical specialty, requested by
the doctor formulating the second opinion) and additional diagnoses established in
the context of the second opinion. Whether these types of diagnoses were established
and the actual diagnoses were noted for the different types of diagnoses separately.
Diagnoses were only included if they were considered definitive diagnoses, using the
following definition: a diagnosis is said to be a definitive diagnosis when the treating
physician concludes that the diagnosis has been established and that no further
investigations to confirm this diagnosis are required. The diagnosis by the referring
doctor was based on the referral letter. If a diagnosis was established by the doctor
formulating the second opinion, it was documented whether it was a new diagnosis:
a new diagnosis was defined as the establishment of a diagnosis different from the
diagnosis at the time of referral, or the establishment of a diagnosis in patients without
a diagnosis at the time of referral. The same was done for diagnoses established during
inter-collegial consultation. Inter-collegial consultation was seen as a part of second
opinions, and therefore, diagnoses established during inter-collegial consultation were
added to diagnoses established by the doctors formulating the second opinions, when
analyzing outcome of second opinions. Finally, for additional diagnoses established
during second opinion, the relevance was determined. An additional diagnosis was

considered relevant only if it led to treatment for this diagnosis.

Treatment and Patient-reported Symptomatology
Records were analyzed for treatment initiated by the doctor formulating the second
opinion and changes made to preexisting management plans, and their effects on the
chief complaint. Treatment was divided into the following groups: newly prescribed
medication, change in medication (dosage) used at the time of referral, vitamin/
iron supplementation (vitamin Bi1/ Bi2/D and iron), analgesia (local anesthetics or
transcutaneous electric nerve stimulation), physical therapy, cognitive behavioural
therapy (CBT), change in diet, surgery (for example gastroenterological surgery)
and other (for example radiotherapy). Treatment effects were based on patient
opinion as documented by the doctor in the case record, and were divided into four
groups: resolution, improvement, unchanged and worsened. An effective treatment
was defined as a treatment leading to the resolution or improvement of the chief
complaint. In a similar way, we also analyzed case records of all patients for patient-
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reported symptomatology at the end of second opinions. The same four groups were
used to define the outcome.

Investigations

Investigations performed in the context of the second opinion were collected
from case records: blood tests, urinalysis, microbiology tests, radiological tests,
endoscopic procedures and pathology tests. Laboratory tests were divided into
conventional blood tests (specified in Supplementary Table 2) and additional blood
tests. Radiological tests were divided into X-ray, ultrasonography, CT, MR1 and PET/
SPECT. Microbiology tests were divided into the following groups: viral, bacterial and
other (parasites, fungi, protozoa). For every investigation it was noted whether it was
a new investigation or a repetition of a previous investigation. An investigation was
considered a repeated investigation if the investigation had already been performed
by a previous physician before the start of the second opinion and the exact same
investigation was then performed again during the second opinion. If the results of
previous investigations, or images or tissue obtained by radiology or pathology tests
were transferred from a hospital of a previous physician to the uMc Utrecht, and were
reassessed by a physician of the uMc Utrecht during the second opinion, this was
not considered an investigation or a repeated investigation as the actual investigation
was not performed during second opinion. For every investigation was also noted
whether it led to any form of relevant information. Relevant information of any
form was defined as information not known from previous investigations leading
to either the establishment of a diagnosis or additional diagnosis, the initiation of a
new treatment or the requirement for another investigation for further assessment.
Finally, for every investigation it was noted whether it had shown anomalous results
contributing to the establishment of a diagnosis.

Follow-up
For each patient it was noted whether the entire diagnostic process was completed, or
the diagnostic process was still ongoing or the patient was lost to follow-up. Time to
diagnosis, time to discharge from the clinic and time spent in the clinic were collected
from case records. Time to diagnosis was defined as the number of days between the
first visit to the clinic and the moment the diagnosis was established and discussed
with the patient. Time to discharge from the clinic was defined as the number of days
between the first visit to the clinic and the last visit to the clinic, or other departments
of the hospital, as part of the diagnostic process or treatment of the chief complaint.
If patients had not been discharged by the start of this study (1 May 2019), time to
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discharge from the clinic was defined as the number of days between the first visit to
the clinic and 1 May 2019. For patients that were lost to follow-up, time to discharge
from the clinic was defined as the number of days between the first and the last visit
to the clinic (or other departments of the hospital), and was reported separately. Time
spent in the clinic was defined as the total amount of time (in minutes) reserved for
the patients’ appointments at the internal medicine outpatient clinic, as well as for
appointments by phone. Total time spent in the clinic was calculated similarly, but
all appointments regarding the chief complaint at any outpatient clinic in the umc
Utrecht were included.

Validation of Outcomes

After all data were collected from case records by the first researcher (PB), all
established diagnoses and additional diagnoses were evaluated, also based on case
record examinations, by two experienced internists (the two other authors: yw-Bv).
In three cases (1 diagnosis, 2 additional diagnoses) opinions differed between authors,
and consensus was reached through group discussion involving all three authors (PB-
Jw-BV). In all other cases, authors agreed on the validity of the (additional) diagnoses
collected from case records by the first researcher. Besides (additional) diagnoses,
treatment including treatment effects and time to diagnosis were also checked by
a second researcher (Bv) in a random sample of % of all patients (n = 9). This was
done to ensure that outcome definitions were adequately described, so that usage
of the definitions by two independent researchers would lead to consistent results.
All outcomes of patients from the sample determined by the second researcher were
consistent with the outcomes determined by the first researcher.

Statistical Analyses
Descriptive statistics were used to summarize patients’ characteristics at baseline
and established diagnoses, initiated treatment, follow-up times and performed
investigations in the context of the second opinion. Categorical variables were
characterized using frequencies and percentages, continuous variables were
characterized using means and standard deviations or medians and interquartile
ranges (IQR), when appropriate.

In order to compare outcome between groups of categorical/dichotomous
variables, such as gender, referring doctor, chief complaint and groups of patients
with and without a new diagnosis or treatment, Pearson’s x> test was used. To assess
the relationship between age at time of referral or time between consultations, and
outcomes of second opinion, logistic regression models were used.
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Results were considered statistically significant if p-value was < .os. Statistical
analyses were performed using spss software, version 25 (IBM SPsS Statistics for
Windows, Version 25.0).

REsuLTS
Stucly Population
In total, 196 patients were referred for a second opinion between June 2016 and August
2018. Out of these patients, 23 patients did not visit the clinic or visited the clinic of a
different medical specialty. Therefore, 173 patients were included in this study.

Patient Characteristics

Mean age was 42.0 (% 16.4) years and the majority of patients were female (69%)
(Table 1). Of 173 patients, 65% were referred by their own general practitioner, 21% by
alocum general practitioner and 14% by a specialist. At time of referral, a diagnosis
had been established by previous doctors in only 15% of patients. Median time
between last consultation by a previous physician and first consultation with the
physician formulating the second opinion was 97 days (IQR: 43 — 248). Most prevalent
presenting symptoms were fatigue (34%), abdominal pain (28%), pain (multifocal)
(11%), weight loss (6%), edema (5%) and fever (3%). A list of all other chief complaints
can be found in Supplementary Table 3.

Diagnosis
Out of 173 patients, the diagnostic process was completed in 150 patients (87%). In
23 patients (13%) the diagnostic process was still ongoing (4%) or they were lost to
follow-up before the diagnostic process was completed (9%). At the conclusion of the
second opinion, a diagnosis was established in 38 of all patients (22%) (Table 2). In 23
of these patients (13% of total population) the established diagnosis was considered a
new diagnosis. Specified for patients with and without a diagnosis at time of referral,
a diagnosis was established in 17 out of 26 patients (65%) with a diagnosis at baseline,
including 2 new diagnoses (8%), and 21 out of 147 patients (14%) without a diagnosis
at baseline. Most frequently established new diagnoses were Anterior Cutaneous
Nerve Entrapment Syndrome (ACNES) (4 patients) and Irritable Bowel Syndrome
(1Bs) (3 patients). A complete list of new diagnoses established during second opinion
is presented in Supplementary Table 4. Diagnoses of patients with a diagnosis at time
of referral and their diagnosis after second opinion are summarized in Supplementary

Tables.
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TABLE I: BASELINE CHARACTERISTICS

Characteristics Study population
N=173
Age, years 42.0 (£ 16.4)
Gender
Male 53 (31%)
Female 120 (69%)
Referring doctor
General practitioner 112 (65%)
Locum general practitioner 37 (21%)
Specialist 2.4 (14%)
Diagnosis at time of referral
Yes 26 (15%)
No 147 (85%)
Time between consultations®, days
Mean (£ sD) 253 (£ 456)
Median (IQR) 97 (43-248)
Chief complaint
Fatigue 59 (34%)
Abdominal pain 48 (28%)
Pain (multifocal) 19 (11%)
Weight loss 10 (6%)
Edema 8 (5%)
Fever 5 (3%)
Other 2.4 (14%)

Baseline characteristics are presented as mean (* standard deviation) or number (%). Time between
consultations is also presented as median with IQR (25 and 75 percentiles).

* Time between consultations was defined as the number of days between the last consultation with
a previous physician and the first consultation with the physician formulating the second opinion.
IQR: interquartile range; sD: standard deviation.

ADDITIONAL DIAGNOSES
Furthermore, additional diagnoses were established in ss patients (32%) (Table 2).
In 91% of those patients (29% of total population), established additional diagnoses
were considered relevant, as treatment for the condition was initiated. Most prevalent
additional diagnoses were vitamin (B11, B2, D) and iron deficiencies, urinary tract
infection, hypertension and dyslipidemia. A list of all additional diagnoses established
during second opinion and their prevalence can be found in Supplementary Table 6.

103



CHAPTERS§

INTER-COLLEGIAL CONSULTATION
During second opinion, 62 patients (36% of total population) were referred for inter-
collegial consultation, leading to a total number of 92 consultations. Of the 23 new
diagnoses established during second opinion, 6 diagnoses were established during
inter-collegial consultation. An overview of inter-collegial consultations during second
opinions is presented in Supplementary Table 7.

TABLE 2: DIAGNOSES ESTABLISHED DURING SECOND OPINIONS

Outcome measure n New diagnosis*
n (%)

Diagnosis established

Total population (N =173) 38 (22%) 23 (13%)

Complete cases (n = 150) 38 (25%) 23 (15%)

Diagnosis established in patients with a diagnosis at time of referral

All (n =26) 17 (65%) 2 (8%)

Complete cases (n = 23) 17 (74%) 2 (9%)

Diagnosis established in patients without a diagnosis at time

of referral

All(n=147) 21 (14%)

Complete cases (n = 127) 21 (17%)

Additional diagnosis established (number of patients)

Total population (N = 173) 55 (32%)

Relevant additional diagnosis 50 (29%)

Data are presented as number of patients (% of patients in category).

* Diagnosis established during second opinion (by the internist formulating the second opinion or
during inter-collegial consultation) different from diagnosis at time of referral, or established in a patient
without a diagnosis at time of referral.

Baseline characteristics are presented as mean (+ standard deviation) or number (%). Time between
consultations is also presented as median with IQR (25 and 75 percentiles).

* Time between consultations was defined as the number of days between the last consultation with
a previous physician and the first consultation with the physician formulating the second opinion.
IQR: interquartile range; sD: standard deviation.

Treatment
A new treatment was initiated or a change was made in a preexisting management plan
in 97 patients (56%) (Table 3). New treatment mainly involved the prescription of new
medication (56%) or the supplementation of vitamins or iron (28%). In 6% of patients
receiving new treatment, a change in medication (change in dose or discontinuation)
was made. Of 97 patients, 7% received analgesia, §% received physical therapy, a diet was
prescribed in $%, 4% underwent surgery and 3% received cognitive behavioural therapy.
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TREATMENT EFFECTS

Regarding treatment effects, resolution of the chief complaint was observed in 6%
of patients receiving new treatment and improvement in 28%. Chief complaint
had remained unchanged in 38% of patients with a newly initiated treatment, and
worsened in 2%. In 26% of patients, treatment effects were unknown as follow-
up of the symptoms attributable to the chief complaint were not documented, or
patients were discharged or lost to follow-up shortly after the treatment was initiated.
Considering the total study population, 19% of all patients received an effective
treatment (resolution or improvement of chief complaint) during second opinion.

TABLE 3: TREATMENT INITIATED DURING SECOND OPINIONS

n % of total population
Treatment initiated
Number of treatments 116 -
Number of patients 97 56%
Treatment type
Medication (new) 54 (56%) 31%
Change in medication 6 (6%) 3%
Supplementation* 27 (28%) 16%
Analgesia 7 (7%) 4%
Physical therapy 5 (5%) 3%
Diet 5 (s%) 3%
Surgery 4 (4%) 2%
CBT 3 (3%) 2%
Other® 5 (5%) 3%
Treatment effects*
Resolution 6 (6%) 4%
Improvement 27 (28%) 16%
Unchanged 37 (38%) 21%
Worsened 2. (2%) 1%
Unknown 25 (26%) 15%

Data are presented as number (% of patients receiving treatment) and % of total population (N = 173).
A patient can receive multiple treatments.

* This includes supplementation of vitamin B11/B12/D and/or iron.

" Other types of treatment included: cyst drainage (n = 1), enteral tube feeding (n = 1), chemoradiation
therapy (n = 1), avoidance of sternal pressure (n = 1) and fecal transplantation (n =1).

# Treatment effects were determined per patient. If a patient received multiple treatments, the overall
effect of the treatments combined was used for this analysis.

CBT: cognitive behavioural therapy.
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DIAGNOSIS AND TREATMENT
Treatment was initiated significantly more frequently in patients with a new
diagnosis, established during second opinion (91% vs 51%; p < .oor). Also, patients
with a new diagnosis more frequently received an effective treatment (52% vs 14%;
p <.oor).

Patient-reported Symptomatology

Opverall, the chief complaint improved or resolved in 28% of all patients referred for a
second opinion (Table 4). Resolution or improvement of the chief complaint was more
frequently observed in patients who received a new treatment compared to patients
who did not (34% vs 21%), although this difference was not statistically significant
(p = .06). Patients with a new diagnosis more frequently reported improvement or
resolution of symptoms (52% vs 25%; p = .006). Patients with neither a new diagnosis
nor a new treatment still reported improved symptomatology in 22% of cases.

TABLE 4: PATIENT-REPORTED OUTCOME OF CHIEF COMPLAINT AFTER
SECOND OPINION

All patients With new Without new With new Without new

treatment treatment diagnosis diagnosis
N=173 n=97 n=76 n=23 n=150
resolution 9 (5%) 6 (6%) 3 (4%) 3 (13%) 6 (4%)
improvement 40 (23%) 27 (28%) 13 (17%) 9 (39%) 31 (21%)
unchanged 56 (32%) 37 (38%) 19 (25%) 3 (13%) 53 (35%)
worsened 9 (5%) 2 (2%) 7 (9%) 1(4%) 8 (5%)
unknown 59 (34%) 25 (26%) 34 (45%) 7 (30%) 52 (35%)

Data are presented as n (% of patients in group), for all patients and for patients with or without a new
treatment or diagnosis.

* Diagnosis established during second opinion (by the internist formulating the second opinion or
during inter-collegial consultation) different from diagnosis at time of referral, or established in a
patient without a diagnosis at time of referral.
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Investigations
BLOOD TESTING
Conventional blood testing was performed in 86% of all patients (Table s). In 89% of
these cases, conventional blood testing had already been carried out by the previous
physician, but was repeated during second opinion. Conventional blood testing led
to relevant information in 23% of all cases in which conventional blood testing was
performed: 23% of cases in which conventional blood testing was repeated, and 24%
of cases in which conventional blood testing was performed for the first time. It
showed anomalous results contributing to the establishment of a diagnosis in 4%
of all cases. Additional blood tests were performed in 72% of all patients, leading to
relevant information in 17% and leading to anomalous results contributing to the

establishment of a diagnosis in 2% of these patients.

URINALYSIS AND MICROBIOLOGY

Urinalysis was carried out in §3% of patients (repetition rate 42%). Relevant
information was discovered in 14% of these patients (13% of new investigations, 15%
of repeated investigations). Anomalous results discovered by urinalysis contributed
to the establishment of a diagnosis in only 1% of patients it was performed in. In
50% of all patients, microbiology tests were performed, mostly focused on bacterial
and viral pathogens. Repetition rates were low (4-6%). Overall relevant information
rates ranged from 6% (viral) to 20% (other: parasites, fungi, protozoa). Noticeably,
anomalous results of microbiology tests did not once contribute to the establishment
of a diagnosis.

RADIOLOGY
Radiological tests were performed in 49% of all patients. X-ray was most frequently
performed (32%), MRI and PET-CT/SPECT were each only performed in 5% of patients.
Repetition rates ranged from 23% to 33%, except for MR1, which was never a repetition
of a previously conducted investigation. When repeated, ultrasonography and cT
lead to relevant information in 29% and 30% of cases respectively, while repeated PET-
CTs or SPECTs always, and repeated X-rays never lead to relevant new information.
Regarding new investigations, relevant information rates were 11% for X-ray, 22% for
ultrasonography, 27% for CT, 75% for MRI and 67% for PET-CT/SPECT. When all
performed tests, repeated or new, were considered, relevant information rates were
high for MRI and PET-CT/SPECT (75%), intermediate for ultrasonography and cT
(23% and 28%), and low for X-ray (7%). When PET-CT or SPECT was performed, it
led to the discovery of anomalous results relevant to the diagnosis in 38% of patients.
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Anomalous results of ultrasonography and CT led to a diagnosis in 10% and 3% of cases
respectively. X-ray never showed anomalous results contributing to the establishment
of a diagnosis.

TABLE 6: TIME SPENT DURING SECOND OPINIONS.

Measure Mean (£ sD) Median IQR (25 - 75 Total

percentiles)

Time to diagnosis, days

All* (n=38) 96 (£ 130) 64 25-128

New' (n =23) 117 (£ 153) 68 35 - 153

Time to discharge, days

Complete cases (n = 143) 109 (£ 108) 75 31-144

Not yet discharged* (n = 14) 499 (£ 193) 433 335 - 619

Lost to follow-up® (n = 16) 99 (£ 94) 49 20 - 185

Time in clinic, minutes

Internal medicine 8o (£ 31) 70 60-90 230 hours
All outpatient clinics 114 (£ 93) 80 60-135 330 hours

Data are presented as mean (* sD), median and IQR (25 — 75 percentiles).

* All diagnoses established by the doctor formulating the second opinion plus relevant diagnoses
established during consultation by another specialist.

" Diagnosis established during second opinion (by the internist formulating the second opinion or
during inter-collegial consultation) different from diagnosis at the time of referral, or established in a
patient without a diagnosis at the time of referral.

* Patients not yet discharged at the start of the study: 1 May 2019 was used as time of discharge.

$ Patients lost to follow-up: last visit was used as time of discharge.

IQR: interquartile range; SD: standard deviation

ENDOSCOPY AND PATHOLOGY

Endoscopic procedures were carried out in 9% of patients (repetition rate 31%), leading
to the discovery of relevant information in 25% (27% of new investigations, 20% of
repeated investigations), and to anomalous results contributing to the establishment
of a diagnosis in 6% of these patients. In 15% of all patients, pathology tests were
performed (repetition rate 28%), leading to relevant information in 32% (33% of new
investigations, 29% of repeated investigations), and anomalous results contributing
to the diagnosis in 24% of patients.
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TABLE 7A: POTENTIAL DETERMINANTS OF OUTCOMES OF SECOND OPINIONS

SECOND OPINIONS

Determinant New p-value New treatment p-value Effective  p-value
diagnosis (n=97) treatment®
(n=23) (n=33)

Gender

male (n = 53) s(9%) 320 29(s5%) 8z 8(15%) 376

female (n = 120) 18 (15%) 68 (57%) 25 (21%)

Referring doctor

general practitioner (n =112) 16 (14%) 858 59 (53%) 409 20 (18%) 389

locum general practitioner 4 (11%) 22 (60%) 6 (16%)

(n=37)

specialist (n = 24) 3 (13%) 16 (67%) 7 (29%)

Chief complaint?

fatigue (n = s59) 5(9%) .108 31 (53%) .632 9 (15%) 715

abdominal pain (n = 48) 11 (23%) 30 (63%) 10 (21%)

pain (multifocal) (n = 19) 3 (16%) 9 (47%) 3 (16%)

other (n = 47) 4 (9%) 27 (s7%) 11 (23%)

Diagnosis at time of referral

yes (n =26) 2 (8%) 361 15 (58%) .856 5 (19%) 983

no (n =147) 21 (14%) 82 (56%) 28 (19%)

Data are presented as number (% of subcategory). P-values for differences in outcome within categories

are given.

* Initiated treatment leading to improvement or resolution of the chief complaint.

T Chief complaints with a prevalence of = 10% were used as separate groups, remaining chief complaints
p p 1% group g %

were placed in ‘Other’.

Follow-up

Median time to diagnosis was 64 days (IQR 25 — 128) for patients in whom a diagnosis
was established (Table 6). When regarding new diagnoses only, median time to
diagnosis was 68 days (IQR 35 — 153). Median time to discharge was 75 days (1Qr
31 — 144) for patients whose second opinions were completed. Median time spent at
the internal medicine outpatient clinic was 70 minutes (IQR 60 — 90), and median
time spent at any outpatient clinic of the umc Utrecht (in the context of the second
opinion) was 8o minutes (IQR 60 — 135).

Determinants of Outcome
Statistically significant differences in outcome between patient groups based on
gender, referring doctor, chief complaint or presence of a diagnosis at time of referral
were not found (Table 7a). Neither was there a significant relationship between age
or time between consultations and chance of a new diagnosis or (effective) treatment
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(Table 7B/c). However, when specifically comparing patients with abdominal pain
to patients with fatigue, a new diagnosis was more frequently established in patients
with abdominal pain (23% vs 9%, p = .037).

TABLE 7B. OTHER POTENTIAL DETERMINANTS OF OUTCOMES.

New diagnosis New treatment Effective treatment

Yes No Yes No Yes No

(n=23) (n=150) (n=97) (n=76) (n=33) (n=140)
Age 421(f175) 42.0(£16.2) 419 (£15.6) 42.1(X17.4) 41.0(£165) 42.2(£16.4)

Time between 226 (£339) 258 (£ 472) 256 (£ 481) 251(f425) 267 (£564) 250 (£ 428)
consultations

Data are presented as mean (+ standard deviation)

TABLE 7C: LOGISTIC REGRESSION MODELS.

New diagnosis New treatment Effective treatment

(n=23) (n=97) (n=33)

B coefficient  p-value B coefficient p-value B coefficient  p-value
Age 0.00I1 .960 -0.00I1 .931 -0.004 722
Time between  0.000 765 0.000 .946 0.000 .852
consultations

Data are reported as B coefficients and p-values from logistic regression models.

DiscussioN

During second opinions in a general internal medicine outpatient clinic of an
academic hospital, a new diagnosis was established in 13% of patients, while overall,
resolution or improvement of the chief complaint was achieved in 28% of patients. In
approximately one third of patients a relevant additional diagnosis was established,
and in over half of all patients, a new treatment was initiated. Treatment, whether a
new diagnosis was established or not, led to improvement or resolution of the chief
complaint in 34% of patients. Many investigations were carried out, often repeating
previously performed investigations. Anomalous results from investigations rarely
contributed to the establishment of a diagnosis.

Regarding the establishment of a new diagnosis, results presented in this study
are very similar to findings of the two previous studies exploring the outcomes of
second opinions in internal medicine (both in Dutch academic hospitals), with a
new diagnosis being established in approximately 10% of patients in these studies.”
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We add to the body of evidence by detailing the diagnostic process and outcome.
When compared to second opinions in other medical specialties, the diagnostic value
of second opinions in internal medicine is low. Studies in other medical specialties
have shown that a new diagnosis is established in approximately 30 — 60% of patients,
ranging from 30% in surgical oncology to 60% in orthopedic surgery.”>>%5202524
This difference might be explained by the fact that, in this study and in previous
studies,” up to 85% of patients referred for a second opinion in internal medicine had
poorly defined conditions without a diagnosis at the time of referral. This usually
concerns patients with a high suspicion of medically unexplained physical symptoms,
in whom a diagnosis cannot be easily established. Also, part of the diagnoses that
were established in this study are diagnoses without objective criteria and for which
treatment options are lacking. One could question the value of the establishment of
these kinds of diagnoses. The same applies to additional diagnoses, such as iron and
vitamin deficiencies, which were frequently established in this study.

In this study, a new diagnosis was more frequently established in patients
presenting with abdominal pain compared to fatigue. This was also observed in small
numbers of patients presenting with abdominal pain or fatigue in a previous study
exploring outcomes of second opinions in internal medicine.” In another previous
study, new diagnosis rates of these groups were very similar.’ The fact that more new
diagnoses were established in patients with abdominal pain in this study, is most
likely related to the fact that ACNES and 1Bs were the most frequently established
new diagnoses in this study (Supplementary Table 4). ACNES is known to be a poorly
recognized and commonly underdiagnosed cause of abdominal pain.#?* Therefore,
itis likely that ACNES is sometimes not recognized by the original physician, but the
diagnosis is established by the physician formulating the second opinion, as internists
in our center are aware of the fact that ACNES is a commonly underdiagnosed cause
of abdominal pain. Diagnosis of 1Bs is not based on objectifiable findings from
diagnostic tests, and is often not established before other diagnoses have been ruled
out. So, potentially, physicians are reluctant to establish this diagnosis when they are
aware a patient wishes to be referred for a second opinion, as they know that during
second opinion, a different diagnosis might be established. If a different diagnosis
cannot be established, potentially, the diagnosis of 1Bs could be established by the
physician formulating the second opinion, contributing to the higher number of new
diagnoses in patients with abdominal pain.

This is the first study exploring treatment initiation and patient-reported
symptomatology during second opinions in internal medicine to date. Noticeably,
this study showed that the proportion of patients who received a new treatment
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was substantially larger than the proportion of patients in whom a new diagnosis
was established. This indicates that, even though a new diagnosis was strongly
related to the initiation of a new treatment in this study, a new treatment is also
frequently initiated in patients in whom no diagnosis was established. In addition,
resolution or improvement of symptoms was also frequently achieved in patients
who did not receive a new treatment, nor a new diagnosis. This means that the yield
of second opinions is not limited to the establishment of diagnoses. However, it is
commonly known that a placebo effect can play a substantial role in patient-reported
symptomatology and treatment effects. In the absence of a control group, it is hard
to determine what part of the treatment effects and reported improved symptoms
in this study are attributable to a placebo effect. It is likely that information and
reassurance provided by the physician carrying out the second opinion can lead to
improved symptoms, as it was shown to increase patient satisfaction in a previous
study.” One could argue that this is part of the value of second opinions, whether it
is based on a placebo effect or not.

This is the first study that thoroughly analyzed investigations performed in the
context of second opinions. One previous study in an internal medicine outpatient
clinic reported that, depending on the type of investigation (for example blood
testing, urinalysis or radiology), approximately 40 — 90% of investigations performed
by original physicians were repeated by the physician formulating the second
opinion.” Our study focused on how many of the performed investigations during
second opinion were in fact a repetition of investigations already carried out by the
original physicians. Repetition rates for radiological tests seemed to be lower in our
study, possibly caused by the fact that, nowadays, information from case records is
more easily transferred between hospitals. Also, a radiological second opinion of
investigations performed in other hospitals can be easily obtained. Repetition of
investigations could be seen as waste. However, noticeably, in this study, repeated
investigations led to the discovery of relevant information relatively frequently, which
is in contrast with the aforementioned study.’ Partly this is due to the fact thatin a
considerable number of patients conventional blood testing was considered repeated,
while in fact a small share of the tests had not been performed before. Conventional
tests that had not been performed before mostly included vitamin and iron tests,
which often led to relevant information. Thus, conventional blood testing often
showed relevant information when repeated, but relevant information was often
only found in the share of tests that were actually not a repetition. The relatively
high relevant information rates for repeated microbiology, radiology, endoscopy and
pathology tests are remarkable. These results suggest that, when doctors formulating
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second opinions believe it is necessary, repeating investigations can be useful. Time
lapsed between original and repeated investigations was not assessed in this study, so a
statement on the possible relationship between amount of time between investigations
and relevance of results cannot be made.

One of the strengths of this study is the fact that it is the most extensive research
on second opinions in general internal medicine to date. Additional diagnoses,
treatment effects, patient-reported symptomatology, relevance of all performed
investigations and follow-up time had never been assessed before. Also, this is the
first study exploring the value of second opinions in internal medicine in ten years’
time. Finally, strengths of this study include the large population size and the fact
that all patients who visited our clinic for a second opinion in the given time frame
were included in the study, so selection bias was avoided.

A limitation of this study is the retrospective design and the fact that all outcomes
were based on case records. Nevertheless, most important outcome measures, such
as diagnoses and treatment, are generally carefully documented by physicians in
case records, including correspondence, so a considerable impact of the study design
on end points is unlikely. However, treatment effects were not always accurately
documented, and one could question whether improvement of symptoms after the
initiation of treatment is always caused by the treatment. It is likely that in some
patients symptoms resolve due to a placebo effect. So, treatment effects might be
overestimated in this study. Furthermore, the fact that in some patients the diagnostic
process was incomplete could be seen as a limitation of this study. However, by
reporting our outcome (new diagnosis) as percentage of the total of referred patients,
we describe current practice and thus approximate the real benefit of referral for
second opinion in general internal medicine. Finally, there was a limitation in the way
relevance of information discovered by investigations was determined. Information
was only considered relevant in case of anomalous results leading to the establishment
of a diagnosis or additional diagnosis, the initiation of treatment, or the requirement
for another investigation for further assessment, while normal results or negative tests
might be relevant in establishing or ruling out a diagnosis as well.

CONCLUSION
In conclusion, this extensive research on the outcomes of second opinions in
general internal medicine, has shown that a new diagnosis is established in 13% of
patients. Patients in whom a new diagnosis is established benefit more from second
opinions, but the value of second opinions is not limited to the establishment of
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diagnoses, as patients without a new diagnosis also frequently receive treatment and
report improvement of symptoms. Overall, at least 28% of patients benefit from
second opinions, as resolution or improvement of symptoms is achieved. However,
remarkably, a large number of investigations are performed and repeated during
second opinions, while these investigations rarely contribute to the establishment
of a diagnosis. Despite that, this study has shown that second opinions in internal
medicine are valuable in terms of the establishment of diagnoses, initiation of

treatment and improvement of symptoms in a considerable number of patients.
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SUPPLEMENTARY TABLE I: GLOSSARY OF TERMS USED THROUGHOUT

THE MANUSCRIPT

Term

Definition

Referring doctor

The doctor who referred the patient for the second opinion and
wrote the referral letter.

Time between consultations

Number of days between the last consultation with a previous
physician and the first consultation with the physician
formulating the second opinion.

Chief complaint

Main complaint mentioned by the patient during the first visit to
the clinic.

Diagnosis at time of referral

Diagnosis established by referring doctor or another physician
before second opinion, as documented by the referring doctor in
the referral letter.

Diagnosis by doctor
formulating the second
opinion

Diagnosis established by the internist carrying out the second
opinion.

Diagnosis established during
inter-collegial consultation

Diagnosis established by a doctor from another medical specialty
during inter-collegial consultation requested by the internist
formulating the second opinion.

New diagnosis

Diagnosis established during second opinion (by the internist
formulating the second opinion or during inter-collegial
consultation) different from diagnosis at time of referral, or
established in a patient without a diagnosis at time of referral.

Additional diagnosis

Diagnosis established during second opinion, concerning a
condition which cannot cause the chief complaint.

Relevant additional diagnosis

Additional diagnosis leading to the initiation of treatment for
that condition.

New treatment

The initiation of (a change in) medication, vitamin/iron
supplementation, analgesia, therapy, dietary prescriptions or
surgery during second opinion.

Treatment effects

Effects of new treatment initiated during second opinion on the
chief complaint as reported by the patient and documented by the
doctor in the case record.

Effective treatment

New treatment leading to the resolution or improvement of the
chief complaint.

Patient-reported
symptomatology

Outcome of chief complaint at the end of second opinion as
reported by the patient and documented by the doctor in the case
record.

Conventional blood testing

Blood tests regularly performed during second opinions (specified

in Supplementary Table 2).

Additional blood tests

120

Blood tests not included in conventional blood testing.
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SUPPLEMENTARY TABLE I: CONTINUED.

Term Definition

New investigation An investigation performed during second opinion, which had
not been performed by a previous physician.

Repeated investigation An investigation was considered a repeated investigation if
the investigation had already been performed by a previous
physician before the start of the second opinion, and the exact
same investigation was then performed again during the second
opinion. Reassessments of results, images or tissue were not
considered investigations or repeated investigations.

Relevant information Information not known from previous investigations leading to
either the establishment of a diagnosis or additional diagnosis,
the initiation of a new treatment or the requirement for another
investigation for further assessment.

Overall relevant information  Percentage of investigations that lead to relevant information for

rate new and repeated investigations combined.

Anomalous results Anomalous results discovered by an investigation performed

contributing to diagnosis during second opinion, contributing to the establishment of a
diagnosis.

Time to diagnosis Number of days between the first visit to the clinic and the

moment the diagnosis was established and discussed with the
patient, as documented in the case record.

Time to discharge Number of days between the first visit to the clinic and the last
visit to the clinic, or other departments of the hospital, as part of
the diagnostic process or treatment of the chief complaint.

Time spent in the clinic Total amount of time (in minutes) reserved for the patients’
appointments at the internal medicine outpatient clinic, as well as
for appointments by phone.

Total time spent in the clinic ~ Total amount of time (in minutes) reserved for the patients’
appointments, regarding the chief complaint, at any outpatient
clinic in the uMc Utrecht, as well as for appointments by phone.
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SUPPLEMENTARY TABLE 2: LIST OF ALL BLOOD TESTS REGARDED AS
CONVENTIONAL BLOOD TESTS

Blood chemistry Hematology Endocrinology
Natrium Hemoglobin Thyroid-stimulating
hormone

Kalium Hematocrit Free thyroxine (free T4)
Calcium Erythrocytes 25-hydroxyvitamin D
Phosphate Mean corpuscular volume (MCV)
Uric acid Mean corpuscular hemoglobin

(mcH)
Creatinine Mean corpuscular hemoglobin

concentration (MCHC)

Estimated Glomerular Filtration ~ Thrombocytes

Rate (eGFR)

Bilirubin Leukocytes

Alkaline phosphatase Neutrophilic granulocytes

Gamma glutamyltransferase
(GGT)

Basophilic granulocytes

Aspartate transaminase (AST)

Eosinophilic granulocytes

Alanine transaminase (ALT)

Lymphocytes

Lactate dehydrogenase (LD)

Monocytes

Creatine kinase (CK)

Erythrocyte sedimentation rate
(ESR)

Amylase

Lipase

Albumin

C-reactive protein (CRP)

Cholesterol

Triglycerides

High-density lipoprotein (HDL)

Low-density lipoprotein (LDL)

Ferritin

Transferrin

Transferrin iron saturation

Iron

Folic acid (vitamin Bir)

Vitamin Bi2

Glucose
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SECOND OPINIONS

Chief complaint

Prevalence (Total: n = 24)

Headache

3

Syncope

3

Ascites

2

Flushes

Joint complaints

Pruritus

Anaphylaxis

Diarrhea

Dyspnea

Hiccups

Hyperhidrosis

Hypothermia

Nausea

Skin bumps

Weight gain

Wounds

Prevalence of chief complaints is reported as number.
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SUPPLEMENTARY TABLE 4: NEW DIAGNOSES ESTABLISHED DURING SECOND

OPINIONS
New diagnosis* Prevalence (Total: n = 23)
Anterior Cutaneous Nerve Entrapment Syndrome (ACNES) 4
Irritable Bowel Syndrome (1Bs) 3
Abdominal angina I
Chronic Fatigue Syndrome (CFs) 1
Erythromelalgia I
Facet syndrome 1
Familial Mediterranean Fever (FMF) 1
Fibromyalgia 1
Hyperventilation syndrome 1
Iron deficiency 1
Metastatic mammary carcinoma I
Morbus Castleman 1
Morbus Crohn 1
Non-alcoholic steatohepatitis (NASH) 1
Postural Orthostatic Tachycardia Syndrome (POTS) I
Schnitzler syndrome 1
Supragastric belching I
Tietze syndrome 1

Prevalence of diagnoses is presented as number. Diagnoses established (partly) based on objectifiable
findings from biochemical, radiological or pathological examinations are in bold.

* Diagnosis established during second opinion (by the internist formulating the second opinion or
during inter-collegial consultation) different from diagnosis at time of referral, or established in a
patient without a diagnosis at time of referral.
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SUPPLEMENTARY TABLE S: DIAGNOSIS AFTER SECOND OPINION IN PATIENTS
WITH A DIAGNOSIS AT TIME OF REFERRAL

Diagnosis at time of referral (n = 2.6)

Diagnosis after second opinion (n = 17)

Anterior cutaneous nerve entrapment syndrome
(ACNES)

Anterior cutaneous nerve entrapment
syndrome (ACNES)

Chronic fatigue syndrome (CFs)

Chronic fatigue syndrome (CFs)

Chronic idiopathic urticaria

Chronic idiopathic urticaria

Erythema nodosum

Erythema nodosum

Fibromyalgia Fibromyalgia
Fibromyalgia Fibromyalgia
Fibromyalgia -

Fibromyalgia + chronic obstructive pulmonary
disease (CoPD) + hypothyroidism

Fibromyalgia + chronic obstructive pulmonary
disease (CoPD) + hypothyroidism

Graves’ disease

Iron deficiency anemia

Iron deficiency anemia

Iron deficiency anemia

Iron deficiency anemia

Irritable bowel syndrome (1BS)

Anterior cutaneous nerve entrapment
syndrome (ACNES)

Irritable bowel syndrome (1Bs

Supragastric belching

Irritable bowel syndrome (1Bs

Irritable bowel syndrome (1Bs)

Irritable bowel syndrome (1BS)

)
)
Irritable bowel syndrome (1Bs)
)
)

Irritable bowel syndrome (1Bs

(

(

(
Irritable bowel syndrome (1BS

(

(

Irritable bowel syndrome (1Bs)

Irritable bowel syndrome, post-infectious (1BS)

Irritable bowel syndrome, post-infectous (1BS)

Leukocytoclastic vasculitis

Leukocytoclastic vasculitis

Pain amplification syndrome

Pain amplification syndrome

Pancreatic insufficiency

Splenic cyst

Splenic cyst

Urticaria factitia

Vitamin Br2 deficiency anemia

Yellow nail syndrome

New diagnoses are in bold. If no diagnosis after second opinion is mentioned, this means that the

diagnosis at time of referral was not confirmed and that a new diagnosis was not established.

125



CHAPTERS§

SUPPLEMENTARY TABLE 6: ADDITIONAL DIAGNOSES ESTABLISHED DURING
SECOND OPINIONS

Additional diagnosis* Prevalence (Total: n =55
patients, n = 78 diagnoses)

Iron deficiency 11
Vitamin B2 deficiency 10
Folic acid (vitamin Bir) deficiency 8
Urinary tract infection 8
Vitamin D deficiency 7
Hypertension 5
Dyslipidemia 4
Adrenal incidentaloma 1
Angina pectoris I
Baker’s cyst I
Breast cyst I
Bursitis I
Candidiasis 1
Chronic idiopathic urticaria 1
Erythema chronicum migrans I
Focal nodular hyperplasia of the liver 1
Gallbladder polyp 1
Gastric fundic gland polyp 1
1gG2 subclass deficiency 1
IgM monoclonal gammopathy of unknown significance (MGUS) 1
Kidney cyst I
Mannose-binding lectin deficiency 1
Obstructive sleep apnea syndrome (0SAS) I
Panniculitis mesenterica 1
Parasitic gastroenteritis I
Peptic duodenitis 1
Pulmonary embolism I
Pulmonary emphysema 1
Sjégren syndrome 1
Specific antibody deficiency 1
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SUPPLEMENTARY TABLE 6: CONTINUED.

Additional diagnosis* Prevalence
(Total: n = 55 patients,

n =78 diagnoses)

Syndrome of inappropriate antidiuretic hormone secretion (SIADH) 1

Tubular adenoma 1

Prevalence of additional diagnoses is presented as number. A patient may have multiple additional

diagnoses.
* Diagnosis established during second opinion, concerning a condition which cannot cause the chief

complaint.

SUPPLEMENTARY TABLE 7. INTERCOLLEGIAL CONSULTATION DURING
SECOND OPINIONS

n % of referred patients % of total population
(n=62) (N =173)

Patients referred for consultation 62 36%
Total number of consultations 92 -
Specialties
Gastroenterology 20 32% 12%
Rheumatology i8] 18% 6%
Dermatology 10 16% 6%
Neurology 9 15% 5%
Cardiology 8 1% 5%
General surgery 6 10% 3%
Hematology 6 10% 3%
Anesthesiology 4 7% 2%
Gynaecology 4 7% 2%
Otorhinolaryngology 3 5% 2%
Pulmonology 3 5% 2%
Urology 3 5% 2%
Other* 5 8% 3%
Diagnosis during consultation
Diagnosis chief complaint 6 10% 3%
Additional diagnosis 4 6% 2%

Patients and consultations are presented as number (% of patients in category), with % of total
population (N = 173). A patient may be referred to multiple specialties.
* Other specialties included: ophthalmology (n = 2), cardiothoracic surgery (n = 1), orthopedic surgery

(n = 1) and oncology (n =1).
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CHAPTER 6

ABSTRACT

Background
Inappropriately repeated laboratory testing is a commonly occurring problem.
However, this has not been studied extensively in the outpatient clinic after referral
by general practitioners.

Aim
The aim of this study was to investigate how often laboratory tests ordered by the
y g y y
general practitioner were repeated on referral to the outpatient clinic, and how many

of the normal test results remained normal on repetition.

Design and Setting
This is a post-hoc analysis of a study on laboratory testing strategies in patients newly
referred to the outpatient clinic.

Method
All patients who had a referral letter including laboratory test results ordered by the
general practitioner were included. These results were compared to the laboratory

test results ordered in the outpatient clinic.

Results

Data were available for 295 patients, 191 of which had post-visit testing done. In this
group, 56% of tests ordered by the general practitioner were repeated. Tests with
abnormal results were repeated more frequently than tests with normal results (65%
vs 53%; p < .oo1). A longer test interval was associated with slightly smaller odds of
tests being repeated (OR 0.97 [0.95 — 0.99]; p = .003). Of the tests with normal test
results that were repeated, 90% remained normal. This was independent of testing
interval or testing strategy.

Conclusion
Laboratory tests ordered by the general practitioner are commonly repeated on
referral to the outpatient clinic. The number of test results remaining normal on
repetition suggests a high level of redundancy in laboratory test repetition.
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INTRODUCTION

When patients are referred from general practice to the outpatient clinic, history
taking and physical examination are typically repeated by the physician in the hospital
uncontroversially. However, repeating imaging or laboratory testing is generally
deemed to be wasteful in many cases.’ Inappropriate duplicate testing is a frequently
occurring example of overutilization, with an estimated 21% of overall laboratory tests
being unwarranted.” Ordering unnecessary tests not only leads to increased health
care costs, but can also compromise the diagnostic process by leading to more false
positive results.’ Furthermore, overtesting poses a burden on patients, by subjecting
them to more phlebotomies and potential follow-up testing, and leading to anxiety
about test results.*s

One of the causes of inappropriate repeat testing is unawareness that the test has
already been ordered.” This can occur when the care for patients is being transferred
from one health care provider to another. For example, in transfers between emergency
departments, duplication rates of 32 to 88% have been found.””

Repetition rates for patients being transferred from general practice to the hospital
have been studied less extensively. One study, investigating repetition rates for patients
who were admitted to the medical department of a hospital found that 63% of tests
ordered by the general practitioners in the previous year were repeated on admission.”

For patients referred to the outpatient clinic, there are only data on repetition rates
in patients referred for second opinions, where up to 90% of laboratory tests were
repetitions of tests ordered by the original physician.”** Yet no data are available on
patients newly referred to the outpatient clinic by their general practitioner. Given
the paucity of the data, we performed a post-hoc analysis of a study we performed
on laboratory test strategies in the outpatient clinic.”

The aim of the current study was to determine how often the laboratory tests
ordered by the general practitioner are repeated in the outpatient clinic after referral,
depending on the test, the test result, the test interval and the laboratory test strategy
at the outpatient clinic, and secondarily, how often tests with normal test results
remain normal on repetition, depending on the test, the test interval and the
laboratory test strategy at the outpatient clinic.
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METHODS
Setting and patient selection
This study is a post-hoc analysis of a study investigating the effect of pre-visit
laboratory testing on the time to diagnosis in outpatients.” In this previous study,
patients newly referred to the internal medicine outpatient clinic of the University
Medical Center Utrecht (Umc Utrecht), a tertiary hospital in the Netherlands, were
allocated to either pre-visit or post-visit laboratory testing.

In the pre-visit arm, patients had a standardized panel of laboratory tests done one
hour prior to the first visit to the outpatient clinic, so the test results were available
to the treating physician during the visit. In the post-visit arm, laboratory testing was
done after the first visit at the discretion of the treating physician.

For the current study we included all subjects for whom a referral letter from their
general practitioner was available that included laboratory test results. From these
referral letters all results from laboratory tests including testing dates were collected
by one of the authors (Bv). Data on the laboratory testing done in the outpatient
clinic were already available from the previous study.

Measures
All test results were classified as being either normal (i.e. within the reference range) or
abnormal (i.e. outside of the reference range). For this, we used the reference intervals
of the laboratory of the uMc Utrecht, because the referral letters generally did not
include reference intervals or information on which laboratory had performed the
tests, so the reference intervals could not be obtained.

Both the leukocyte differentiation and the urine screening, which comprise several
different tests, were considered as one test. They were considered to be abnormal if
one or more of the constituent tests were outside the reference range.

In several cases the reference range was adjusted, as for some tests a value below or
above the reference range is generally clinically irrelevant. The lower limit of normal
was removed for the activated partial thromboplastin time (aPTT), C-reactive protein
(CRP), creatinine, erythrocyte sedimentation rate (ESR), hemoglobin A1c (HbA1c),
international normalized ratio (INR), prothrombin time (PT), and urea. The upper
limit of normal was removed for vitamins Bi2 and D.

For every test ordered by the general practitioner, the test interval was calculated
as the time in weeks between the test ordered by the general practitioner and the date
of the first visit to the outpatient clinic.

The laboratory strategy (either pre-visit testing or post-visit testing) was recorded
“as treated”, meaning that all patients were assigned to the laboratory strategy they
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actually underwent in the original study, rather than the strategy to which they were
originally allocated.

Outcomes

The primary outcome was the number of tests ordered by the general practitioner
that were repeated in the outpatient clinic. This was studied in the patients who had
undergone post-visit testing only, because including the group with pre-visit testing
would lead to inflated repetition rates, given that the standardized panels used in
the pre-visit testing group inevitably lead to repeat testing. The secondary outcome
was the number of repeated tests remaining normal on repetition. This was studied
in all patients.

Statistical analysis
The difference in repetition rates for tests with normal versus abnormal test results
was statistically tested using the > test. Odds ratios for tests being repeated and for
normal tests remaining normal on repetition depending on the time interval were
calculated using a logistic mixed-effects model with the individual patients as random
effect. The number of repeated tests and repeats of normal tests per patient were
compared between laboratory testing strategies using the Wilcoxon rank-sum test.
Repetition rates and rates of normal tests remaining normal were also calculated for

the ten most commonly ordered tests. All analyses were performed in R version 4.0.3.”

REsULTS
Baseline characteristics
Of the 594 eligible subjects in the original study, referral letters could be retrieved in
449 cases (76%), 295 of which (66%) included laboratory test results. All 295 subjects
were included in this study. The included patients visited the internal medicine
outpatient clinic between April 2016 and November 2017. The mean age was s2.7
years (95% confidence interval so.5 — 54.8) and 66% were female. Pre-visit testing
was done in 104 subjects and post-visit testing in 191. Baseline characteristics of these
patients are reported in Table 1.
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TABLE I: BASELINE CHARACTERISTICS

Pre-visit testing Post-visit testing

Total (n) 104 191

Age (years) 53.4 (49.7 = 57.1) 52.3(49.6 — 54.9)
Female (n, %) 66 (63%) 129 (68%)
Referral reason* (n)

- abdominal complaints 12 (12%) 23 (129%)

- abnormal laboratory test 16 (15%) 28 (15%)

- anemia 12 (12%) 28 (15%)

- fatigue 37 (36%) 47 (25%)

- lymphadenopathy / suspected malignancy 1 (1%) 8 (4%)

- weight loss 15 (14%) 29 (15%)

- other 24 (23%) 43 (23%)
* Categories are not exclusive.

Rate of repeated tests

In the post-visit testing group, the median number of laboratory tests ordered by
the general practitioner was 14 (interquartile range [IQR] 10 — 18) per patient, of
which 8 (IQR 4 — 11) were repeated in the outpatient clinic. Overall, 1,440 out of
2,587 tests (56%) were repeated. Median time interval was 32 days (IQR 19 — 67). Test
with abnormal results were repeated more frequently than those with normal results
(337/516 (65%) vs. 1,103/2,071 (53%); p < .0o1). A longer test interval was associated with
slightly smaller odds of tests being repeated (OR 0.97 [0.95 — 0.99]; p = .004).

The number of repeated tests per patient for the two different laboratory testing
strategies is reported in Table 2. Pre-visit testing led to more repetitions (median 9.5
[IQR 6 — 13]) compared to post-visit testing (median 8 [IQR 4 — 11]; p < .001).

The ten tests most commonly ordered by the general practitioners are listed in
Table 3. At the top of this list are hemoglobin, mean corpuscular volume and white
blood cell count. With the exception of glucose, the tests most commonly ordered
by the general practitioners are also among the most commonly repeated tests, with
common hematology parameters and creatinine being repeated in over 85% of cases.

Rate of repeated tests remaining normal
Of all tests with normal results that were repeated, 1,678 (90%) remained normal on
repetition. This was independent of the testing interval (OR 0.99 [0.97 — 1.01]; p = .1)
or testing strategy (OR 1.06 [0.73 — 1.53]; p = .76).
The rates of normal test results remaining normal on repetition were even
higher for the most commonly ordered tests: more than 95% of the repeated tests for
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TABLE 2: NUMBER OF REPEATS OF PRIMARY CARE PHYSICIAN’S
TESTS DEPENDING ON LABORATORY TESTING STRATEGY IN THE
OUTPATIENT CLINIC

Pre-visit testing Post-visit testing
(n=104) (n =191)
Tests 125 (8.8 —17) 14 (10 - 18)
Normal results 9.5(6 —14) (8 -14)
Repeats overall 9.5 (6 - 13) 8(4—1) p <.oor
Repeats of normal results 8(3.8 - 10) 5(3-9) p <.oor

Statistically tested using the Wilcoxon rank-sum test.

TABLE 3: MOST COMMONLY ORDERED TESTS WITH REPETITION RATES AND
RATES OF NORMAL TESTS REMAINING NORMAL ON RE-TESTING

Test Tests by Repeats Normal results Normal repeats
primary care on first test remaining normal
physician being repeated
n n (% of total) n (% of normal results) n (% of normal repeats)

Hemoglobin 247 217 (88%) 141 (84%) 134 (95%)

MCV 237 204 (86%) 170 (85%) 163 (96%)

Leukocytes 227 198 (87%) 154 (85%) 136 (88%)

Creatinine 213 185 (87%) 152 (85%) 147 (97%)

ESR 198 151 (76%) 96 (77%) 95 (99%)

TSH 192 141 (73%) 129 (75%) 125 (97%)

Glucose 191 114 (60%) 73 (57%) 57 (78%)

Thrombocytes 188 162 (86%) 142 (85%) 136 (96%)

ALT 164 136 (83%) 111 (80%) 103 (93%)

Leukocyte 156 114 (73%) 106 (72%) 82 (77%)

differential

ALT: alanine transaminase; ESR: erythrocyte sedimentation rate; MCV: mean corpuscular volume;
TSH: thyroid stimulating hormone.
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normal results of hemoglobin, mean corpuscular volume, creatinine, erythrocyte
sedimentation rate, thyroid stimulating hormone and thrombocyte count remained
normal.

The tests with the highest rates of normal test results becoming abnormal on
repetition are shown in Table 4. The urine screening was the only test in which
normal test results became abnormal on repetition in the majority of cases.

TABLE 4: TESTS WITH THE HIGHEST RATES OF NORMAL TEST RESULTS
BECOMING ABNORMAL ON RE-TESTING

Test Normal results being repeated  Normal repeats remaining normal
n (% of normal results) n (% of normal repeats)

Urine screening 14 (82%) 4 (29%)

Creatine kinase 2 (22%) 1(50%)

Iron 3 (14%) 2. (67%)

Cholesterol 4 (6%) 3 (75%)

Reticulocytes 8 (29%) 6 (75%)

Leukocyte differential 106 (72%) 82 (77%)

Potassium 90 (74%) 70 (78%)

Glucose 73 (57%) 57 (78%)

Sodium 83 (75%) 67 (81%)

Ferritin 11 (31%) 9 (82%)

DiscussioN
Summary

This study shows that repeated ordering of tests is common on referral from general
practice, with 56% of tests ordered by the general practitioner being repeated in the
outpatient clinic.

Our study is the first study to specifically investigate the rate of repeating
laboratory tests on referral from the general practitioner to the outpatient clinic.

We found that tests with normal results are repeated only slightly less frequently
than tests with abnormal results. In the majority of cases, tests with normal results
remained normal on repetition, which suggests a high level of redundancy in
laboratory test repetition. This may be especially true for tests such as the erythrocyte
sedimentation rate, thyroid stimulating hormone or creatinine, which are generally
known to be stable over time and subsequently almost never became abnormal on
repetition in our study.
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Strengths and limitations
A strength of our study is that it includes an unselected group of patients with a wide
variety of referral reasons, as the original study included all newly referred patients to
the outpatient clinic, which increases the external validity of the study. Furthermore,
this is the first study we know of investigating laboratory test redundancy on referral
from general practice to the outpatient clinic.

Our study also has several limitations. Firstly, we had no information to determine
why the treating physicians at the outpatient clinic decided to repeat some tests and
consequently, we could not quantify the appropriateness of these repetitions using
retrospective data. Secondly, this study was conducted in a single tertiary center, so
the results may not be applicable to other settings. Finally, our hospital’s reference
ranges were also used for the tests ordered by the primary care physicians in other
laboratories, because those laboratories’ reference ranges were not available. Asa result,

several laboratory tests may have been misclassified as either normal or abnormal.

Comparison with existing literature

The repetition rate found in our study is significantly higher than in a previous Dutch
study which found only 0.5% of laboratory tests to be duplicates when studying data
from patients who had laboratory testing done both at the primary care physician and
at the hospital.” However, in this study the number of duplicate tests was compared
to the total number of tests performed at the hospital’s laboratory, not just the tests
performed in newly referred patients. Furthermore, they only considered tests to be
duplicates if repeated within a seven day time period.

Our results can also be compared to data from studies investigating a similar
question but in a different setting. For example, one study focused on repetitions of
laboratory tests ordered by the primary care physician when patients on admission
to the hospital.” In this study, 300 consecutive patients who had been admitted to
the medical department of a general hospital were included. Their primary care
physicians were asked to provide information on laboratory testing performed in
the previous year. Data were available for 202 patients and showed that 63% of the
tests ordered by the primary care physician in the previous year were repeated on
admission. However, as these patients were admitted to the hospital, there was an
a priori higher chance of the results from the repeated test being abnormal. This
underlines the notion that repetition of a laboratory test does not necessarily mean
redundancy as the patient’s condition might change rapidly.

The definition of whether or not a repeated test is redundant is hampered by the
absence of good data and guidelines as well as reasons related to the psychology of
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both the patient and the doctor. In many cases therefore, tests may not be completely
appropriate or inappropriate, but fall into a grey zone.”

Appropriateness of repeated laboratory test is thus often simplified. For example,
one study simply defined repeat tests as appropriate if the results of the initial tests
were available to the physician ordering the repeat test, on the basis that there must
have been a good reason for repeating.”

Two other studies which have focused on repetition rates on transfer between
hospitals have also investigated the appropriateness of repeat testing, using expert
panels to assess each test separately. They respectively found 63% and 99.5% of
repetitions to be inappropriate.*” We could find no studies on whether or not the
physician requesting the tests thought of these tests of redundant retesting or what
the reasons for the retesting were.

There are several possible causes of inappropriate repeat testing. The physician in the
outpatient clinic may not be aware of the existing data due to insufficient preparation.
This might be due to time constraints, or maybe the referral letter fail to be read because
they are believed to be of poor quality.” Another reason could be that the results from
the first test are not available to the doctor or only in an unsuitable format, such as a
hard copy on paper, or embedded in a referral letter which has been faxed or sent as
a PDF. Furthermore, doctors might distrust the results included in the referral letter
based on biased attitudes towards other laboratories. This might be compounded by
the differences in reference ranges between laboratories, which makes it more difficult
for clinicians to correctly interpret the test result. This can also account for doctors
wanting a baseline measurement in their own electronic patient file for future reference.
Besides these reasons there might also be psychological reasons involved, including the
physician’s risk aversion and the perceived expectations of the patient.”**

Implications for research and/for practice
The high prevalence of repeat testing, a significant proportion of which is likely to
be redundant, provides an important target for improving laboratory test utilization,
which consequently can lead to cost savings and improved patient care, by reducing
the burden of venipunctures and unnecessary follow-up testing.

Possible interventions may consist of making the test results ordered by the general
practitioner more readily available to other health care professionals, for instance by
the coupling of different laboratory information systems, so the electronic medical
records can provide clinicians with an integrated view of all laboratory tests performed
either in the hospital, or elsewhere.” Whether this will actually reduce test repetitions
warrants further study.
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CHAPTER 7

ABSTRACT

Background
To reduce overutilization of laboratory testing many interventions have been tried,
but selecting the most effective intervention for a given setting is challenging. To be
sustainable, interventions need to align with health care providers’ needs and daily
practices. This study aimed to assess the extent of overutilization and the perspectives
of health care providers, which may be used to guide the choice of intervention.

Methods

The extent of inappropriate laboratory testing in internal medicine inpatients was
evaluated using a database. Surveys and focus groups were used to investigate health

care providers’ perceptions on its causes and solutions.

Results

On average, patients had 5.7 laboratory orders done during the first week of admission,
whereas guidelines advise performing laboratory testing no more than twice per week.
Repeat testing of normal test results occurred in up to 85% of patients. The frequency
of laboratory testing was underestimated by survey responders, even though the
majority of responders (78%) thought that laboratory tests are ordered too frequently.
Residents were considered to be most responsible for laboratory test ordering.

The primary causes of overutilization discussed were personal factors, such as a
lack of awareness and knowledge, as well as feelings of insecurity. Regarding possible
solutions, residents generally recommended educational interventions, whereas

specialists tended to favour technical solutions such as lockouts.

Conclusion
Inappropriate laboratory testing is common in internal medicine. The most important
causes are a lack of awareness and knowledge, especially in residents. The intervention
most favoured by residents is education, suggesting educational interventions may

be most applicable.
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INTRODUCTION
Laboratory testing affects up to 70% of downstream treatment decisions.” The
overutilization of laboratory tests is common and some estimate that one out of
every five tests performed is unnecessary.” Inappropriate laboratory test utilization
increases the potential for diagnostic errors when these tests give false-positive or
false-negative results.*# Additionally, given the large volume of laboratory testing,
overutilization leads to substantial costs.”’

The relevance of the issue of overutilization of laboratory tests is increasingly
being recognised, as evidenced by the development of guidelines and campaigns
aimed at reducing inappropriate test utilization. For example, the international
Choosing Wisely campaign has encouraged professional societies to issue guidelines
recommending targeted, deliberate laboratory testing.” However, adherence to
guidelines is often poor.

A systematic review of the literature revealed that many different interventions
to reduce inappropriate testing have been investigated, such as educational methods,
changes in the ordering system, audit and feedback methods.” While all interventions
have been shown to reduce unnecessary laboratory testing initially, evidence on long-
term sustainability is lacking. Additionally, which interventions are most (cost)-
effective is unclear due to the lack of head-to-head comparisons.

At our institution, several small ad hoc initiatives to reduce overutilization have
been undertaken, but these initiatives have not yet lead to any sustainable reduction
of laboratory test utilization. Effective implementation of innovations in health care
requires a systematic approach including an analysis of the target audience and the
context they work in.””

So, when making a considered choice of which intervention to implement,
information on the local practices and attitudes of health care professionals regarding
laboratory testing is required.

In order to effectively implement interventions to increase appropriate laboratory
testing, we investigated the current practice of laboratory testing at our department
of internal medicine, and what health care professionals think about the causes of
the surmised inappropriate test ordering as well as their ideas for potential solutions.
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METHODS
This study comprises three parts. Firstly, we performed a database study to investigate
the appropriateness of laboratory testing. Secondly, we did a survey and thirdly a
series of focus group interviews, both to evaluate health care workers’ attitudes and
perceptions of the barriers and facilitators of appropriate laboratory testing.
This study was deemed to be exempt from review by the Medical Research Ethics
Committee of the University Medical Center Utrecht.

Database stucly
SETTING AND PATIENT POPULATION
For the database study we used data from the internal medicine department of the
University Medical Center Utrecht, a 1,042-bed academic teaching hospital with
about 28,000 clinical and 15,000 day-care hospitalizations and 334,000 outpatient
visits annually.

At our hospital, laboratory tests are generally ordered by residents, who primarily
manage the care for admitted patients. They are supervised by specialists daily. There
are no restrictions on the laboratory tests the physicians can order. Laboratory tests
are ordered through the electronic medical record. All tests have to be ordered
individually: no fixed panels, e.g. sets of tests that are always ordered together, are
used.

The venipunctures are performed by either specially trained laboratory staff or
the nursing staff on the ward.

DATA SOURCE
We collected data on all laboratory requests for patients who had been hospitalised at
the general internal medicine ward between June 2011 and December 2016.

Data were obtained from the Utrecht Patient Oriented Database (UPOD), an
infrastructure of relational databases comprising data on patient characteristics,
hospital discharge diagnoses, medical procedures, medication orders and laboratory
tests for all patients treated at the University Medical Center Utrecht since 2004. The
UPOD data acquisition and management is performed in accordance with current
regulations concerning privacy and ethics. The structure and content of UPOD have
been described in more detail elsewhere.”

DEFINING AND QUANTIFYING INAPPROPRIATE LABORATORY TESTING

Several measures of inappropriate overuse of laboratory testing were determined
through plenary discussions among the authors. These were based on
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recommendations from the Choosing Wisely campaign, such as the Netherlands
Association of Internal Medicine’s recommendation to perform laboratory tests no
more than twice a week in clinically admitted patients,” and the recommendation
of the American Society for Clinical Pathology to perform lipase testing instead of
amylase in suspected pancreatitis,”” and recommended minimal testing intervals.”"
The evaluated measures are presented in Table 1. All analyses were done in R version

3.1.2.

Survey

The survey (Table 2) was developed by consensus through discussions in our team,
comprising four topics: perceptions of the frequency of overall laboratory testing,
perceptions of who are involved in or responsible for the decision to perform
laboratory testing, thoughts on the benefits and harms of laboratory testing, and
thoughts on interventions to reduce excessive laboratory testing.

Invitations to fill out the questionnaire online were sent by e-mail to all nurses,
residents and specialists working in the general internal medicine department of the
University Medical Center Utrecht.

Focus groups

For the focus group participants a purposive sample was recruited from residents and
specialists from the internal medicine department. Potential participants were those
who had worked on the ward within the past six months. They were approached face-
to-face and none declined to participate. The focus groups were organised between
January and May 2018 and were prepared and conducted by three of the investigators
(BV, MtB, and CN; an internist working in the same department as the focus group
participants, a clinical pathologist and a clinical epidemiologist respectively).

The focus group discussions were set up according to the framework developed
by Stalmeijer et al.” To encourage an open discussion, residents and consultants were
included in separate groups, consisting of five to seven people. Prior to the semi-
structured focus groups, a set of questions and topics was prepared based on the
results of the database study and the survey. A summary of the survey results was
presented to the focus group participants at the start of each meeting.

The number of focus groups was determined by the principle of thematic
saturation.

Meetings were scheduled to last for 45 to 60 minutes and were held in a staff
meeting room after working hours. No other people were present.
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Data collection consisted of audio recordings and one of the investigators’ taking
notes.

The transcriptions of the audio recordings were coded by three investigators (CN,
MtB, and BV) independently, using the methods described by Ose.”” A conventional
content analysis was used to analyse the data, meaning that coding categories were
derived directly from the text.” The resulting codes were combined into one coding
system and categorised by one researcher (Bv). The categorization was checked by
the other two coding investigators (CN and mtB). The emerging themes are discussed
and supported by quotations.

REsuULTS
Database stucly

The results of the database study can be found in Table 1. In the study period there
were 3,938 admissions to our ward for 3,122 unique patients. A total of 29,993 lab
orders including 261,859 individual clinical chemistry tests were ordered. The median
length of hospitalization was 4.1 days (interquartile range 1.8 — 8.3). The mean number
of laboratory test orders was 5.7 during the first week of admission, which is well
above the Dutch Society of Internal Medicine’s recommendation to order lab no
more than twice per week. The repeat rate for lab results within normal ranges differs
per test, but is generally high, with sodium, potassium, and bicarbonate having the
highest rates, at over 80%.

Of the 923 admissions via the emergency room who had a c-reactive protein (CRP)
test repeated during admission, 548 patients had (59%) repeat CRP tests performed
within 24 hours, the recommended minimum testing interval.” In 87.8% of repeat
CRPs, no effect on patient management, defined as a change in antibiotic therapy,
was seen.

Combinations of laboratory tests were common: sodium and potassium were
combined in 95% of cases, alanine transaminase (ALT) and aspartate transaminase
(AST) in 97%, lipase and amylase in 74%. Procalcitonin, on the other hand, was
ordered in combination with CRP in only 8% of CRP test orders.
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TABLE I: DATABASE STUDY RESULTS

Measure Result Explanation

Average number of Week 1: 5.7 Per patient the number of lab

laboratory orders per ~ Week 2: 3.2 orders were counted per week of

patient per week Week 3: 3.2 admittance. Lengths of admittance
Week 4: 3.9 was rounded up to the next full

week.

Repetition of normal
test results

Sodium 82% (n = 2,833)
Potassium 85% (n = 3,032)
Bicarbonate 83% (n = 597)
Creatinin 75% (n = 2,142)
Leukocytes 71% (n = 2,463)
GGT 23% (n = 1,513)

ALP 31% (n = 2,530)

ALT 33% (n = 2,919)

AST 34% (n = 2,476)

LD 35% (n = 2,326)

CRP 45% (n =1,257)

The percentage of tests that are
repeated when the test result is
within the reference range.

Time from admission
to repetition of CRP
(n=923)

167 (18%) within 12 hours

381 (41%) 12 — 24 hours

211 (23%) 2.4 — 48 hours

164 (18%) more than 48 hours

For all patients in whom a CRP

is tested in the Emergency
Department and in whom a repeat
CRP test was performed during
hospitalization, the time in hours
between the CRP testing in the
Emergency Department and the
first subsequent CRP testing during
admission.

Percentage of repeated
CRP measurements
that led to changes in
patient management
(n=509)

6.9% start antibiotics

5.1% stop antibiotics

0.2% switch antibiotics
87.8% no effect on antibiotic
treatment

The fraction of repeat CRP tests
that led to initiating, discontinuing
or changing antibiotic therapy
(defined as a new medication order
or a stopping order within 4 hours
of the CRP test).

Inappropriate fixed
combinations of tests

Sodium + potassium 95%
ALT + AST 97%

lipase + amylase 85%

CRP and procalcitonin 8%
Creatinine + BUN 74%

E.g. the fraction of lab orders with
a sodium test that also include a
potassium test

Alab order is defined as a single blood collection and can contain one or several individual laboratory

tests.

ALP: alkaline phosphatase; ALT: alanine transaminase; AST: aspartate transaminase; BUN: blood urea

nitrogen; CRP: C-reactive protein; GGT: gamma glutamyltransferase; LD: lactate dehydrogenase
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Survey

Response rates for the survey were 59% (13/22) for specialists, 14% (10/71) for residents,
and 85% (17/20) for nurses. The survey results are presented in Table 2 and Figure 1. On
average, respondents underestimated the weekly number of laboratory orders, with
nurses’ estimates being the most accurate. The majority of respondents (78%) believed
the frequency of lab ordering is too high. Also, the majority of respondents (78%)
considered the responsibility for orderinglab tests to lie primarily with the residents.

Regarding the benefits and harms of laboratory testing, 52% of respondents were
concerned about the negative consequences of overutilization of laboratory testing
for patients. 36% were concerned about the costs of laboratory testing, while only 5%
claimed to have insight into the costs. The residents’ and specialists’ answers were very
similar for all but two items. First, residents were more likely than specialists to agree
with the statement that frequent laboratory testing helps them to monitor their patients’
condition (70% vs. 18%). Second, residents were less likely than specialists to agree with
the statement that laboratory testing is discussed during supervision (33% vs. 69%).

Focus groups
Three focus group discussions were held: the first two with residents (R) and the third
with specialists (), comprising 15 participants in total. The causes and solutions of
overuse of laboratory testing discussed were divided into three broad categories by the
researchers: personal factors, organizational factors and technical factors and further

categorized in sub-topics (Table 3).

CAUSES: PERSONAL FACTORS

Several personal factors were said to affect inappropriate test ordering. Participants
mentioned a lack of knowledge on laboratory testing in general. As one respondent put
it: “How much work [laboratory testing] is, how much it costs, how much normal results
can fluctuate, things like that, I think we know very little about that. At least I don’t.”
(r8) Residents also noted that improving laboratory ordering is a learning process, in
the sense that their lab ordering skills had improved over time during their residency.
“I do think about it more than before. Now, I try to consider whether I really need to
order everything.” (R4) The specialists confirmed this, stating that a certain amount
of inappropriate testing is acceptable in order to accommodate the residents’ learning
process. One specialist used a metaphor to make his point: “If you let me run the ward,
things will go faster and better. And I accept that we don’t. Because we want to teach ... My
child’s first time on a bike on the road is a hazard for scratches on other cars. But otherwise
they never learn how to ride a bike.” (s1)
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FIGURE 1: SURVEY RESULTS
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TABLE 3: SUMMARY OF FOCUS GROUP RESULTS

Causes Solutions

Personal - lack of knowledge regarding laboratory - creating awareness

factors testing - reflecting on consequences
- overtesting being accepted in the context - conferring with peers

of the residents’ learning curve
- insecurity of the ordering physician
- lack of awareness
- lab testing being considered trivial

Organizational - specialists not providing feedback to - more supervision by specialists
factors residents - feedback on the amounts of

- time constraints testing

- lack of education - feedback and training by

clinical pathologists
- education

Technical - ease of laboratory testing - pop-ups
factors - not being able to cancel orders - automated lock-outs

Participants also said often more tests were being ordered than strictly necessary
due to the ordering physician’s insecurity. As one supervisor said: “Lab testing is often
only done for the doctor’s peace of mind.” (s2.)

The personal factor that was being discussed the most was a lack of awareness
about test ordering. 7 think that it is something you say very easily: ob, let’s do some
labs tomorrow. And you may not be aware that, when it’s the afternoon, tomorrow is
only twelve hours away.” (R9) Another admitted I don’t give it much thought really.
It’s not completely unthinkingly, but to say that it is completely thought through, no.” (R6)

Many participants expressed that they consider overutilization to be a relatively
unimportant issue. “Nothing really can go wrong,” said one participant (R9), and
another considered it “¢oo trivial” (RS).

At the same time, most participants did express concern about the consequences
of inappropriate testing. Most participants were primarily concerned about the
consequences for patients, such as It is a burden to have a venipuncture every day”
(s4) and “We're making them anemic.” (s3), while the financial consequences were
considered to be unimportant. As some participants said: “The costs aren’t that
high.” (s4) and “dding a cRP test costs, I think, only a few enros.” (R6). Yet, these
consequences do not appear to be an important factor in the actual decision-making
on test ordering. As one participant stated: 7 think we don’t have a lot of problems with
it ourselves. It’s more a problem financially and a burden on patients and nurses. But I
don’t think it affects me personally if too many lab tests are done.” (R8)
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CAUSES: ORGANIZATIONAL FACTORS

Participants discussed multiple organizational factors that cause inappropriate test
ordering. The most important factor, according to residents, was a lack of adequate
supervision and feedback from their supervisors on their ordering behaviour and
culture of not questioning which tests a supervisor suggests. For instance: “Very little
attention is paid to lab ordering. Also when I'm being supervised. That is my opinion at
least.” (R7) or “Well, often the supervisor just says to run some tests, and 1 just accept that
without question.” (R3).

Supervisors agreed that they generally did not discuss test ordering with the
residents. As one supervisor stated: “T'he things I check on a detailed level are the things
that make patients live longer or not. But not what lab tests to do tomorrow.” (s1) Time
constraints were mentioned as an important cause of the supervisors not discussing
lab ordering with the residents. As one supervisor said: “Yes, when the supervisor comes
running past, then the resident doesn’t bring up lab tests, I think.” (s2) Not all residents
expressed a desire to be supervised on laboratory testing. As one resident putit: “Lez
me just figure some things out for myself.” (R3).

Both residents and supervisors said there was hardly any formal education on
laboratory testing: “You are totally dependent on your direct supervisor for what you
learn about it.” (R3) Residents also indicated that there is variability between hospitals.
One resident recalled: “7 recently ordered a lipase, but then the gastroenterologist called
me and said: in this hospital, we always combine it with an amylase.” (R3)

CAUSES: TECHNICAL FACTORS

The technical factor that was mentioned most often by participants was the ease of
laboratory testing, both with regards to the ordering as to the actual blood drawing,
especially in patients with intravascular access readily available. “Central venous access
or an intra-arterial line does lower the barrier,” one participant (R1) mentioned. The
digital order form was perceived to be an important facilitator, because of the lack of
any barrier for adding more tests. For instance residents stated that when “Checking
boxes on the lab form, I often go, let’s do this one too, and that one...” (R1) and that“WWhen
you're ordering lab tests, it is easy to just order some more tests.” (R6)

Several of the residents also mentioned the inconvenient process of cancelling
laboratory orders which involves calling the laboratory. “Because you order a test, and
then, later, you think, ob silly goose, let’s cancel it, but then you bave to call. And something
else comes up and you forget to call.” (R2)
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SOLUTIONS: PERSONAL FACTORS

The possible solutions that were discussed parallelled the causes. With respect to
personal factors, most participants argued that creating awareness was essential. As
one participant said: “You bave to think about every single laboratory test ordered.” (s2).
Another said: “It is all about doing things consciously. And that consciousness bas to be
created.” (s3). Reflecting on the consequences of inappropriate testing was thought
to be an effective way to increase awareness: 7 noticed a great difference when, for my
research, I had to do venipunctures myself. Then you notice how much work it is, and what
you're doing to a patient, especially if you have to do a second blood draw.” (R8)

Another way to increase awareness that was mentioned was to confer with peers. For
instance: “When you're unsure, you could ask your fellow resident. We do that sometimes,
but not as often as we could.” (R2). Another resident suggested a weekly evaluation: “On
the ward, there are two or three residents. So, at the end of the week, you ask each other: how
many lab tests did you order and looking back, was it all necessary?” (R6)

SOLUTIONS: ORGANIZATIONAL FACTORS

With regards to organizational factors several possible solutions were discussed. In the
focus groups with residents, the role of the supervisor was discussed at length. Many
residents believed more supervision by the specialists could improve lab ordering
behaviour. As one resident said: “Becoming more aware of the problem only happens when
someone points it out to you.” (R1) There were some concerns about the manner of feedback:
“It bas to be practicable. I mean — I would become rather grouchy if it was hammered home
every day during supervision.” (R3) and “I don’t want to be micro-managed.” (R9)

Residents generally felt that feedback on the volume and appropriateness of testing
performed would stimulate them to be more critical, functioning as “z wake-up call”
(Rs). Both residents and specialists would appreciate feedback and training by clinical
pathologists. For example:

“I believe that would be incredibly useful. Just more background information and
more awareness.” (R8)

“Yes, I think it would be very good if you [clinical pathologists] would be more critical
about when new lab tests are needed and what to order.” (S4)

Residents and specialists had different opinions on the effectiveness of education
in reducing inappropriate testing. Residents were generally favourable. As one put
it: I think education is extremely useful. Just more background knowledge and more
awareness.” (R8). Most specialists were not as convinced that education would lead to
changes in lab ordering behaviour: 7 have the feeling that, in that respect, education
really has zero effect.” (52)
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SOLUTIONS: TECHNICAL FACTORS
Technical solutions that were suggested included pop-up messages and automated
lockouts. Pop-up messages were thought by some to be potentially effective. As one
specialist said: “You might start to think: ob, maybe it’s not necessary.” (s3). However,
most participants were skeptical: “7 don’t think that you will still give [pop-up messages]
much thought if you see them every day.” (R4). Another concern was that pop-up
messages would be “vather annoying” (Rs).

Regarding lockouts, residents and specialists had different opinions. Most
residents were skeptical, saying for instance that “they only increase the work load.”
(r8), whereas specialists were mostly in favour: “With everything that's been tried, also
in other hospitals, if you want this, it only works top down. And apparently, it has to be
done with lockouts, because the other measures don’t work.” (s 4). Still, specialists did not
think that lockouts alone would be a good strategy. “The downside of only applying
restrictions is that you lose the opportunity to actually teach the residents.” (s1).

DiscussioN

While the prevalence of laboratory test overutilization is known to be high,? this study
also showed that clinicians often underestimate the actual extent of overutilization.
We found health care providers to be ambivalent about the problem. On the one
hand, most respondents indicated that they consider overutilization to be a relevant
problem, both in terms of patient safety and financially. On the other hand, however,
most focus group participants admitted to considering the problem relatively trivial
in comparison to other aspects of medical care. Even when physicians profess to find
laboratory test overutilization important, in daily practice they don’t give laboratory
test ordering much thought, citing time constraints.

The most important causes of overutilization, as identified through focus groups,
were personal factors, such as a lack of awareness of overutilization and knowledge
about appropriate testing, and feelings of insecurity. The causes of overutilization
identified by our focus groups are similar to causes found in other studies, such as a
lack of understanding of costs, diagnostic uncertainty, and fear of not having the lab
results when requested by supervisors.”** Fear of malpractice suits, which has also
been found to be a driver of overtesting, could not be identified as such in this study.”

With regards to potential solutions, opinions differed on what would be the most
effective interventions to reduce overtesting. Most residents said they would appreciate
more education and direct feedback on appropriate laboratory test utilization, whereas
most specialists were more in favour of technical solutions, such as lockouts.
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Most survey respondents believed that the residents were most responsible for
laboratory ordering, and therefore, it may be argued that residents should be targeted,
and that the intervention most favoured by them, more education, may be the most
applicable. As many focus group participants stated, clinical pathologists can play
a vital role here.

On the other hand, residents frequently rotate between departments, so
interventions that only target residents may not produce lasting effects. Therefore,
specialists need to be involved and a multifaceted approach that addresses the needs
of both residents and specialists may be warranted. It may be effective to combine
educational measures with automated lockouts, which are relatively easy and
inexpensive to implement, and have the bonus of providing feedback at the moment
of test ordering.’

One of the strengths of this study is that we used multiple research modalities,
including a database study, a survey and focus groups, to look at the topic from
different angles. Also, we included nurses, residents and specialists in this study,
which provides insight from most health care workers involved.

This study has several limitations. First of all, we could not give exact estimates
of the amount of inappropriate lab ordering. Because of the large number of hospital
admissions, it was not feasible to perform a chart review on all individual admissions
to determine whether a test order was actually appropriate or not, but instead we
looked at aggregates of the laboratory test results only.

Also, the question of what constitutes inappropriateness does not have a clear
cut answer.”* Not all of the measures we evaluated are covered by guidelines, and
even when guidelines apply, they do not always provide unambiguous answers.
For instance, in the full text of the Netherlands Association of Internal Medicine’s
recommendation to order laboratory tests no more than twice a week, the phrase
“unless indicated” is added, which begs the question.”

Secondly, this is a single centre study conducted in a large academic hospital.
The results may therefore not be generalisable to other settings, as overutilization of
laboratory tests has been shown to be more common in teaching hospitals than in
general hospitals.”

Thirdly, the response rate of residents in our survey was low. This may have
affected the outcomes, as residents who are more concerned about the harms of
overutilization could be more likely to fill out the questionnaire.

In conclusion, laboratory test overutilization is a common problem with many

causes. The most important causes we found were a lack of awareness and knowledge.
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Interventions to reduce overutilization that were most favoured in our study were
education and automated lock-outs.

This study can be used as a template for others to identify local practices and
causes of inappropriate laboratory test utilization, which can help identify which
interventions are most likely to be successtul.
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GENERAL DISCUSSION

The general aim of this thesis was to investigate current issues with the quality of care
at the crossroads of laboratory medicine and clinical medicine, and how to improve
the value of laboratory testing in this setting.

The rationale for wanting to improve the value of laboratory testing lies in the
increasing strains on health care, which threaten its accessibility, affordability and
quality. Last year, the Dutch health ministry and several parties in the health care
sector in the Netherlands have published the Integrated Healthcare Agreement (1zA)
which aims to address these issues.” One of its goals is to improve the appropriateness
of care. This can be done by reducing low value care, or by increasing the value of
the care that is being provided. When it comes to the diagnostic process, value is
generated by timely and accurate results that are being interpreted promptly and
correctly, and that contribute to patient management, while resulting in a minimum
of incidental findings, and imposing a similarly minimal burden on patients. In the
clinical chemistry literature, this idea has been coined as the right test, using the right
method, at the right time, to the right patient, with the right costs and for producing
the right outcome.?

In this thesis, the focus has been on the following aspects that pertain to the value
of laboratory testing: timeliness, correct interpretation and contribution to patient
management. This general discussion is organized around these aspects, which will
be addressed consecutively with an emphasis on the interplay between clinical and
laboratory medicine. For each aspect, the results of the studies in this thesis will be
discussed, including the implications for future research.

The studies in this thesis focus on internal medicine, as this is a specialty that relies
heavily on laboratory testing, and we looked at three different health care settings:
the emergency department, the ward and the outpatient clinic.

TIMELINESS

The timeliness of laboratory testing refers to the laboratory test results’ being available
when required. When considering the timeliness of laboratory testing, not only do
the laboratory processes need to be taken into account, but rather the entire time
period from the ordering of the laboratory tests to the results’ becoming available to
the clinician who ordered the tests and the clinician acting on them. The timeliness of
laboratory testing is important as shorter turnaround times allows single-visit decision
making in the setting of the outpatient clinic and can shorten the diagnostic process.

The effect of the timeliness of laboratory testing on patient outcomes is explored
in chapters 2 and 4. In chapter 2 the focus is on the timeliness of laboratory testing
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in the emergency department. We found that a shorter laboratory turnaround time
and a shorter time to testing (defined as the time between arrival in the emergency
department and the ordering of laboratory testing) were associated with shorter
emergency department length of stay.

Similar results have been found in two other studies.»* The laboratory turnaround
times in these studies were longer than in ours: for instance, in the study by Li et
al. the median turnaround time was 58 minutes, but they only included the time
from the sample’s arriving at the laboratory. In our study, the median turnaround
time from the sample’s arriving at the laboratory was 32 minutes. This suggests that
improving the timeliness of laboratory testing is beneficial even if turnaround times
are already relatively short.

Turnaround times are not the most important drivers of extended emergency
department length of stay, but they are an interesting target nonetheless, because
they are modifiable, as opposed to other factors such as patients’ acuity level - We
found that on average, turnaround times were 10.9 and 14.4 minutes shorter during
the evenings and nights when compared to office hours.

The association between laboratory turnaround time and emergency department
length of stay can in part be explained through confounding. The most obvious
confounder is that patients who have a higher acuity and complexity on the one
hand will have more elaborate laboratory testing done with more abnormal test
results, and consequently longer turnaround times, and on the other hand will have
longer emergency department length of stay, because they need more comprehensive
treatments and consultations. In our study we tried to correct for these confounders
by firstly only including patients for whom a fixed set of laboratory tests had been
performed, and secondly by including acuity measures into the regression model.

Prospective studies or an interrupted time series design, which suffer less from
confounding, may be better equipped to answer the question of causality.’ Future
studies should also focus on whether interventions to improve laboratory turnaround
time actually improve clinical outcomes for patients other than just lead to shorter
emergency department length of stay.

The consensus in laboratory medicine is that turnaround times for the emergency
department should be less than one hour.”* One way to reduce turnaround times,
which was not addressed in this thesis but may still be of interest to this discussion,
is through point-of-care testing. This entails the performance of laboratory tests at
or in the direct vicinity of the patient’s bedside.” Studies investigating the effect of
point-of-care testing in the emergency department that have used measures such as
admission rates and lengths of stay have shown conflicting results.”** This may be
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due to the fact that in most studies, point-of-care testing was only available for a
limited number of tests and consequently, a large number of patients still required
additional laboratory testing from the central laboratory. In recent years, point-of-
care testing has become available for an increasing number of tests. Studies that have
evaluated comprehensive point-of-care testing in the emergency department have
shown reductions in emergency department length of stay.”*

The most important barriers that impede the widespread use of point-of-care
testing are the higher costs per test and concerns about the test accuracy, due to both
the performance of the point-of-care devices themselves and their use by relatively
untrained staff.”* Future research should focus on addressing these implementation
issues, for instance by identifying patients most likely to benefit from shorter
turnaround times, and by determining what training could aid staff to better operate
the point-of-care devices.

Besides through implementing point-of-care testing, reductions in turnaround
times can also be achieved by innovations in the central laboratory. Many medical
laboratories have increasingly automated their work processes, for instance through
installing robot track systems for transport of samples or establishing auto-
verification procedures to check out-of-range results. This has been shown to lead
to shorter turnaround times.”* Consequently, the increased speed of the laboratory
processes has obviated the need to differentiate between regular and stat testing, as
all turnaround times are short enough.”

In our own hospital, stat testing has already been abolished since 2014, as a
consequence of the improved turnaround time of regular laboratory testing, with
> 95% of routine laboratory test results’ being reported within 1 hour. These shorter
turnaround times enabled us to re-evaluate the diagnostic process in the outpatient
clinic. If the turnaround time is short enough, patients can have blood tests done prior
to their visit to the physician with an acceptable waiting time, rather than having to
return to hear the laboratory test results on a separate occasion or come to the hospital
for a phlebotomy in the days before their appointment. This could lead to a shorter
time to diagnosis and fewer visits to the hospital, both of which would be beneficial
from the patients’ perspective. Whether this testing strategy would indeed lead to
these improvements in patient care was studied in the POORT (Patient Outcomes Of
Rapid Testing) study, which is covered in chapter 4.

The study population of the POORT study consisted of patients newly referred to
the internal medicine outpatient clinic of our hospital, who were assigned to one of
two groups. The first group had laboratory testing done directly prior to their visit
to the outpatient clinic, so that the test results were available to the clinician during
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the first visit. As the patients had not been seen by a physician yet, they all received
the same comprehensive set of laboratory tests. The other group received standard
care, which meant that they had laboratory tests done on request after the visit to
the physician.

We found no differences in the primary outcome, which was the overall time to
diagnosis, or in the median number of visits to the outpatient clinic, but in the pre-
visit testing group, the chance of making a correct diagnosis during the first visit was
increased, with a number needed to test of 15. This suggests that a pre-visit testing
strategy is only effective in relatively simple cases that only rely on laboratory testing
for their diagnosis, whereas more complicated cases require more extensive diagnostics
such as imaging. Another possibility is that the standard pre-visit laboratory test panel
was inadequate. This is supported by the fact that additional laboratory testing was
ordered in 66% of patients in the pre-visit testing group. The most frequently added
tests were ferritin, vitamin Bi2, and folic acid, suggesting diagnostic workups for
anemia.

Something we have not addressed in our study is whether a reduced time to
diagnosis would improve patients’ outcomes. Although early recognition is associated
with improved survival for time-sensitive conditions such as sepsis or myocardial
infarction,”*’ this remains an open question for the outpatient clinic. So, any future
study on interventions that manage to reduce the time to diagnosis in the outpatient
clinic should include evaluations of the effects on clinical outcomes.

Other potentially interesting patient outcomes are patient satisfaction, anxiety and
resolution of symptoms. Even though we found no differences in patient satisfaction
between the two groups, we did find that more than 90% of the patients preferred to
get a diagnosis on the first day. This implies that pre-visit testing, which increased the
chance of a diagnosis during the first visit, can add value for patients, even if overall
the number of outpatient clinic visits did not differ.

Given the high rate of patients who received additional testing in the pre-visit
testing group, a possible improvement could be to extend the standard test panel.
However, this would bring about increased costs and more false positive test results,
which might lead to additional downstream overtesting. A more promising strategy
might be to individualize the laboratory panels based on the referral reason, or on
the laboratory test results already ordered by the referring general practitioner. This
process might be automated using artificial intelligence relying on big data and with
access to all of patient’s previous test results.” Future research is needed to see whether
such automated test ordering will outperform clinicians and whether this actually
leads to improved patient outcomes.
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One thing to keep in mind when implementing pre-visit laboratory testing, is
the risk of premature closure, which occurs when health care professionals make a
diagnosis before sufficient information has been collected and plausible alternatives
have been ruled out.”’ If the physician has access to the laboratory test results before
they meet with the patient, the test results could push them in a certain direction
and cause them to miss certain cues from the history.

CORRECT INTERPRETATION
Laboratory tests need to be interpreted correctly if they are to have value for patients.
As described in the Introduction, clinicians frequently experience difficulty when
interpreting test results. This can lead to treatment delay and diagnostic errors.”** Up
to 44% of diagnostic errors have been reported to be caused by errors in laboratory
testing.”

Several potential solutions have been proposed. One of those is the so-called
diagnostic management team: a team of both clinicians and pathologists, centered
around a particular diagnostic problem.”” Such teams are in line with the 2015
recommendation from the National Academy of Medicine in the United States that
diagnostic processes be set up as interprofessional collaboratorive efforts between
health care providers from different backgrounds.

The idea is that in a diagnostic management team, clinicians and clinical chemists
can communicate and confer more easily, which leads to improved test selection and
result interpretation. Of course, some of the benefits of cross-fertilization between
clinicians and clinical chemists could also be reaped through other ways than a formal
diagnostic management team, for instance through presence of clinical chemists
during morning handovers or grand rounds.

In the studies that have evaluated diagnostic management teams, the focus has
been exclusively on improved test selection.”* While these studies have shown
positive results, the effect of diagnostic management teams on result interpretation
remains largely unknown. Also, these studies have not reported on the operating
costs of such diagnostic management teams.

A perhaps more promising solution lies in digitalization, through artificial
intelligence and decision support. The effects of decision support systems on
diagnosis have not been studied extensively, and the studies performed so far have
shown inconsistent results.”*”” Even now, ChatGPT can answer 90% of the questions
of the United States Medical Licencing Exam correctly’* However, in interpreting
laboratory test results, ChatGPT was recently found to perform rather poorly.” In
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any case, the field of artificial intelligence is evolving rapidly and artificial intelligence
systems specifically designed for medical diagnosis are just around the corner.

Laboratory medicine has been at the forefront of digitalization in health care,
which is unsurprising, given that it is a heavily data-driven specialty.”># Artificial
intelligence uses techniques such as data mining and machine learning to produce
complex algorithms that can process data more efficiently.”»# Thus, we can make
better use of data that are already available.

An example of how the diagnostic value of laboratory data can be improved through
machine learning is given in chapter 3, in which we use data from the cerz-pyn
Sapphire hematology analyzer which is used in the University Medical Center Utrecht
(umc Utrecht). Almost two decades ago a research group was started at the umc
Utrecht, focusing on investigating hematological parameters as biomarkers for better
diagnosis, prediction and monitoring of diseases. To this end, a relational database
system, the Utrecht Patient Oriented Database (UPOD) was established, in which all
hematology data from hematology analyzers are linked to other clinical patient data.**

Like other modern hematology analyzers, the cELL-DYN Sapphire analyzer
measures a variety of cell characteristics regarding their size and shape, besides just
the cell counts. It provides approximately 8o parameters, which are normally not
reported. We evaluated the diagnostic potential of these hematological parameters for
the diagnosis of immune related adverse effects (irAE) caused by immune checkpoint
inhibitors. This relatively new group of drugs is used in the treatment of various
cancers, generally with high success rates, but at the cost of sometimes serious side
effects. Differentiating these immune related adverse effects from other conditions,
such as progression of cancer or intercurrent infections, can be challenging.

Using novel statistical methods and machine learning we could identify variables
that are associated with irAE. We found that the eosinophil count, the red blood
cell count measured with impedance, the coefficient of variance of the neutrophil
depolarization and the red blood cell distribution width have added value beyond the
judgment of the treating physician in determining whether irAE is present.

These hematological parameters have already been researched in prognostic
research, for instance in predicting cardiovascular disease and overall mortality,*#
where they have shown modest, but consistent improvement in diagnostic accuracy
on top of other clinical parameters. It is likely that there are more areas of diagnostic
uncertainty where these parameters can be of value. Future research should focus on
identifying these areas.

Rather than only using previous laboratory test results as input, which is frought
with pitfalls such as data missing not at random, and a lack of clinical context,* future
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applications of artificial intelligence systems should integrate laboratory data with
other health care data. Decision support systems that incorporate laboratory results
have already been developed, but their scope has been limited, and external validation
has often been lacking.#*” Research should focus on the further development of
decision support systems based on big data, to aid clinicians in the diagnosis and
management of patients.

Decision support systems might also benefit from the analysis of trends in
laboratory values within patients rather than comparisons between patients. Just like
trends in vital parameters have been shown to improve the early detection of clinical
deterioration,” trends in laboratory values might allow for the earlier detection of
changes in patients’ conditions.

An important issue is how such decision support systems will be used by health
care providers. A lack of trust in decision support systems has been identified as
a barrier against their implementation.”” Furthermore, some clinicians feel that
decision support systems reduce their professional autonomy and may introduce
medico-legal issues.” If the diagnosis made by an AT system proves to be incorrect,
who is responsible: the treating physician, the institution where they work or the
software developer? Furthermore, the development of artificial intelligence using
big data raises important questions about privacy. Most applications are controlled
by commercial parties. Rigorous government oversight will be necessary to protect
patients’ rights.** Many more uncertainties remain about how the advances in A1 will
affect health care. In any case, health care professionals will need to be educated and

involved to ensure a responsible development and implementation.’™*

CONTRIBUTION TO PATIENT MANAGEMENT
Laboratory testing has several roles in patient management: to make diagnoses, to
screen for disease, to follow-up on chronic conditions and to monitor treatment.
To what extent laboratory tests contribute to patient management depends on
multiple factors, such as the timeliness and interpretation as mentioned above, but
also whether the tests themselves are indicated. In this section the focus is on the
diagnostic value of the tests themselves. Ordering tests that do not contribute to
patient management is called overtesting. Over the past decades, cost awareness
has been increasing, and this has led to many initiatives to reduce overtesting,
such as the global Choosing Wisely campaign, and the national deimplementation
programme “Doen of Laten” (To Do Or Not To Do) in the Netherlands”* It has
been estimated that overtesting makes up 20% of all performed tests.” Overtesting

171



CHAPTER 8

can be divided into two categories: inappropriate initial testing and inappropriate
repeat testing. The latter refers to repeating a laboratory test at a higher frequency
than warranted.”

In chapter 6 the focus was on a particular example of overtesting: inappropriate
repeat testing on referral from general practice to the outpatient clinic, which is
covered only scantly in the literature. We performed a post-hoc analysis of the POORT
study mentioned in chapter 4, comparing the laboratory tests ordered by the general
practitioner (as indicated in the referral letter) and the laboratory tests ordered by the
physician in the outpatient clinic. In the POORT-study, pre-visit testing was compared
with postvisit testing. The pre-visit testing group used a standardized laboratory test
panel, and therefore we mostly used data from the post-visit group only. We found
that overall, 6% of tests were repeated, and that the majority of repetitions yielded
no new information: of the 80% of tests with normal results when ordered by the
general practitioner, 90% remained normal on repetition. This suggests that a large
proportion of these test repetitions were redundant and thus did not contribute to
patient management. This is in line with the findings from previous studies, which
found 63 to 99.5% of repetitions to be inappropriate.”*

In this retrospective study we did not have information on the reasons for the
repetitions, so we could not quantify exactly how many of the repeated tests were
inappropriate. This also reflects the more fundamental issue that there are few
hard criteria for the appropriateness of laboratory testing. Several studies have used
arbitrary cut-offs or expert panels whose interpretation may be hindered by hindsight
bias and interobserver variability, suggested by a kappa of 0.57 on the appropriateness
of laboratory test repetitions in one study.” In reality, the appropriateness of a
laboratory test may not be a dichotomous measure, but rather a broad spectrum.”
Nevertheless, it is evident that overutilization is highly common, notwithstanding
the caveats regarding the precise amount.

Another example of laboratory test overutilization can be found in chapter
5, in which we report the outcomes of a retrospective study on second opinions
in internal medicine. In this study, a new diagnosis was established in only 13% of
patients. We found that many investigations that had been performed by the first
physician were repeated during the second opinion. Laboratory tests in particular
were often repeated: 89% of the laboratory testing ordered during the second opinion
constituted repetitions. In only 4% of cases did the laboratory testing performed
during the second opinion contribute to the diagnosis, suggesting a large rate of
redundancy. This is in line with the results from a previous study, which found 86
— 90% of laboratory tests to be repeated during second opinions.*
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The reason for this inappropriate repeat testing on referral may well lie in a
failure to read the information in the referral letter, which may be thought to be
of poor quality or available only in an unsuitable format.” Ideally, all laboratory
tests should be integrally available to the clinician, regardless of where these tests
were performed.” This requires integration of electronic health records between
different health care providers. In the Dutch Integrated Healthcare Agreement (1zA),
digital data exchange has been identified as a conditio sine qua non for successful
cooperation between primary and secondary care.’ By 2025, every person in the
Netherlands should have digital access to their own health care data, to be easily
shared with health care providers. When combining laboratory data from different
laboratories, it is important to consider automated measures to reduce inappropriate
testing, such as automated lockouts. In a setting where patients have laboratory tests
performed in different laboratories, such measures need to operate across laboratory
information systems to function efficiently.

Given the increasing strains on health care accessibility, as identified in the
Integrated Healthcare Agreement (124), second opinions need to be performed more
efficiently. Apart from improving the accessibility of laboratory test results and other
patient data, possible solutions, which warrant further investigation, could be online
second opinions or peer-to-peer consultations.”

A large number of measures aimed at reducing overutilization have been
investigated.”®” There have been no head to head comparisons and data on long-
term efficacy of these measures are mostly lacking. The success of a measure most
likely relies on the local context and on whether it addresses the underlying causes.”
Therefore, in chapter 7, we investigated the local practices of test overutilization,
and its perceived causes in our local department of internal medicine, through a
questionnaire and focus group interviews.

We found the prevalence of overtesting to be underestimated by physicians:
residents’ estimate of the weekly number of laboratory test orders was 49% lower
than the actual incidence. Several different causes of overtesting were identified in
the focus groups, which were in line with the results from other studies and included
time constraints and personal factors as a lack of awareness and knowledge about
appropriate testing and aversion to undertesting.”” Residents were considered
to be most responsible for laboratory test ordering. Arguably, measures to reduce
overtesting should focus on residents.

In the focus groups, residents generally favoured educational measures to reduce
overtesting. This can be done by supervisors, but also by clinical pathologists, for
instance in diagnostic management teams as mentioned earlier.”* Technical solutions,
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such as automated lockouts, which were favoured by specialists in our survey, can also
serve an educational purpose, if they provide feedback on why certain tests are locked
out. Rather than educating physicians, a different approach to improve the efficiency
of laboratory test ordering could be to use artificial intelligence to aid in the selection
of the appropriate laboratory tests. Preliminary results have been promising, but the
clinical application, including its acceptance by clinicians remains a topic for further
study.”” Arguably, the successful implementation of any intervention requires close
collaboration between committed clinicians and pathologists.”*””

CONCLUSION

The value of laboratory diagnostics can be enhanced through shorter turnaround
times and support in the selection and interpretation of tests, as demonstrated in this
thesis. The need for improvements in the diagnostic process is made more acute by
the perfect storm facing health care today, with an increased demand due to an ageing
population and increased technical possibilities, and constraints on staffing”*” This
challenge can only be met by increased automation and digitalization.” Furthermore,
integration of health care data across different platforms and collaboration between all
health care providers involved are a requisite. The application of artificial intelligence
in health care, while still in its infancy, is expanding rapidly and perhaps it can play a
defining role in improving laboratory diagnostics. Applications that were suggested in
this Discussion include selecting which tests to order, and interpreting the test results,
using big data and previous test results for the patient in question. When evaluating
the value of such decision support systems, the important question is to what extent
they promote outcomes for patients. For therein lies the true value of diagnostics.
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NEDERLANDSE SAMENVATTING
Laboratoriumonderzoek speelt een belangrijke rol in de geneeskunde, niet alleen
bij het stellen van diagnoses, maar ook bij de follow-up van aandoeningen en het
monitoren van behandelingen. Het wordt geschat dat 70% van de beslissingen in de
geneeskunde tenminste deels berust op laboratoriumonderzoek.

Laboratoriumonderzoek gaat ook gepaard met kosten en een belasting voor
de patiént. Die belasting betreft niet alleen het ongemak van de bloedafname,
maar ook mogelijk bloedarmoede door herhaalde bloedafnames en invasieve
vervolgonderzoeken als gevolg van afwijkende uitslagen. De financiéle kosten per
test zijn in de regel laag: in Nederland liggen de prijzen van de meeste testen rond
€1,00. Maar het is het enorme aantal testen dat de kosten hoog maakt. Zo worden in
de Verenigde Staten meer dan 12 miljard testen per jaar verricht.

Door de stijgende zorgkosten wordt er ook kritischer gekeken naar
laboratoriumonderzoek en wordt er geprobeerd om de doelmatigheid ervan te
vergroten. Het is bekend dat ongeveer 20% van alle laboratoriumonderzoek overbodig
is en niet bijdraagt aan de gezondheid van patiénten. Het terugdringen van overbodig
laboratoriumonderzoek heeft daarom de laatste jaren steeds meer aandacht gekregen.

Maar er zijn meer zaken waar de doelmatigheid van laboratoriumonderzoek
van afhangt. De resultaten van het laboratoriumonderzoek moeten snel
beschikbaar zijn voor de behandelend arts, zodat er sneller op gehandeld kan
worden. In meerdere situaties is aangetoond dat een snellere diagnose leidt tot
betere gezondheidsuitkomsten. Daarnaast is het belangrijk dat testresultaten
juist geinterpreteerd worden. Dit blijkt in de praktijk soms best lastig. Zo wordt
bijvoorbeeld 28% van de toxicologische screeningstesten verkeerd geinterpreteerd
door de aanvragend arts.

Dit proefschrift bevat meerdere onderzoecken naar de doelmatigheid van
laboratoriumonderzoek, gekeken vanuit het perspectief van de interne geneeskunde.
Dit is een medisch specialisme dat sterk leunt op laboratoriumonderzoek. De
onderzoeken zijn gesitueerd op de spoedeisende hulp (sEH), de polikliniek interne
geneeskunde en de verpleegafdeling interne geneeskunde van het umc Utrecht.

Hoofdstuk 1 bevat de introductie van het proefschrift, waarin bovengenoemde
zaken uitgebreider besproken worden.

Hoofdstuk 2 beschrijft de resultaten van een studie naar het effect van doorlooptijden
van laboratoriumonderzoek op de ligduur van patiénten op de SEH. Lange ligduren
op de SEH zijn onwenselijk, niet alleen omdat ze patiéntonvriendelijk zijn, maar
ook omdat ze leiden tot slechtere gezondheidsuitkomsten. Een mogelijke oorzaak
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van lange ligduren op de SEH is de doorlooptijd van het laboratoriumonderzoek.
Met de doorlooptijd wordt de tijd bedoeld tussen het aanvragen van het
laboratoriumonderzoek tot het moment dat de resultaten bekend worden.

In deze studie hebben we 23.718 SEH-bezoeken tussen 2017 en 2020 meegenomen
van patiénten bij wie een standaard set aan laboratoriumonderzoek is verricht. Per
sEH-bezoek werden onder meer de doorlooptijd van het laboratoriumonderzoek en
de ligduur van patiént op de SEH berekend. Het effect van de doorlooptijd op de
ligduur werd bepaald door middel van een model waarbij werd gecorrigeerd voor
andere mogelijke oorzaken van een langere ligduur, zoals de ernst van de klacht en
het tijdstip van de dag.

We vonden dat de mediane ligduur van patiénten op de SEH 199 minuten bedroeg.
De mediane doorlooptijd van het laboratoriumonderzoek was s1 minuten en deze
bleek inderdaad geassocieerd met de ligduur op de sEH. Voor elke minuut dat de
doorlooptijd van het laboratoriumonderzoek langer duurde, was de ligduur op de
SEH 19 seconden langer.

Dat lijkt misschien maar een klein verschil, maar toch kan het wel uitmaken. De
doorlooptijden die wij vonden zijn namelijk beduidend lager dan in andere studies.
Verder zagen we in onze studie dat de doorlooptijd van het laboratorium ’s avonds en
’s nachts 11 respectievelijk 14 minuten korter was dan overdag, wat suggereert dat er
overdag nog winst te behalen valt in de doorlooptijd van het laboratorium.

In hoofdstuk 3 wordt een mogelijke diagnostische toepassing onderzocht van
bepaalde hematologische laboratoriumwaarden. Als er hematologisch onderzoek
wordt verricht, worden door de analyzer veel meer laboratoriumwaarden bepaald
dan wat er is aangevraagd. Het gaat om ongeveer 8o waarden die normaliter niet
worden gerapporteerd, maar wel worden opgeslagen in het informatiesysteem van het
laboratorium. In eerder onderzocek is al aangetoond dat deze hematologische waarden
de kans op overlijden kunnen voorspellen bij SEH-patiénten.

In deze studie is gekeken naar de diagnostische waarde van deze hematologische
waarden bij patiénten die behandeld worden met checkpoint-remmers. Deze relatief
nieuwe medicijnen zijn zeer effectief tegen meerdere vormen van kanker, maar
kunnen gepaard gaan met ernstige auto-immuun-bijwerkingen. Deze bijwerkingen
zijn soms lastig om te onderscheiden van andere aandoeningen en betere diagnostische
mogelijkheden zijn daarom gewenst.

Voor dit onderzoek zijn de gegevens gebruikt van 409 SEH-bezoeken van patiénten
die met checkpointremmers worden behandeld. Er zijn twee diagnostische modellen
gemaakt: een basis-model waarin alleen de voorlopige diagnose van de arts op de
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SEH, de leeftijd en het geslacht zijn meegenomen en een uitgebreid model. Dit
uitgebreide model is vastgesteld door middel van machine learning, waarmee uit
de onderdelen van het basis-model en de hematologische waarden vijf relevante
parameters zijn gekozen. Dit zijn de voorlopige diagnose van de arts op de SEH en
vier hematologische waarden: het aantal eosinofielen, het aantal rode bloedcellen
gemeten d.m.v. impedantie, de variatiecoéfficiént van de neutrofielendepolarisatie,
en de spreiding van de grootte van de rode bloedcellen.

We vonden dat het uitgebreide model beter onderscheid maakte tussen patiénten
met en zonder auto-immuuntoxiciteit dan het basis-model. De maat waarin dit verschil
wordt uitgedrukt is de oppervlakte onder de “receiver operating characteristic” (ROC)-
curve. De oppervlakte onder de RoC-curve van het basis-model was 0,67 en van het
uitgebreide model 0,79. Dat betekent dat de vier hematologische waarden uit het
uitgebreide model diagnostische waarde hebben bovenop de voorlopige diagnose
van de arts. Deze resultaten moeten nog verder bestudeerd worden voordat ze in
de praktijk kunnen worden toegepast, maar ze bieden wel een mogelijke inkijk in
hoe auto-immuunbijwerkingen bij checkpointremmers ontstaan. Mogelijk zijn deze
hematologische waarden ook te gebruiken in de diagnostiek van andere aandoeningen.

Hoofdstuk 4 gaat over de POORT-studie. Dit is een studie die is voortgekomen uit de
verbetering van de doorlooptijden van het laboratorium, waardoor in meer dan 95%
van de gevallen de uitslag van het laboratoriumonderzoek binnen één uur bekend is.
Hierdoor kunnen patiénten die naar de polikliniek komen direct voorafgaand aan
hun bezoek bloed laten prikken waarbij de resultaten bekend zijn tijdens het bezoek
aan de arts.

We hebben onderzocht of deze werkwijze ertoe leidt dat artsen er minder lang
over doen om de juiste diagnose te stellen. Hiervoor hebben we alle nieuwe patiénten
op de polikliniek interne geneeskunde in twee groepen verdeeld: een groep bij wie
van tevoren een standaard set laboratoriumonderzoek werd verricht zoals hierboven
beschreven en een groep bij wie dat niet gebeurde. Bij hen besloot de arts tijdens het
bezoek welk laboratoriumonderzoek nodig was en werd dat onderzoek dus pas na
afloop verricht. Daardoor kon dus pas iets gedaan worden met de resultaten tijdens
een volgend bezoek aan de polikliniek.

Er bleek geen verschil te zijn in de tijd tot het stellen van de diagnose: in beide
groepen duurde dat gemiddeld 35 dagen. Ook het aantal bezoeken aan de polikliniek
verschilde niet. Wel zagen we dat in de groep met van tevoren laboratoriumonderzoek
bij 10% van de patiénten al tijdens het eerste bezoek een diagnose gesteld werd, terwijl
datin de groep met laboratoriumonderzoek achterat maar bij 3% was.
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Waardoor de verschillen tussen de groepen zo klein zijn, kan door deze studie
niet bepaald worden. Mogelijk speelt laboratoriumonderzoek niet zo’n belangrijke
rol bij het stellen van de diagnose. Een andere mogelijke verklaring is dat het
laboratoriumonderzoek dat van tevoren werd verricht niet volledig was: zo vonden
we dat in 66% van de gevallen waarin van tevoren laboratoriumonderzoek werd
verricht, na afloop van het bezoek nog extra testen werden aangevraagd.

Hoofdstuk s beschijft een onderzoek naar de uitkomsten van second opinions. Een
second opinion is een nieuwe beoordeling van een klacht of behandeling door een
andere, onafhankelijke arts. Second opinions vinden meestal plaats omdat de eerste
dokter geen diagnose kon stellen of als er geen effectieve behandeling wordt gegeven.
Eerdere onderzoeken naar de opbrengst van second opinions laten sterk wisselende
getallen zien. Binnen de interne geneeskunde zijn er sowieso maar weinig studies
verricht. Daarom hebben wij in dit onderzoek gekeken naar de opbrengst en de
kosten van second opinions in de interne geneeskunde.

We hadden gegevens van 173 patiénten. In 13% van de gevallen werd een nieuwe
diagnose gesteld en in 56% van de gevallen werd een nieuwe behandeling gestart.
Ongeacht behandeling werd in 28% van de patiénten verbetering van de klachten
gezien. Bij de second opinions werd veel aanvullend onderzoek verricht. Zo
onderging 89% van de patiénten laboratoriumonderzoek en 49% van de patiénten
beeldvormend onderzock, meestal rontgenfoto’s. Een groot deel hiervan, tot wel 89%,
betrof herhalingen van onderzoek dat al door de eerste arts was uitgevoerd. Slechts in
een minderheid van de gevallen leidde dit herhaalonderzoek tot een nieuwe diagnose.

Hoewel second opinions dus van waarde zijn voor een aanzienlijk deel van de
patiénten, suggereert het grote aantal niet-bijdragende herhalingen van aanvullend
onderzoek dat de manier waarop second opinions worden uitgevoerd verbeterd kan

worden.

Overbodige herhalingen van laboratoriumonderzoek zijn ook het onderwerp van
hoofdstuk 6. Daarin is gekeken naar hoe vaak laboratoriumonderzoek dat door
de huisarts is verricht later in het ziekenhuis herhaald wordt. We hebben hiervoor
gebruik gemaakt van de verwijsbrieven van de patiénten uit de POORT-studie
(hoofdstuk 4). In 66% van de verwijsbrieven in deze studie had de huisarts de
verrichte onderzoeken gerapporteerd. Voor het aantal herhalingen is alleen gebruik
gemaakt van de patiénten uit de studie-arm waarin het laboratoriumonderzoek
achteraf plaatsvond. In de andere studie-arm werd namelijk een standaard set testen

bepaald.
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Het mediane aantal testen dat in de huisartsenbrief was vermeld was 14, waarvan
er 8 werden herhaald op de polikliniek. Gemiddeld genomen betrof het 56% van
alle laboratoriumonderzoeken van de huisarts. Testen met normale uitslagen werden
iets minder vaak herhaald dan testen met afwijkende uitslagen. Van alle testen
met normale uitslagen bleef meer dan 90% normaal bij herhaling. Voor de meest
gebruikelijke testen was dat percentage nog hoger.

Dit alles suggereert dat een groot deel van de herhalingen van het
laboratoriumonderzoek van de huisarts overbodig is. Dit gaat gepaard met overbodige
kosten en ongemak voor de patiént. Waarom de artsen op de polikliniek dit overbodige
onderzoek aanvragen kan op basis van deze studie niet beantwoord worden. Het is
in elk geval niet zo dat de artsen op de polikliniek geen beschikking hadden over de

uitslag: ze stonden immers in de verwijsbrief.

Hoofdstuk 7 is opnieuw een studie naar overbodig laboratoriumonderzoek, maar
dan op de verpleegafdeling. Dit onderzoek bestaat uit verschillende onderdelen.
Ten eerste hebben we op basis van database-onderzoek geinventariseerd hoeveel
overbodig laboratoriumonderzoek er plaatsvindt bij opgenomen patiénten, en ten
tweede hebben we onderzocht hoe artsen en verpleegkundigen hiertegen aankijken.
Voor dat laatste hebben we een vragenlijst uitgezet en focusgroepgesprekken gevoerd.

Aan de hand van landelijke en internationale richtlijnen hebben we een aantal
voorbeelden van overbodig laboratoriumonderzoek opgesteld. Zo is er bijvoorbeeld
een landelijke richtlijn die stelt dat bij opgenomen patiénten in principe niet vaker dan
twee keer per week laboratoriumonderzoek moet worden aangevraagd. Wij vonden
dat het in werkelijkheid gemiddeld s,7 keer per week gebeurde.

Zowel artsen als verpleegkundigen onderschatten de hoeveelheid laborato-
riumonderzoek, en nog steeds vond 78% van degenen die de vragenlijst hadden
ingevuld dat er te veel laboratoriumonderzoek werd verricht. De consensus was
dat de arts-assistenten het meest verantwoordelijk zijn voor het aanvragen van
laboratoriumonderzoek op de afdeling.

Uit de focusgroepgesprekken kwam naar voren dat artsen een ambivalente
houding hebben ten aanzien van overmatig laboratoriumonderzoek: aan de ene
kant vinden ze het een relevant probleem, maar aan de andere kant geven ze het
maar weinig aandacht, onder andere door tijdsdruk en omdat er andere, belangrijkere
problemen zijn. De belangrijkste oorzaken voor overmatig laboratoriumonderzoek
zijn onwetendheid en onzekerheid. Over wat de beste aanpak van het probleem

zou zijn, verschilden arts-assistenten en specialisten van mening: arts-assistenten
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wilden graag meer onderwijs over het onderwerp, terwijl specialisten daar weinig
van verwachtten en meer zagen in ICT—oplossingen.

De toenemende druk op de gezondheidszorg, als een gevolg van een vergrijzende
bevolking, toegenomen technische mogelijkheden en krapte aan personeel, maake
dat de noodzaak tot het verbeteren van de doelmatigheid van laboratoriumonderzoek
steeds groter wordt. In dit proefschrift zijn meerdere aspecten aan bod gekomen
die noodzakelijk zijn voor een doelmatige inzet van laboratoriumonderzoek: kortere
doorlooptijden en ondersteuning bij de selectie en de interpretatie van testen. Deze
zaken worden uitgebreid besproken in de algemene discussie van dit proefschrift in
hoofdstuk 8.

Verbetering van de doelmatigheid van laboratoriumonderzoek kan alleen door
middel van automatisering en digitalisering. Ook is het nodig dat gezondheids-
informatie, die nu vaak nog versnipperd is over verschillende systemen, beter
geintegreerd wordt. We zien al dat automatisering van het klinisch-chemisch
labotarorium tot duidelijke verbeteringen in de doorlooptijd heeft geleid. Tockomstige
toepassingen kunnen mogelijk bestaan uit beslisondersteuning door kunstmatige
intelligentie, voor het selecteren van de juiste testen om te bepalen, of voor de
interpretatie van de resultaten. Deze toepassingen staan nu nog in de kinderschoenen,
maar het gebruik ervan neemt snel toe. Voordat deze toepassingen in de praktijk

kunnen worden gebruiket, zijn er nog veel vragen die beantwoord moeten worden.
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DANKWOORD
Dit proefschrift zou er niet zijn geweest zonder de hulp van heel veel mensen. Een
paar daarvan wil ik in bijzonder bedanken.

Wouter, je hebt me in mijn promotietraject alle ruimte — en tijd — gegeven, maar
er steeds voor gezorgd dat de structuur overeind bleef. Je hebt het overzicht bewaard
en waar dat hier en daar nodig was focus aangebracht. Dank voor je begeleiding, het
geregel achter de schermen en je altijd enthousiaste reacties in onze meetings.

Maarten, het was een waar genoegen om jou als mijn copromotor te hebben.
Hoewel het eigenlijk meer voelde als een partner in crime. Je hebt een uitzonderlijke
dossierkennis, waar ik dankbaar gebruik van heb gemaakt. Ik heb genoten van onze
ongedwongen overleggen, waarin de wetenschap altijd moest vechten om aandacht
omdat een van ons weer een zijpaadje was ingeslagen. Laten we gewoon blijven
afspreken om bij een kopje koftie te praten over van alles en nog wat. Bedankt voor
je vriendelijkheid, je openheid en de gezelligheid.

Jan, bedankt dat je in deze rijdende trein bent gestapt. Je bent een van de erudietste
mensen die ik ken. Ik mis je verhandelingen over het Pools-Litouwse gemenebest nu
je naar Zwolle bent gegaan. Voor je humor en je vlijmscherpe analyses, waarbij je het
perspectief van de internist altijd in het oog hield, ben ik je bijzonder erkentelijk.

Christiana, bedankt voor je begeleiding aan het begin van mijn promotie. Ik heb
dankbaar gebruik gemaakt van je methodologische kennis en je ervaring in R. Helaas
ziet mijn code er nog altijd niet zo netjes uit als die van jou.

Cornelia, Saskia en Mark, jullie wil ik van harte bedanken voor het beschikbaar
stellen van de data uit uPOD, het kritisch meedenken en specifiek Saskia omdat je me
er steeds aan herinnert dat niet elke patiént een witte man is.

Michael, dank voor het oppakken van onze gezamenlijke studie toen ik er niet
helemaal meer uit kwam. Je hebt het artikel echt naar een hoger plan getrokken.

Karijn, bedankt voor je enthousiaste inzet en het geduldig beantwoorden van al
onze vragen over checkpointremmers.

Pascal en Thérese, jullie ijver en inzet tijdens jullie wetenschapsstages waren
aanstekelijk en we mogen trots zijn op de resultaten.

Laura, bedankt dat je samen met mij tijdens de Internistendagen in Maastricht een
sessie hebt willen houden over doelmatig laboratoriumonderzoek, die het startpunt
was van het artikel dat nu als hoofdstuk 7 in dit proefschrift is opgenomen.

De PoORT-studie is een project geweest van heel veel verschillende mensen.
Annemieke Tinholt, Dirk Tjwa, Jan Willem Uffen, Linda Everlo, Maaike Weijmans,
Maria de Winter, Maricke de Regt, Mathilde Nijkeuter, Matthijs van Oevelen,
Rebecca Knobbe, Roos Boerman, Saskia Briedé, Shanna de Groot, Tom Wouters
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en Willemijn Huiszoon, door jullie, deels vrijwillige, inzet in het expert panel verliep
de data-analyse uiteindelijk een stuk sneller dan gedacht. Joris de Groot en Hans
Reitsma, bedankt voor jullie waardevolle advies bij de studieopzet. Ad van Mullem,
Jantien Woudstra-de Liefde, Marjon Wesseling en Ronald Swinkels, door jullie verliep
delogistick aan de laboratoriumkant vlekkeloos. En Bianca Silvius, Maartje Woelders
en Marianne Schurink, bedankt voor de hulp bij de dataverzameling.

Jolande, jij stond aan de wieg van de POORT-studie. Je hebt het oorspronkelijke idee
bedacht en bent voortvarend aan de slag gegaan om dat verder uit te werken, waarbij
je out-of-the-box oplossingen niet schuwde. Bedankt dat je jouw project aan mij hebt
durven toevertrouwen en dat je als eerste het zaadje hebt geplant voor mijn promotie.

De leden van de beoordelingscommissie, Joost Frenkel, Prabath Nanayakkara,
Jelle Ruurda, Frank Visseren en Dorien Zwart, hartelijk dank voor het lezen en
beoordelen van mijn proefschrift.

Mathilde en Douwe, mijn teamgenoten van het eerste uur, het was een hele
achtbaan. Ik wil jullie bedanken voor onze hechte band, waarin we alles tegen elkaar
kunnen zeggen. Ik waardeer jullie steun en onze goede gesprekken, onder andere in
Tienhoven en op het Eemmeer.

Mijn collega internisten, ik wil jullie van harte bedanken voor de altijd fijne
samenwerking en de gemoedelijke sfeer. Mijn kamergenoot Marjolein wil ik bij naam
noemen: bedankt voor je altijd geduldige luisterende oor en je enthousiasme voor
ansichtkaarten.

In mijn opleiding tot internist heb ik veel leraren en voorbeelden gehad. In het
bijzonder wil ik Wiek Rensma, mijn opleider in Tilburg, bedanken. Ik heb veel geleerd
van je kijk op het vak en je ogenschijnlijke onbezorgdheid.

Marieke, ik waardeer onze vriendschap enorm. Je weet me altijd een spiegel voor
te houden en als we afspreken is het altijd bijzonder, of het nu op een rooftop in New
York is (zonder zonsverduistering), in een wijnbar in Napels of gewoon om de hoek.
Bedankt dat je mijn paranimf wilt zijn.

Mijn vrienden van de Piemelparty, Bram, Dook, Jesse en Marinus, jullie zijn de
beste vriendengroep die iemand zich kan wensen. Tk kan met alles bij jullie terecht.
En als we samen zijn is het altijd feest. Bedankt voor de gezelligheid, de warmte en de
geweldige verhalen. Ik pis. En Jesse, bedankt dat je mijn paranimf wilt zijn.

Promoveren in combinatie met een fulltime baan en een master zorgt ervoor dat
er nogal wat werk in de avonden en weekends is verzet. Matijn en Joris, ik wil jullie
bedanken voor de ruimte die jullie me daarin gegeven hebben.
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Hoewel sommige andere mensen dit ook over hun eigen ouders zeggen, zijn mijn
ouders écht de allerliefste ouders die er zijn. Bedankt dat jullie vertrouwen in mij en
jullie onvoorwaardelijke steun.

Ook de rest van mijn familie, Roel, Sandra, Krijn, Dominique, Janneke, Max,
Jaap, Anna, Stach, Mare, Dieter, Juultje, Freeke en Gijs, bedankt voor alle gezelligheid.

Nova en Mika, ik ben zo ongelofelijk trots op jullie en hoe snel jullie aan het
uitgroeien zijn tot volwassen personen met een sterke eigen mening en een positieve
kijk op de wereld. Bedankt dat jullie mijn leven waardevoller maken.

En tenslotte Manu, jouw gedrevenheid en doorzettingsvermogen zijn een
voorbeeld voor me. Je steun en aanmoedigen hebben ervoor gezorgd dat ik deze
promotie heb kunnen afronden, en dan heb ik het nog niet eens over de wedijver
over wie als eerste klaar zou zijn. Ik ben zo gelukkig met jou. Ik hou van je.
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Bram Vrijsen is op 5 december 1978 geboren in Tilburg. Voor zijn zesde verjaardag
kreeg hij van zijn ouders pianolessen (en een piano). Vijf jaar later is hij met de
pianolessen gestopt vanwege het uitblijven van succes.

In de jaren daarna behaalde hij zijn gymnasiumdiploma aan het Mill-Hillcollege
in Goirle en rondde hij zijn studie geneeskunde aan de Universiteit Leiden af. Na
omzwervingen in Rotterdam en Zwijndrecht volgde hij de opleiding interne
geneeskunde in het St. Elisabethziekenhuis in Tilburg en het umc Utrecht, waarbij
hij een meervoudig profiel heeft gekozen. Vervolgens heeft hij even als internist in
het St. Antoniusziekenhuis gewerkt, waarna hij gevraagd is om terug te keren naar
het uMc Utrecht. Daar werkt hij nu nog steeds.

Tijdens zijn loopbaan in het umc Utrecht heeft hij in 2015 de opleiding acute
geneeskunde afgerond, werkte hij van 2020 tot 2022 als medisch afdelingshoofd
van de spoedeisende hulp en is hij in 2020 medisch achterwacht geworden bij het
Nationaal Vergiftigingen Informatie Centrum.

Van 2016 tot 2019 was hij weekendpleegvader van Joris en vanaf 2019 is hij
pleegvader van Nova en Mika. Hij woont met zijn vriend Manu samen in Utrecht.

Naast dit alles is hij in 2017 begonnen met een promotietraject. Kort na het starten
hiervan besloot hij, geinspireerd door de piano in de hal van het ziekenhuis, om een
piano te kopen en zijn oude lesboeken weer ter hand te nemen. Zijn studiegenoten
van de master epidemiologie die hij tijdens zijn promotie volgde hield hij op de hoogte
van zijn voortgang, of het gebrek daaraan.

Zijn promotietraject heeft uiteindelijk geresulteerd in dit proefschrift. Hij kan
nog steeds geen piano spelen.
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