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CHAPTER 1

GENERAL INTRODUCTION

Case

An elderly care physician consults a 87-years-old female nursing home resident. She suddenly
had a red, swollen and painful leg. Fever is absent. The physician considers the diagnosis deep
vein thrombosis. As both the incidence and the short-term mortality of venous thromboembolism
(pulmonary embolism or deep vein thrombosis) rises with age, he realizes that accurately and
timely diagnosing deep vein thrombosis is important.™

Diagnostic strategy

The physician decides to apply the primary care diagnostic decision strategy for deep vein throm-
bosis (figure 1) which yields a total score of three points: there was no leg trauma and measuring
the calf circumference of both legs revealed a difference of 4 centimeters. In line with the clinical
decision rule, he performs a D-dimer test as low D-dimer concentrations in combination with a
low clinical probability would rule out deep vein thrombosis.5” However, the test-result is abnor-
mal, contributing for an extra six points on the diagnostic decision score, totaling in nine points
(moderate clinical probability of deep vein thrombosis; figure 1). Consequently, the patient should
be referred to a hospital for compression ultrasound examination.®”

Clinical dilemma

Since the accuracy of the diagnostic strategies for venous thromboembolism has never been
investigated in very old nursing home patients, the physician is not sure whether this strategy can
be translated to his 87-years-old patient.® Furthermore, he feels discouraged to refer this frail, old
woman to a hospital for imaging investigation as this may stress her severely. Facing this dilemma
and considering the probability of deep vein thrombosis and the subsequent risk of fatal pulmo-
nary embolism as high, he decides to not refer his patient for imaging examinations, but instead to
start anticoagulation treatment immediately. During the weekly briefing, he discusses the dilemma
concerning this patient with his colleagues. Was this the best possible decision for this patient?
And is the clinical decision rule valid when applied to rule in venous thromboembolism in this pa-
tient? One colleague argues that the D-dimer test has a high false-positive rate in older patients
and therefore dissuades from D-dimer testing in very old patients.

Outline of the thesis
Based on these considerations, the research goals for the studies presented in this thesis were:

1. To assess the accuracy of existing diagnostic decision strategies combined with normal
D-dimer testing to exclude venous thromboembolism when applied in older patients,
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GENERAL INTRODUCTION

Figure 1 Diagnostic and treatment strategies for patients with suspected deep vein thrombosis according to primary
care guidelines in the Netherlands®

Patients clinically suspected of DVT

v

Physician scores clinical decion rule*
Diagnostic variables Points
Male gender 1
Oral contraceptives 1
Presence of malignancy 1
Recent surgery 1
Absence of leg trauma 1
Vein distension 1
Calf difference > 3 cm 2
| |
| scoe<s: | Score | Risk of DVT*
I
. Score > 4 4-5 Low (4.5%)
| D-dimer test* l— Aé) n(;rirrgzl. — ©=
| POINt 79 Moderate (21.7%)
extra
| Normal | 10-13 High (561.3%)
| (50%)$
0
(50%)$ (repeated)
. compression
Very low risk of DVT *
0,7%)" ultrasonography
No DVT DVT
(75%)$ (25%)$
y A 4

No treatment * Treatment *

Key to symbols: DVT= deep vein thrombosis, *based on Oudega et al®and $ probalilities based on Biller et al’

and to investigate whether it is possible to apply the clinical decision rules and D-dimer
test to distinguish patients with a very high risk of venous thromboembolism.

2. To establish the diagnostic value of D-dimer testing for excluding suspected venous
thromboembolism in older patients, with a particular interest in whether increasing the
threshold for test positivity is a safe and more efficient strategy than using the conven-
tional cut-off.4
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CHAPTER 1

3. To explore elderly-care physicians’ considerations and motivations to withhold addition-
al diagnostic investigations in nursing home patients with a clinical suspicion of venous
thromboembolism

The outline of this thesis parallels these three research goals. The thesis is further introduced in
chapter 2, were we elaborate on the generalizability of diagnostic decision strategies to elderly
patients and on the aims of those strategies versus the needs of elderly patients.

The chapters 3 and 4 describe a prospective external validation study on strategies to safely
exclude venous thromboembolism in older patients in primary care or in long term care facilities
and investigate the possibility to rule-in the diagnosis with a clinical decision rule; in chapter 3
we focused on strategies for deep vein thrombosis. In chapter 4, we validated and subsequently
updated the Wells’-rule for pulmonary embolism.®

In the chapters 5 and 6 we assessed the diagnostic value of D-dimer testing to exclude venous
thromboembolism in suspected older patients. In chapter 5 we externally validated age-adjust-
ed cut-off values for the D-dimer test to exclude venous thromboembolism in a safe and more
efficient manner in older primary care patients.'® We further assessed the role of D-dimer testing
1o exclude venous thromboembolism in older patients, using either conventional or age-adjusted
cut-off values, by means of a meta-analysis in chapter 6.

In the chapters 7 and 8 of this thesis, we studied physicians’ decisions to refrain from further
diagnostic investigations in older patients. Chapter 7 describes a systematic review on such
‘non-diagnosis’ decisions and in chapter 8, these ‘non-diagnosis’ decisions were further ex-
plored in a study using both qualitative and quantitative research methods. The main findings of
the thesis are summarized and discussed in chapter 9.
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CHAPTER 2

ABSTRACT

Venous thromboembolism (pulmonary embolism and deep vein thrombosis) is common in
older patients and short-term mortality risk increases with age. Hence, notably in older patients,
accurately and timely diagnosing venous thromboembolism can be lifesaving. However, most
clinically suspected individuals turn out to have no venous thromboembolism after imaging
examination. Therefore, many physicians would feel reluctant to refer older patients as this

can be very burdensome for these patients. Consequently, it is possible that older patients are
often not referred for diagnostic work-up (risk of underdiagnosis) or that treatment for venous
thromboembolism is initiated without confirmation by further testing (risk of overtreatment). An
accurate diagnostic strategy which can safely exclude, and timely diagnose venous thromboem-
bolism without the need of burdening referrals in many patients might therefore serve the needs
of older patients. Such strategies have been derived and validated in both primary and sec-
ondary care patients suspected of venous thromboembolism. However, the generalizability of
these strategies to older patients may be hampered, and their accuracy has never been tested
in elderly populations; this in spite of the high prevalence of venous thromboembolism and the
potential for misdiagnosis and thus mistreatment in these patients. Validation - and if needed
adaptation - of current diagnostic strategies for venous thromboembolism for application in
older patients is needed.
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VENOUS THROMBOEMBOLISM IN OLDER PATIENTS

As the incidence of venous thromboembolism is strongly associated with age, venous thrombo-
embolism is a major health problem in the ageing societies in the Western parts of the world."®
The estimated incidence rate for venous thromboembolism in older people varies from 4 to 9
per 1,000 person years in whom the short-term mortality can be as high as 15%.26 Hence, nota-
bly in older patients, accurately and timely diagnosing venous thromboembolism can be lifesav-
ing. However, diagnosing venous thromboembolism is not straightforward as isolated signs and
symptoms are not sufficient to in- or exclude venous thromboembolism.”® This is even more so in
older patients in whom typical signs and symptoms of venous thromboembolism are often mim-
icked by co-morbidity.®'° On the other hand, the prevalence of venous thromboembolism in sus-
pected patients is relatively low, even in a high risk population such as the elderly; typically, 30%
or less of clinically suspected patients have confirmed venous thromboembolism when referred
for reference testing.'®2 Thus, many older patients are being unnecessarily referred to secondary
care facilities for further diagnostic (imaging) tests,'®" whilst particularly these frail older frail pa-
tients are vulnerable for distress and complications resulting from transitions to hospital-care.'>"

Generalizability of diagnostic decision strategies in older patients

To correctly exclude the presence of venous thromboembolism without the need for further re-
ferral or work-up, so-called diagnostic decision models or -rules, based on a weighed combi-
nation of signs and symptoms, can be applied. Such rules have been derived and their safety
and cost-effectiveness has been extensively tested in both primary and hospital care patients
suspected of venous thromboembolism (e.g. the Wells strategy for pulmonary embolism and
Oudega-rule for deep vein thrombosis).’®?" In order to be helpful in the diagnostic workup of
venous thromboembolism the decision strategies need to be generalizable, that is, they should
be able to produce accurate predictions among patients from a different but plausibly related
population.?? However, diagnostic models are sensitive to changes in patient populations, and
often perform worse when applied in different patients.??2® For example, diagnostic models de-
veloped in a hospital setting may perform poor in a primary care setting due to differences in
patient characteristics, physicians experience and prior-probabilities.?>?* For older patients in
nursing homes and primary care, the higher incidence and the often more obscure presentation
of venous thromboembolism may alter the diagnostic accuracy of existing clinical decision rules
for venous thromboembolism. 349192526 Moreover, the D-dimer concentration increases with age,
which may lead to more false positive D-dimer results in older patients.'%?%28 All these features
may result in an over- or underestimation of the probability (an error in calibration), or in a reduced
discriminative power between the presence or absence of venous thromboembolism for older
patients.?® Hence, generalizability of diagnostic models for venous thromboembolism - which are
derived in adult patient populations - towards elderly patients warrant further investigation.
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Current decision strategies versus the needs of older patients

One may also question whether the diagnostic decision strategies optimally serve the needs of
elderly patients. The primary goal of the current diagnostic strategies for venous thromboem-
bolism is to provide the physician the assurance that venous thromboembolism is not falsely
excluded.'®?%3! Therefore, in the current strategies, only very low proportions of false—negative
results are deemed acceptable, and only in patients with a very low risk of venous thromboem-
bolism (commonly a threshold of 1% to 4% is used) further imaging examination is withheld.'®:30:81
Although primary care studies demonstrated that this safe ‘rule-out strategy’ - encompassing a
diagnostic decision rule and D-dimer testing - was able to exclude venous thromboembolism in
45 to 50% of patients, this strategy (still) led to a substantial proportion of patients being referred
to a hospital.'® Three out of four patients who were referred for additional diagnostic work-up
turned out to have no venous thromboembolism (false—positive cases, see chapter 1, figure 1).19%2
As the main aim of this strategy was to safely exclude venous thromboembolism, this proportion
of referred patients in whom no venous thromboembolism was present, was deemed acceptable.
However, for older patients the journey to a hospital and the undergoing of diagnostic research is
often more burdensome and complicated.'®'8:3%34 Many physicians would therefore feel reluctant
to refer frail older patients to a hospital for exclusion of venous thromboembolism and conse-
quently might decide not to refer these patients for work-up despite an underlying ‘high’ risk of ve-
nous thromboembolism (i.e. risk of under diagnosis). Alternatively, it is also possible that treatment
for venous thromboembolism is initiated in actually ‘low risk’ patients, thus without confirmation
by further testing (i.e. risk of overtreatment).®

Implications

Current available diagnostic strategies recommend referral for further imaging examination for
1 out of 2 patients with suspected venous thromboembolism (see chapter 1, figure 1), whereas
diagnostic decision strategies that would spare a higher proportion of older patients the possi-
ble hazardous referral for imaging examination might better serve the needs of elderly patients.
Therefore, we advocate validation and - if possible and needed - subsequent adaptation of the
current diagnostic strategies for elderly patients with suspected venous thromboembolism by a
so-called ‘updating study’.?? Diagnostic decision strategies should be tailored to the needs of old-
er patients by recommending imaging examination in only a small proportion of them. This could
be achieved by a two-track policy with both rule-out and rule-in strategies:

1. The proportion of elderly patients in whom venous thromboembolism can be safely
excluded without imaging examination can be enlarged by application of age-adjusted
D-dimer levels in elderly patients.®¢-%8 Furthermore, a diagnostic decision strategy with
the focus on improved efficiency (i.e. increasing the proportion of patients in whom
deep vein thrombosis can be ruled out without the need for imaging examination, e.g.
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by applying a higher cut-off value) might be more appropriate in the elderly (inherently
accepting that the proportion of falsely missed venous thromboembolism cases also
rises). Given the risks and burden involved with referral to a hospital in older patients,
one could argue that applying the strict recommmendation of missing a maximum of 1 to
4% of venous thromboembolism cases, is too stringent for elderly care.

If possible, a rule-in approach should be developed for frail older patients outside the
hospital for whom referral for additional diagnostic investigations is considered too bur-
densome. Patients with very high probabilities for venous thromboembolism according
to such an approach are treated without further diagnostic imaging examination.
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CHAPTER 3

ABSTRACT

Background We aimed to assess the accuracy of the ‘Oudega-diagnostic decision rule’ to ex-
clude deep vein thrombosis (DVT) in older out-of-hospital patients suspected of DVT. This rule
has been developed and validated notably in younger suspected primary care patients.
Methods In older primary care and nursing home patients (=60 years) with clinically suspected
DVT, physicians recorded the score on the Oudega-rule and D-dimer test. DVT was confirmed
with a composite reference standard including ultrasonography examination and 3-month fol-
low-up. The proportion of patients with DVT and a very low probability of DVT according to the
Qudega-rule (failure rate), and the proportion of patients with a very low probability (efficiency)
was calculated.

Results DVT occurred in 164 (47%) of the 348 study participants (mean age 81 years). The
probability of DVT was very low in 69 patients (Oudega score <3 points plus a normal D-dimer
test; efficiency 20%); of whom four had nonfatal DVT (failure rate 5.8%; 2.3 to 14%). With a simple
revised version of the Oudega-rule for older suspected patients, 43 patients had a low risk of DVT
(12% of the total population) of whom only one had DVT (failure rate 2.3%; 0.4 to 12%).
Conclusions In older suspected patients, application of the original Oudega-rule to exclude DVT
resulted in a higher failure rate as compared to previous studies in younger suspected patients.
A revised and simplified Oudega-strategy specifically developed for elderly suspected patients
resulted in a much lower failure rate though at the expense of a lower efficiency.
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DECISION STRATEGIES FOR DVT

INTRODUCTION

Leg complaints are relatively frequent in older patients.! Deep vein thrombosis (DVT), which pre-
dominantly occurs at an advanced age, is one of the more serious conditions in the differential
diagnosis for these patients as missing a diagnosis poses patients at risk of possibly fatal pulmo-
nary embolism.? Yet - given the often non-specific complaints in these patients - the diagnosis
DVT can be confirmed in only one in five older patients with clinically suspected DVT.%¢ Referring
all patients for reference testing (venous imaging) is often no option as frail older patients are vul-
nerable for distress and complications resulting from the journey to a hospital and the undergoing
of diagnostic tests.”"" Hence, the difficulty in the diagnostic workup of DVT in such patients is
to adequately and timely distinguish the patients in whom referral and treatment can be safely
withheld from those who need to be referred to secondary care facilities for confirmation of the
diagnosis and subsequent anticoagulant treatment.

The widespread implementation of diagnostic decision rules in primary and secondary care has
resulted in an increased efficiency in the diagnostic work up for DVT in the past decade.’?*® In a
management study on a diagnostic decision rule in primary care, we found that referral to sec-
ondary care could be safely withheld in almost half of the suspected patients.' The benefits of
such a strategy might particularly apply for frail older patients, provided that it can safely rule-out
DVT in a substantial proportion of them without needing to be referred for imaging examination.
However, diagnostic decision strategies tend to perform worse when applied outside the setting
as where they are derived from and validated in.'*'® Strikingly though, the accuracy of diagnostic
decision strategies in suspected DVT has never been investigated in frail older patients outside
the hospital. We therefore conducted this prospective external validation study to evaluate the
accuracy of an existing clinical decision rule which was developed and validated in primary care,
to safely exclude DVT in older out-of-hospital patients.!#'"-®

METHODS

Setting and participants

The Venous Thromboembolism in the Elderly (VT-elderly) study was a prospective observational
study with 3 months follow up. Patients residing in nursing homes and older primary care patients
(aged 60 years or over) with clinically suspected venous thromboembolism (VTE; either DVT or
pulmonary embolism, or both) were eligible for inclusion. Patients were enrolled by elderly-care
physicians and general practitioners across the Netherlands between October 2008 and April
2013. Only the patients primarily suspected of DVT (based on pain, swelling or redness of the low-
er extremity) were included. Patients were excluded if they denied providing informed consent or if
they received treatment with anticoagulants at presentation (coumarins or oral direct thrombin- or
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factor Xa-inhibitors). The local ethics review board of the University Medical Center Utrecht, the
Netherlands, judged the study as exempt from review according to the national law (08-124/E).

Diagnostic strategy under study

The primary aim was to validate the accuracy of the Oudega-rule in frail older out-of hospital
patients. This rule was originally developed to exclude DVT in primary care patients without the
need for referral to secondary care for ultrasonography examination. Physicians systematically
recorded medical history, signs, symptoms and the result on the Oudega-rule for each patient
(see table 1)."” The D-dimer test is incorporated in this clinical decision rule and contributes for 6
points if abnormal. Physicians were provided with qualitative point-of-care D-dimer tests (Clear-
view Simplify D-dimer assay®) and with written instructions for the acquisition and interpretation
of this test. To calculate the patient’s total score on the Oudega-rule, physicians either applied this
point-of-care test (for 70% of the study participants) or used the results of quantitative D-dimer
assays in local laboratories for which values of 500 pg/L and higher were considered abnormal.
Though referral for compression ultrasonography examination of the lower extremity was recom-
mended for all patients who had a total score >3 on the Oudega-rule (table 1), it was left to the
physicians’ discretion whether patients were indeed referred. If the patient was considered to
have a very low probability of DVT (based on a total score on the Oudega-rule <3 points), imaging
was not recommended.

Outcome assessment

The primary endpoint of this study was the presence of VTE during 3-month follow up. At 3
months, follow up was performed for all patients to assess the occurrence of any VTE event
and - if applicable - cause of death. All patients who were not referred to a hospital for objective
testing despite a score > 3 on the Oudega-rule were evaluated by an adjudication committee of
3 experts. If - based on signs, symptoms, D-dimer testing and all available clinical information -
VTE was deemed present by the committee, patients were classified accordingly. Deaths were
similarly adjudicated by this committee as likely or unlikely related to VTE.

Hence, in this study, VTE was considered present if 1) there was a finding of DVT on lower limb
ultrasonography; or 2) confirmed pulmonary embolism on computed tomography pulmonary an-
giography of the chest; or 3) death within 3 months probably related to VTE or 4) if patients were
adjudicated as VTE present.

Statistical analyses

Missing values for clinical items of the Oudega-rule, the D-dimer test, or in follow up data (4.6%;
6.1% and 0.9% respectively) were multiple imputed.?° The primary analysis included the propor-
tion of patients with symptomatic VTE during 3 months follow-up within those with a very low risk
on the Oudega decision rule (total <3 points; this is the failure rate), as well as the proportion of

26



DECISION STRATEGIES FOR DVT

Table 1 Clinical decision rules under study

Oudega strategy'”

Variables Points
Male gender 1
Use of estrogens (oral contraceptives or hormonal replacement therapy) 1
Presence of malignancy 1
Recent surgery 1
Absence of leg trauma 1
Vein distension 1
Calf difference = 3 cm 2
D-dimer abnormal 6

Posttest probability based on the Oudega rule

Very low 0to3
Low 4o0rb
Moderate 6to9
High 10to 13

Wells strategy'®

Variables Points
Active cancer (treatment ongoing or within previous 6 months or palliative) 1
Paralysis, paresis, or recent plaster immobilization of the lower extremities 1
Recently bedridden for 3 days or more, or major surgery within the previous 12 weeks 1

requiring general or regional anesthesia

Localized tenderness along the distribution of the deep venous system 1
Entire leg swelling 1
Calf swelling at least 3 cm larger than that on the asymptomatic leg 1
Pitting edema confined to the symptomatic leg 1
Collateral superficial veins (nonvaricose) 1
Previously documented DVT 1
Alternative diagnosis at least as likely as DVT -2

Posttest probability based on the Wells rule

Unlikely <1
Likely >2
Low 1
Moderate tor2
High >2
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Table 2 Characteristics of the study participants

Patient characteristics Frequency
n=348 n (%)
Patients with confirmed VTE 164 (47.1)
Demographic characteristics
Male 89 (25.6)
Age, years, mean (standard deviation) 80.9 (10.2)
Residency
-Home for the elderly/other institute/ community dwelling 54 (15.6)
-Nursing home 294 (84.5)
Symptoms
Painful leg 222 (63.8)
Swollen leg 327 (93.9)
Redness of leg 179 (51.4)
Acute onset of symptoms 219 (62.9)
Duration of complaints, days, median (interquartile range) 2 (5)
Signs
Edema of the distal leg 308 (88.5)
Edema of the proximal leg 120 (34.5)
Tenderness of deep veins 138 (39.7)
Distension of collateral veins 60 (17.2)
Difference in calf circumference =3cm 216 (62.4)
D-dimer abnormal 270 (77.6)
Medical history
Bedridden or chairbound 170 (48.9)
Previous episode of DVT 36 (10.3)
Previous episode of pulmonary embolism 20 (5.7)
Varicose veins/venous insufficiency 117 (33.6)
Active malignancy 42 (12.1)
Immobilization or surgery in previous month 36 (10.3)
Co medication
Use of estrogens (hormonal replacement therapy) 4(1.1)
Antiplatelet therapy 110 (31.6)
Prophylactic dose of low molecular weight heparin 32 (9.2)

28



DECISION STRATEGIES FOR DVT

very low-risk patients among the total suspected population (efficiency). For calculation of 95%
confidence intervals, the exact binomial Wilson-Score method was used.

In addition, we performed post-hoc analyses. We refitted the original model within our popula-
tion, thereby re-estimating all coefficients and the intercept and retained those predictors, that
were statistically significantly associated with VTE based on the log likelihood ratio test at p-value
<0.10. This model was adjusted for optimism and overfitting using bootstrapping techniques.?!
Second, we estimated the efficiency and failure rate for patients with an ‘unlikely’ (1) or a ‘low’
(<1) score according to the Wells-rule for DVT, combined with a normal D-dimer test.” Finally, we
examined to what extent both original rules in combination with D-dimer testing, were able to
include VTE. All analyses were performed using R-2.15.3 for Windows.

RESULTS

Study participants

A total of 394 older patients with suspected DVT were initially evaluated of whom 46 were exclud-
ed based on predefined exclusion criterions (figure 1, flowchart). A total of 348 participants (26%
males, mean age 80.9 years) were included in the study of whom the majority (n=294, 84.5%)
resided in nursing homes. Almost half of the participants (49%) were bedridden or chairbound
and 42 participants (12%) had an active malignancy (table 2).

Based on our composite reference standard, VTE was present in 164 patients (47%). A total of 45
study participants died during the 3-month follow up (all-cause 3-month mortality-rate 13%) and
in four of these patients (8.9%) VTE was presumed as probable cause of death (and thus counted
as VTE present). Major bleeding or a clinically relevant non-major bleeding occurred in 14 patients
during the 3 months follow up (4.0%; figure 1).

Diagnostic accuracy of the original Oudega-rule

Among the 348 study participants, 69 had a score of 3 or lower on the Oudega-rule (20% of the
total population; 95% confidence interval 16 to 24%, table 3). In the 3-month follow up VTE was
confirmed in four of these patients (failure rate 5.8%; 2.3% to 14%). Details of these patients are
listed in table 4. Lowering the threshold on the Oudega-rule did not reduce the failure-rate (ap-
pendix 1).

VTE was diagnosed in 55 of the 80 patients with a high risk (score > 10) according to the Oude-
ga-rule (23% of the total population, positive predictive value of 69%; 58% to 78%).

The diagnostic accuracy of the Wells-rule

If physicians would have used the Wells-score for DVT, a total of 61 study participants would
have had a combination of the Wells-rule indicating an unlikely probability of DVT and a normal
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Figure 1 Flow of participants through the study, using the Oudega-strategy'”

Patients primarily
suspected of deep
vein thrombosis
n =394

Excluded patients n = 46

Anticoagulant use n = 45 y

Not willing to participate n = 1 Study patients

n =348
Oudega score < 3 (clinical Oudega score > 3 (clinical
signs only) signs only)
n=259 n=289
D-dimer normal: D-dimer abnormal:
n=:69 n=190*
\ 4 \ 4 A 4
Reference: Reference: Reference:
CUSNn=9(13 %) CUS n= 140 (73.7%) CUS n=64 (71.9%)
CUS + CT-Chest n=1 (1%) 3m f-up + AC n = 50 (26.3%) 3mf-up + AC n = 25 (28.1%)
3 m f-up only n = 59 (86%)
y y A 4
Total VTE events n= 4 Total VTE-events n= 104 (54.7 Total VTE-events n= 56
(5.8%; 95% Cl 2.3 to %; 95% Cl 47.6 to 61.7%) (62.9 %; 95% C152.6 10
14.0%) Fatal VTE events n=2 (1.1%) 72.2%)
Fatal VTE-events n=0 3-month all-cause mortality n= Fatal VTE-events n= 2 (2.2%)
. . B 0,

3-month %” cause mortality 28 (14.7%) 3-month all-cause mortality n=
n=3 (4.3 %) Major bleeding n= 4 (2.1%) 14 (15.7%)
Major blseding n=0 Nonmajor bleeding n= 6 Major bleeding n= 2 (1.1%)
Nonmajor bleeding n= 1 (3.2%) Nonmajor bleeding n= 1
(1.4%) (1.1%)

* 6 point-of care tests returned a non-interpretable or unvalid result which were classified as abnormal result. VTE=ve-

nous thromboembolism; Cl= confidence interval; CUS= compressionultrasonography of the lower extremity; 3 m f-up

= 3 months follow-up; AC= adjudication committee; D-Dimer abnormal= Clearview Simplify test abnormal or quantitive
D-dimer =500 pg/L
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Table 3 Distribution of patients according to scores of the Oudega strategy.

Total number of patients= 348 Number of patients Number of patients with VTE
Probability of VTE based on Oudega rule'” (%; 95% confidence (%; 95% confidence interval)
interval)

Very low risk (0 to 3) 69 (19.8; 16.0 to 24.3) 4 (5.8;2.3t0 14.0)
Low risk (4 or 5) 9(2.6;1.4t04.8) 1(11.1; 2.0 t0 43.5)
Moderate risk (6 to 9) 190 (54.6; 49.3 to 59.8) 104 (54.7, 47.6 t0 61.7)
High risk (10 to 13) 80 (23.0; 18.9t0 27.7) 55 (68.8; 57.9 to 77.9)

Table 4 Detailed description of the four patients designated to have a ‘very low’ risk of VTE according to the Oude-
ga-rule* but diagnosed with VTE.

Description Reference test; number
of days after initial
evaluation

1 90-years old community dwelling woman, chair bound. Since four days painful left CUS, 0 days; CT-chest,
leg. Oudega-score=1 (absence of leg trauma). Point-of-care D-dimer test normal. 14 days

Initial compression ultrasonography shows thrombophlebitis of the vena saphena
magna. After two weeks; cough, chestpain and dyspnea d’effort; quantitative D-di-
mer 5760 pg/L and confirmed pulmonary embolism.

2 76-years old woman, chair bound, nursing home resident. Acute onset of painful, CUS, 14 days
red and swollen leg with proximal edema. Recently immobilized due to fall. Receives
prophylactic dose of low molecular weight heparin. Oudega score= 2 points (calf cir-
cumference difference of 3 cm). Point-of-care D-dimer test normal. Due to persistent
complaints, compression echography examination after 2 weeks.

3 85-years old woman, chairbound nursing home resident. Since 5 days red, painful CUS, 0 days
and swollen right leg. Venous insufficiency in medical history. Oudega score=3
points (calf circumference difference of 8 cm, collateral vein distention). Point-of-care
D-dimer test normal.

4 86-years old woman, chair bound, nursing home resident. Acute onset of swelling CUS, 0 days
of leg, no pain, no redness. Collum fracture one year ago. Oudega score= 2 points
(calf circumference difference of 4 cm). Point-of-care D-dimer test normal.

* as scored by their physician; CUS= compression ultrasonography of the lower limb.

D-dimer test (efficiency 18%; 14 to 22%; table 5). Three of these patients were diagnosed with
VTE (failure rate 4.9%; 1.7 to 14%). Among the 47 patients with a score below one and a normal
D-dimer test (‘low risk’), VTE was confirmed in one patient (efficiency 14%; 10 to 18%; failure rate
21%; 0.4 to 11%).

A total of 175 patients (50% of the total population) had a combination of an abnormal D-dimer
test and a ‘likely’ (=2) probability according to the Wells-rule of whom 123 were diagnosed with
VTE (positive predictive value of 70%; 63 to 77%).
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Table 5 Performance of the Wells rule for DVT.'? Probability of VTE in different categories of the Wells score in combina-
tion with D-dimer testing

Total number of patients= 348 Number of patients Number of patients with
Probability of VTE based on Wells- rule (%; 95% confidence VTE (%; 95% confidence
interval) interval)
Low scores
‘Unlikely’” Wells score (<1) for DVT combined with 61 (17.5; 13.9 t0 21.9) 3(4.9;1.7t0 13.5)

normal D-dimer test

‘Low’ Wells score (<0) for DVT combined with 47 (13.5; 10.3 to 17.5) 1(2.1;0.4to 11.1)
normal D-dimer test

Moderate scores

‘Likely’ Wells score (=2) OR abnormal D-dimer test 112 (32.2; 27.5 to 37.3) 38 (33.9; 25.8 to 43.1)

Moderate Wells score (1 or 2) * 181 (52.0; 46.8 to 57.2) 68 (37.6; 30.8 t0 44.8)
High scores

‘Likely’ Wells score (=2) for DVT combined with an 175 (50.3; 45.1 to 55.5) 123 (70.3; 63.1 to 76.6)

abnormal D-dimer test

‘High” Wells score (=3) for DVT combined with an 118 (33.9; 29.1 to 39.0) 88 (74.6; 66.0 to 81.6)
abnormal D-dimer test*

*patients who had a combination of a ‘low* Wells score and abnormal D-dimer’, or a combinations of
‘high” Wells score and normal D-dimer are not depicted in this table

Refitting the Oudega-rule

When refitting the Oudega model in our population of older patients (table 6), only three variables
(calf-circumference difference, D-dimer test and gender) remained in the model. Applying this
simple refitted and shrunken model to our data, VTE was present in 1 of the 43 patients with both
a calf-circumference difference < 3 cm and a normal D-dimer test result (failure rate 2.3%; 0.4 to
12%; efficiency 12%, figure 2). A total of 203 patients had an abnormal D-dimer result combined
with a calf circumference = 3 cm or with male gender (58% of the total population); 138 of them
had VTE (positive predictive value of 68%; 61 to 74%).

DISCUSSION

We performed a validation study on the Oudega-rule - which was developed and validated among
younger aged primary care patients - to rule-out DVT in frail older outpatients. The proportion of
patients in whom VTE could be ruled-out was lower than expected, based on previous validation
studies in younger patients. These previous studies demonstrated that imaging examinations (and
thus treatment) could be safely withheld in up to 50% of patients, whereas in our study this exclu-
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Figure 2 Accuracy of the newly derived clinical decision rule based on calf circumference difference and D-dimer test

only.

Suspected of
DVT n=348

Normal D-dimer
N= 78 (22.4%)

Abnormal D-dimer
N =270 (77.6%)

Calf circumference

Calf circumference
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circumference <

Female with calf
circumference

<3cm difference >3 cm ’
3 cm and female difference > 3 cm,
N= 43 (12.4%; 9.4 N= 35 (10.1 %; 7.3 N ( " or male
0, [ =67 19.300;
to 16.3%) to 13.7%) 15510 23.79%) N= 203 (58.3%;
53.1 10 63.4%)
\ 4 A 4 A A 4
A B: C: D:
DVT N= 1 (2.3%; DVT N=4 (11.4%; DVT N= 21 DVT N= 138
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Table 6

Oudega model fitted on VT-elderly data: c-statistic 0.76 (0.71 to 0.80)

Adapted model (internally validated with bootstrapping techniques, correction factor slope 0.93, correction factor inter-
cept 0.02) in VT-elderly data: c- statistic 0.75(0.70 to 0.80)

Variables in Oude- Regression Points Regression Multivariable model based Regression co-

ga-rule coefficient in the coefficient on original models, odds efficient in new-
in deriva- rule in VT-elder- ratio and 95% confidence ly fitted model
tion cohort ly study interval in VT-elderly in VT-elderly

Male gender 0.59 1 0.59 1.80 (1.00 to 3.22) 0.53

Use of oestrogens 0.75 1 n.a.* n.a.* -

Presence of malignancy 0.42 1 0.43 1.563(0.72 t0 3.24) -

Recent surgery 0.38 1 -0.89 0.41 (0.18 t0 0.92) 1

Absence of leg trauma 0.60 1 0.21 1.24 (0.74 to 2.08) -

Vein distension 0.48 1 0.19 1.21 (0.64 to 2.30) -

Calf difference = 3 cm 113 2 111 3.04 (1.81t0 5.13) 0.99

D-dimer abnormal 3.01 6 2.99 19.9 (7.56 to 52.20) 278

Intercept -5.47 - -3.64 - -3.50

* n.a.= not applicable, all four patients using estrogens had VTE; tNot provided in original publication; 1 this variable

was manually left out the model as its predictive value was reversed compared to the original model'”

sion proportion was 20%.'4' In addition, the prevalence of VTE was more than twice as high in
our elderly study population: 47% as compared to a prevalence between 7% and 20% in previous
studies.#182223 Ag a result, patients had a much higher prior-probability for VTE which expectedly
also led to a more than twofold higher proportion of ‘missed’ DVT cases in those patients classi-
fied as ‘very low-risk’ (failure rate of 5.8%, as compared to 1% to 2% in previous studies).'+17:18:22:23
However the strategy was able to make a substantial reduction from the 47% pre-test probability
to the 5.8% post-test probability in the patients in the very low risk category.

Strengths and limitations of the study

This is the first study to validate existing diagnostic decision rules to exclude VTE in a population
of frail older suspected patients outside the hospital. Yet, for full appreciation of our results, some
aspects warrant comment. First, we found a high prevalence of VTE in our study. This might
reflect a lower awareness of VTE among elderly care physicians, with the subsequent risk of
selective inclusion of only high-risk patients. However, we emphasize that our study population
represents a very old (mean age 81 years) and frail nursing home population with a short life
expectancy (3-month all-cause mortality rate 13%) and with many co-morbidities (table 2). Age,
nursing home confinement and co-morbidity are all strong risk factors for VTE and might thus
have contributed to the high prevalence of VTE in our study population.*¢2*

Second, the presence or absence of VTE was defined with a so-called combined reference test;
ultrasound and 3-month follow-up.25%¢ For the patients with a low score on the Oudega-rule, we
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had to rely on clinical follow-up only to detect any missed thromboembolic disease. Thus, the
false negative cases were patients with a score of 3 or lower with worsening or recurrence of their
symptoms within 3 months, leading to further examinations and the detection of VTE. Although
this is common in VTE research, small (clinically less relevant) thrombi may have been missed in
these patients, and thus the false negative rate might be somewhat underestimated.

Third, as part of our research protocol, we recommended referring patients with a score >3
points on the Oudega-rule for reference testing (i.e. leg ultrasound). Nevertheless 75 of those
patients (22% of all included patients) did not undergo reference testing. As it is likely that imaging
examinations were notably withheld in the frailest patients, we chose to avoid selectively ignoring
of these patients as doing so would have resulted in biased estimates.? Instead, the presence
or absence of VTE in these patients was defined by an adjudication committee who decided on
each of these 75 patients whether it was likely or unlikely that VTE was present. This differential
verification might have introduced some misclassification of the outcome, but it reflects clinical
practice. For this reason we focused - according to methodological standards - on predictive
values (i.e. failure rate) rather than on estimates of the sensitivity as the former are not affected
by differential verification.?®26 Fourth, during the study it became evident that D-dimer testing in
very old patients yields an extremely low proportion of negative results. Even in absence of VTE,
D-dimer tests are often abnormal in older patients.® As a result, the number of patients in the
‘very low risk’ category was lower than we had expected, which led to wide confidence intervals
among the calculated VTE prevalence in the patients in the low risk-categories. However, though
addition of more patients would lead to narrower confidence intervals, it is unlikely that this would
have changed our point estimates for the failure rate and efficiency of the clinical decision rule in
frail older patients.

Finally, we used a qualitative point-of-care assay, which has a somewhat lower sensitivity than
the high-sensitive ELISA assays commonly used nowadays. This might have increased the failure
rate in our study.?’

Clinical implications

Though based on consensus rather than on evidence, current guidelines state that a diagnostic
strategy for DVT is considered safe if its failure rate would be at or below 2%.% If one adheres
to this strict safety standard of 2%, one has to consider the original Oudega-rule as an unsafe
strategy for frail elderly out-of-hospital patients suspected of having DVT. Accordingly, this would
actually imply that all frail older patients with any clinical suspicion of DVT should then undergo
imaging examinations of the leg, and thus be referred to secondary care.

As this seems unappealing and unrealistic for this frail population, we like to place these find-
ings in perspective. In the current study we found that physicians withheld referral for additional
diagnostic workup anyhow in 31% of the nursing home patients despite a score >3 on the Ou-
dega-rule. Clearly, the potential risks and burden of hospital transfers for frail older patients (e.g.
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functional decline, risk of falling) implicitly played a role already in this decision-making.”1%:29-31
These considerations may raise a discussion among elderly care professionals whether the origi-
nal Oudega rule strategy might still be useful for this distinct population of frail elderly outpatients
with suspected DVT, as it can contribute to avoidance of unnecessary and burdensome imaging
examinations.

Nevertheless, the medical profession may consider the failure rate of 5.8% or the referral-rate of
80% of the diagnostic strategy as found in our study still as unacceptably high. This prompted us
to perform post-hoc investigations on the performance of other strategies in a frail older popula-
tion suspected of DVT. These analyses - including the use of a lower threshold on the Wells-rule
and even the fitting of a new model (table 6) - demonstrated that a lower failure rate of 2.1% could
indeed be achieved, yet at the expense of a much lower efficiency of 12 or 14% (see table 5 and
appendix 2).

Another option to reduce the referral-rate is considering a so-called rule-in strategy, given the high
prior-probability of VTE in this distinct patient population. We found that, irrespectively of the ap-
plied strategy, a subgroup of patients with a post-test probability of 68 to 75% could be identified
(see table 3, table 5 and figure 2). Possibly in patients with such a ‘very high risk’ of VTE, antico-
agulant treatment may indeed be directly initiated, if referral of the patient is deemed undesirable.
The drawback of such a ‘rule-in strategy’ is that one in three of these frail patients would be
exposed to the risks and burden of anticoagulant therapy while no VTE is present. Nonetheless,
if the rule-out and rule-in strategies would be combined, clinicians would be able to make a de-
cision for up to 70% of patients for whom burdensome and more costly imaging can be avoided.
Conclusions and implications for further research

The prevalence and thus prior probability of VTE was much higher in our frail older study popula-
tion with suspected DVT as compared to previous studies in populations of younger adult patients.
This resulted in a lower safety and efficiency of the original Oudega and Wells-rules to rule out the
diagnosis in frail older patients, although the prior probability of 47% could be reduced to 5.8%
with these rules. These findings highlight that frail older patients with suspected DVT represent a
clear distinct population in whom the use of clinical decision rules - derived from populations of
all ages - does not guarantee safe exclusion of VTE. Furthermore, we found that diagnostic rules
can help clinicians to discriminate frail older patients with a high probability of VTE from those with
a lower probability; the high prior-probability of 47% for DVT in this particular patient population
could be further increased to 68% to 70%. This approach has the potency to rule-in VTE and start
anticoagulant treatment if referral is deemed too burdensome. This ‘rule-in’ approach needs to be
validated in other samples of older suspected patients and its acceptability should be discussed
among health-care professionals before we can recommend its use in practice.'®
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APPENDIX 1

Varying thresholds on the Oudega clinical decision rule

DECISION STRATEGIES FOR DVT

1a- Total number of subjects with and without venous thromboembolism (VTE) per score category of the Oudega

-rule

Score Oudega-rule *

Normal D-dimer

Abnormal D-dimer

VTE absent VTE present VTE absent VTE present
n n n n

0 or 6 if abnormal D-dimer* 12 0 1 5

1 or 7 if abnormal D-dimer* 18 1 24 10

2 or 8 if abnormal D-dimer* 15 2 22 38

3 or 9 if abnormal D-dimer* 20 1 29 51

4 or 10 if abnormal D-dimer* 8 1 21 43

5 or 11 if abnormal D-dimer* 0 0 4 10

6 or 12 if abnormal D-dimer* 0 0 0 2

* The D-dimer tests is incorporated in the Oudega rule and contributes for 6 points if abnormal.

1b- Prevalence of DVT across low score (risk) categories of the Qudeqga-rule

Varying the threshold on the Oudega rule to
rule out venous thromboembolism

(% of total)

Number of patients (efficiency)

Prevalence of VTE (safety)
(% of subgroup)

N=348

<3 (= very low according to original rule) 69 (19.9) 4 (5.8)
<2 48 (13.9) 3(6.3)
<1 31(9.0) 13.2)

1c- Prevalence of DVT across high score (risk) cateqgories of the Oudeaa-rule

Varying the threshold on the Oudega rule to
rule in venous thromboembolism

N=348

(% of total)

Number of patients

Prevalence of VTE (true
positive rate) (% of sub-
group)

>7 (= moderate to high according to original rule) 254 (73.0)

>8 220 (63.2)
>9 160 (46.0)
>10 (=high according to original rule) 80 (23.0)
>11 16 (4.6)
12 2(0.6)

154 (80.6)
144 (65.5)
106 (66.3)
55 (68.8)
12 (75.0)
2 (100)
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APPENDIX 2

Calibration of Oudega model in VT-elderly data

Calibration of the Oudega model on the VT-elderly data.
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Calibration of the Oudega model with updated intercept in the VT-elderly data (according to Janssen et aI).1
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CHAPTER 4

ABSTRACT

Importance The Wells-rule combined with normal D-dimer testing can be used to exclude pul-
monary embolism (PE).

Objective To assess the accuracy of this rule-out strategy in older suspected out-of-hospital
patients.

Design Prospective cohort study.

Setting Primary care and nursing homes.

Participants Older patients (=60 years) clinically suspected of PE.

Main outcomes and Measures The presence of PE was confirmed with a composite reference
standard including computed tomography and 3-month follow-up. We calculated the proportion
of patients with an unlikely risk according to the Wells-rule (<4 points) plus a normal qualitative
point-of-care D-dimer test (efficiency) and the presence of symptomatic PE during 3-month fol-
low-up within these patients (failure rate). In a post hoc analysis we estimated the efficiency and
failure rate of a revised and internally validated diagnostic strategy for older patients.

Results From July 2007 to April 2013, a total of 294 patients were included (mean 76 years, 44%
resided in nursing homes). PE occurred in 83 patients (28%). A total of 85 patients had an unlikely
Wells-score and a normal D-dimer test (efficiency 29%). In five of these 85 patients, non-fatal PE
occurred during 3-month follow-up (failure rate 5.9%; 95% confidence interval 2.5% to 13%). Ac-
cording to a refitted diagnostic strategy for older patients, 69 patients had a low risk of PE (24%)
of whom two had PE (failure rate 2.9%; 0.8 to 10%).

Conclusions and relevance The failure rate of the Wells-rule in combination with a qualitative
D-dimer test was higher in older patients as compared to previous studies in younger aged pa-
tients. A revised diagnostic strategy specifically for older suspected patients resulted in a lower
failure rate. External validation of this revised diagnostic approach for older patients with suspect-
ed PE is needed.
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INTRODUCTION

Given the exponential rise of the incidence of venous thromboembolism with increasing age, the
majority of pulmonary emboli occur in older patients.* The short-term mortality of pulmonary
embolism (PE) also rises with age and can be as high as 16% in the elderly.® Yet, though accu-
rately and timely diagnosing PE can be lifesaving, this is notoriously difficult in the elderly in whom
clinical signs and symptoms of PE are of low diagnostic value and may be mimicked by cardiac or
pulmonary comorbidities.®” As a result, physicians need to refer many suspected older patients to
‘catch’ one confirmed case of PE: typically only 20% of older suspected patients have confirmed
PE when actually referred for computed tomography of the pulmonary arteries.? This can be frus-
trating in clinical practice, as particularly the frail elderly are vulnerable for distress resulting from
transitions to hospital-care and for nephropathy induced by the contrast needed for computed
tomography.®2

Diagnostic decision rules like the Wells-score (see table 1) combined with D-dimer testing have
been developed to distinguish a subgroup of patients in whom the presence of PE can be cor-
rectly excluded without the need for further diagnostic work-up.”® This rule-out strategy has been
extensively validated in both primary and hospital care, mainly in younger aged patients.'*"® No-
tably frail older patients might benefit from such a strategy provided that it can correctly rule-out
PE in a substantial proportion of them without needing to be referred for imaging examination.
Surprisingly though, the accuracy of the existing clinical decision rules to rule-out PE has never
been tested in frail elderly populations. This is important, as a change in setting results in a dif-
ferent case mix, which can affect the diagnostic accuracy and thus generalizability of decision
rules to new patients.’®'® Therefore, we set out a prospective study to assess the accuracy of the
Wells-strategy to safely exclude PE in suspected frail older out-of-hospital patients.'

METHODS

This validation-study was based on combined data of two prospective observational studies
with 3 months follow up in the Netherlands. The first study, the Venous Thromboembolism in the
Elderly study (VT-elderly-study), enrolled community dwelling patients aged 60 years or over and
patients residing in nursing homes with a clinical suspicion of venous thromboembolism (either
deep vein thrombosis or PE or both) between October 2008 and April 2013.2° For its’ observa-
tional character, our study was judged as exempt from review by the local ethics review board of
the University Medical Center Utrecht, the Netherlands, according to the national law. To enhance
accrual and to reduce patient burden, we also recruited participants of the AMUSE2-study which
was performed by the same investigators in primary care setting between July 2007 and Decem-
ber 2010. The main results of this study have been published previously.™
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Older patients (60 years and over) with a clinical suspicion of PE were eligible for inclusion. This
suspicion was based on unexplained (deterioration of) dyspnea, pain on inspiration or unex-
plained cough. Patients were not eligible for inclusion if they received anticoagulant treatment
(vitamin K antagonists or oral direct thrombin- or factor Xa-inhibitors) at presentation or if they
declined providing informed consent. All physicians were provided with written instructions about
the logistics of the study and with qualitative point-of-care tests (Clearview Simplify D-dimer as-
say®, Inverness Medical Princeton, NJ USA) plus instructions for the performance and interpre-
tation of this test.

Diagnostic strategy under study

The primary aim of this study was to validate the accuracy of the Wells-rule combined with qual-
itative D-dimer testing to rule out PE in elderly out-of-hospital patients. Physicians systematically
recorded each patient’s medical history and signs and symptoms and the patient’s score on the
Wells-rule (see table 1).2' Subsequently, the qualitative point-of-care D-dimer test was performed.
Physicians were recommended to refer all patients with either a ‘likely’ score on the Wells-rule (>4
points) or an abnormal D-dimer test and to withhold referral in patients with an ‘unlikely’ score (<4
points) on the Wells-rule plus a normal D-dimer test. However, the pragmatic design of the study
left it to the physicians’ discretion whether a patient was indeed referred for further diagnostic in-
vestigations. Though not obligatory for the research protocol, for 208 study participants (60.1% of
the total population) a quantitative D-dimer test was performed and analyzed in local laboratories.

Outcomes

The presence of PE was confirmed with a composite reference standard including computed
tomography of the chest, VQ-scanning, compression ultrasonography of the leg and 3-month
follow-up. At 3 months, follow up was performed for all patients to assess the occurrence of
any venous thromboembolic event, major and clinically relevant non-major bleeding complication
(according to the definition of the International Society on Thrombosis and Hemostasis)?? and - if
applicable - cause of death. PE was considered present if 1) there was confirmed PE on comput-
ed tomography pulmonary angiography or VQ-scanning of the chest or 2) in case of confirmed
deep vein thrombosis with ultrasonography of the leg or in case of 3) death within 3 months which
was probably related to PE.

All patients who were not referred to a hospital for objective testing despite a score > 4 on the
Wells-rule or an abnormal D-dimer test and all patients in whom anticoagulant treatment was initi-
ated without objective confirmation of the diagnosis were evaluated by an adjudication committee
of 3 experts. If - based on all available clinical information - PE was deemed present by the com-
mittee, patients were further classified and analyzed accordingly. Deaths were similarly evaluated
by this committee and were adjudicated as probably or unlikely related to PE.
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Analyses

Some participants had missing values for one or more items of the Wells-rule or the D-dimer test
or had incomplete follow up data (1.4%; 3.0% and 4.7% respectively). To minimize the effect of
bias associated with selectively ignoring these patients, missing values were multiple imputed by
the chained equations procedure, given the at random pattern of ‘missingness’ (MAR).

The primary analysis focused on the proportion of patients with an unlikely risk (a Wells-score <4)
plus a normal D-dimer result among the total suspected population (i.e. efficiency), and the pro-
portion of patients with symptomatic PE during 3 months of follow-up within the patients with an
unlikely risk plus a normal D-dimer result (failure rate; i.e. 1 minus the negative predictive value). Bi-
nominal exact 95% confidence intervals were calculated according to the Wilson Score method.
Next we performed post-hoc analyses. We calculated the 3-month incidence of PE within differ-
ent score-categories of the Wells-rule and in the unlikely risk categories according to the modi-
fied and the simplified Wells-score as proposed by Gibson and colleagues (table 1).2% Finally, we
revised the model to the specific case-mix in this elderly suspected population. We refitted the
Wells-model and D-dimer test within our data thereby re-estimating all coefficients and the inter-
cept. As our study was not primarily powered to derive a new model, we did not add extra predic-
tors to the model. Rather we applied stepwise backward selection within the Wells-model using
a p-value of >0.1 on the likelihood ratio test as exclusion criterion.?* As newly derived models tend
to perform worse and overestimate the risk if applied in patients outside the study sample (i.e.
overfitting),?® we corrected the newly derived coefficients with a shrinkage factor, which was de-

Table 1 Clinical decision rules under study

Variables Points on the Points on the Points on the
original Wells modified Wells  simplified
rule®' rule®® Wells rule?®

Clinical signs and symptoms of deep vein thrombosis 3.0 2.0 1.0

PE more likely than alternative diagnosis 3.0 2.0 1.0

Heart rate >100 beats/min 1.5 1.0 1.0

Immobilization (>3 days) or surgery in previous 4 weeks 1.5 1.0 1.0

Previous PE or deep vein thrombosis 1.5 1.0 1.0

Hemoptysis 1.0 1.0 1.0

Malignancy (receiving treatment, treated in past 6 months, 1.0 1.0 1.0

or palliative)

Posttest probability based on the Wells rule

Unlikely <4 <2 <1
Likely >4 >2 >1
Low <2 n.a. n.a.
Moderate 2-6 n.a. n.a.
High >6 n.a. n.a.

n.a.= not applicable
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rived from internal validation within 1,000 bootstrap samples.2¢%” To construct an easily applicable
diagnostic rule, the regression coefficients were transformed and rounded according to their
relative contributions. We then calculated the numbers of patients and the 3-month incidence of
PE across score categories according to this adapted diagnostic strategy.

All analyses were performed using R-2.15.3 for Windows.

RESULTS

Study participants

A total of 312 older suspected PE patients were evaluated of whom 18 were excluded as they
fulfiled an exclusion criterion (n=17 anticoagulant use, n=1 declined providing informed consent)
leaving 294 study participants. The mean age was 76 years, 129 participants (44%) resided in
nursing homes, 36 had a history of coronary artery disease (12%) and 28 (10%) had an active
malignancy (table 2).

According to our composite reference standard, PE was confirmed in 83 patients (28%); fatal
PE presumed to have occurred in 11 of them (13%). Another 32 patients died within 3 months
to causes not attributable to PE, resulting in a 3-month all-cause mortality rate of 15%. Major
bleeding occurred in 2 patients and clinically relevant non-major bleeding in 3 patients (figure 1).

Patients with an unlikely risk of PE and a normal D-dimer test

Of the 294 study participants, 85 had an ‘unlikely’ Wells-score (<4 points) in combination with a
normal D-dimer test (efficiency 29%; 95% confidence interval 24 to 34%; figure 1). In five of these
85 patients, non-fatal PE occurred during 3-month follow-up (failure rate 5.9%; 2.5% to 13%). The
characteristics of these five patients are described in table 3. One of these five patients had not
undergone imaging examination but was adjudicated as PE present. If instead, for this patient it
were adjudicated that PE was absent, the failure rate of the Wells-strategy would have been 4.7%
(1.8 to 11%).

Scenario analyses

If physicians would have combined a normal D-dimer test with the Wells-score but using a lower
threshold, i.e. <2 instead of <4, 2 extra former missed cases would have been detected. This
would be at the expense of an extra 37 patients needing to be referred, resulting in an efficiency
of 16% (13 to 21%) and a failure rate of 6.3% (2.1 to 17%; table 4).

If the modified Wells-score was applied instead of the original Wells-score (table 1), PE would still
be missed in the same 5 patients (failure rate 6.0%; 2.6 to 13%). With the simplified Wells-score,
2 extra patients who were missed on the original Wells-score would be detected (failure rate of
4.2%; 1.4 to 12%) at the expense of 13 extra patients needing referral (efficiency 25%; 20 to 30%).
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Patient characteristic

Frequency n (%)

Total study population
Patients with confirmed PE
Demographic characteristics
Male
Age, years, mean (standard deviation)
Residing in nursing home
Symptoms
Unexplained dyspnea
Pain on inspiration
Chest pain
Unexplained cough
Acute onset of symptoms
Duration of complaints, days, median (interquartile range)
Signs
Concomitant suspicion of DVT*
Hemoptysis*
Tachycardia (>100 beats/minute)*
Mean heart rate (standard deviation)
Mean respiratory rate (standard deviation)
Crepitations
D-dimer abnormal
Medical history
Previous episode of deep vein thrombosis*
Previous episode of PE*
Chronic obstructive pulmonary disease
Heart failure (diagnosed with ultrasonography of the heart)
Angina pectoris
Myocardial infarction
Active malignancy*
Immobilization or surgery in previous month*
Co medication
Antiplatelet therapy

Prophylactic dose of low molecular weight heparin

294 (100)
83 (28.2)

99 (33.7)
75.6 (10.3)
129 (43.9)

190 (64.6)
144 (49.0)
110 (37.4)
77 (26.2)
208 (70.8)
36

41 (14.0)

8(2.7)

82 (27.9)

86.9 (18.9)
221 (7.9)

103 (35.0)
191 (65.0)

28 (9.5)
37 (12.6)
54 (18.2)
39 (13.3)
36 (12.2)
34 (11.6)
28 (9.5)
88 (29.9)

(
(

97 (33.0)
12 (4.1)

n.a.= not applicable; * predictor in the Wells rule; I including patients residing in homes for the elderly
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Revised strategy to exclude PE in older patients

As the failure rate for the Wells-strategy (original, modified or simplified) when applied to older
outpatients might be considered too high, we refitted a diagnostic model in combination with
the D-dimer result within our study-population. With this revised strategy (adjusted for overfitting;
shrinkage factor 0.89 (table 5)), a group of 69 patients with a ‘low risk’ of PE (<2 points) could be
assigned (efficiency 24%; 19 to 29%; figure 2). PE was present in 2 of these 69 patients (failure rate
2.9%; 0.8 to 10%). Also, 53 patients (18% of the total population) with a ‘high risk’ of PE (>6 points)
could be distinguished; 39 of these patients indeed had PE (74%; 60 to 84%). PE was confirmed
in 42 (24%; 29 to 31%) of the remaining 172 patients (59% of the total population; 2 to 6 points).

DISCUSSION

We assessed the accuracy of the Wells-strategy combined with a qualitative point-of-care D-di-
mer test to rule-out PE in frail older out-of-hospital patients.?' The failure rate of this strategy was
higher (6%) than expected based on previous validation studies conducted among younger aged
suspected patients; a recent meta-analysis on the same strategy (Wells-score <4 combined with
a normal D-dimer test) to exclude PE in - on average younger - suspected patients reported a
failure rate below 1%."

The difference between our and previously reported failure rates likely results from the much
higher prevalence of PE in our older study population (almost 30%) as compared to prevalence in
the previous studies (ranging from 9.5% to 23%). This substantially higher prevalence in our study
resulted in a higher prior-probability for PE and thereby likely to a lower proportion of patients that
could be correctly classified as PE absent (i.e. a higher failure rate).'®'428-33 Yet, though we cannot
fully exclude the possibility that this higher prevalence reflects a somewhat lower awareness
of PE among elderly care physicians, we stress that our study population represents a distinct
population of frail old patients (mean age 76 years) with many co-morbidities (table 2), a short
life expectancy (3-month all-cause mortality rate 15%) and almost half of the patients residing in
nursing homes. As age, nursing home confinement and co-morbidity are all strong risk factors for
PE, this higher prevalence of PE in our frail old population could thus have been expected.243435
The higher failure rate in our study might also be (partly) explained by the application of a qualita-
tive point-of-care D-dimer assay. This assay has a somewhat lower sensitivity than the high-sen-
sitive ELISA assays.®® In the current study, we found that in four of the five PE cases in the low
risk category (based on a normal qualitative D-dimer test and a total Wells-score <4), the D-dimer
test result would have been classified abnormal according to a quantitative D-dimer test (table
3). Nevertheless, two previous validation studies where the same D-dimer assay in combination
with clinical decision rules were applied still yielded much lower failure rates (1.5% and 1.4%). But,
as said, the prevalence and thereby the prior probability of venous thromboembolism was much
lower in these studies (12% and 14% ) as compared to our study.'*%"
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Figure 1 Flow of participants through the study, using the original Wells score'®

Patients suspected of
pulmonary embolism

n=312*
Excluded patients n = 18 <
Anticoagulant use n = 17 A 4
Not willing to participate n = 1 Study patients
n =294

‘Unlikely” Wells score < 4 ‘Likely” Wells score > 4

n=178 n=116
D-dimer normal: D-dimer abnormal:
n=2385 n= 93t
A \ 4 A
Reference: Reference: Reference:
CT or V/Q n = 25 (29%) CT or V/Q n = 50 (54%) CT or V/Q n = 70 (60%)
3m f-up only n =61 (71%) CUS n=3 (2%) CUS n=3 (2%)

3 mf-up + AC n = 41(44%) 3 mf-up + AC n = 44 (38%)

A 4 A A
Total PE-events n=19 Total PE-events n= 59

Total PE events n=5

(5.9%; 95% CI 2.5 to
13.0%) T

Fatal PE-events n= 0

3-month all-cause mortality
n=7(8.2%)

Bleeding n=0

(20.4%; 95% Cl 13.5 t0 29.7%)
Fatal PE-events n=3 (3.2%)

3-month all-cause mortality n=
15 (16.1%)

Major bleeding n=1 (1.1%)
Non-major bleeding n=1 (1.1%)

Anticoagulant treatment n=26
(28.0%)

(50.9%; 95% Cl 41.9 to 59.8%)
Fatal PE-events n= 8 (6.9%)

3-month all-cause mortality n= 21
(18.1%)

Major bleeding n=1 (0.9%)
Non-major bleeding n=2 (1.7%)

Anticoagulant treatment n= 59
(560.9%)

*n=150 patients were entered in the study via the AMUSE2 —study; 1 one of the missed patients did not undergo refer-
ence testing but was adjudicated as PE positive, if this patient were adjudicated as PE negative the failure rate would have
been 4.7% (1.8 to 11.4%) ; TD-dimer result was invallid or uniterpretable in 7 patients.

VTE=venous thromboembolism; CT = computed tomography; V/Q = ventilation-perfusion; CUS= compressionultraso-
nography of the lower extremity, 3 m f-up = 3 months follow-up; AC= adjudication committee; D-Dimer positive= quanti-
tive D-dimer =500 pg/L and/or POC DD test positive
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Table 3 Detailed description of the 5 patients classified as unlikely risk (based on a Wells-score of <4) and with a normal
D-dimer test but diagnosed with PE.

Patient No Description Reference
test

1 80-years old female, community dwelling, subacute progressive shortness of breath CUS +CT
after a flight. Painful and swollen leg, no chestpain. Wells-score*=3 points (immobili-
zation and prior deep venous thromboembolism). Point of care D-dimer test normal.
Quantitative D-dimer 4000 pg/L.

2 75-years old male, community dwelling. Acute onset of pain on inspiration, no dys- CT
pnea. Wells-score*= 1.5 (prior venous thromboembolism). Point of care D-dimer test
normal. Quantitative D-dimer 6820 pg/L.

3 66-years old male community dwelling, acute onset of dyspnea, no chest pain. Wells-  CT
score*= 0 points. Point of care D-dimer test normal. Quantitative D-dimer 1530 ug/L.

4 77-years old female, chair bound, nursing home resident. Dyspnea and cough. Adjudication
Wells-score*= 1.5 points (tachycardia). Point of care D-dimer test normal. Quantitative panelt
D-dimer 3600 ug/L. Passed away 6 weeks after suspicion of PE, supposed cause of
death hearth failure.t

5 63-years old female, community dwelling, acute dyspnea, pain on inspiration, chest CT

pain and pain on inspiration, after a long haul flight. Wells-score*=3 points (tachycardia
and immobilization). Point of care D-dimer test normal.

* as scored by their physician; CUS= compression ultrasonography of the lower limb, fadjudicated as PE present but
mortality not due to PE.

Table 4 Scenario analyses

n=294

Number of patients
(% of total; 95% confi-
dence interval)

Prevalence of PE
(% of subgroup; 95%
confidence interval)

Original Wells score < 4, and normal D-dimer
All study participants

Varying the threshold on the original Wells rule combined with
D-dimer testing

Low Wells score (<2) + normal D-dimer

Likely Wells score (>4) + abnormal D-dimer

High Wells score (>6) + abnormal D-dimer*
Modified Wells Rule®®

Low score on modified Wells-rule (<2) + normal D-dimer
Simplified Wells Rule®®

Low score on simplified Wells-rule (1) + normal D-dimer

85 (28.9; 24.0 to 34.3)

48 (16.3; 12.5 10 21.0)
98 (33.3; 28.2 10 38.9)
16 (5.4; 3.4 10 8.7)

83 (28.2; 23.4 to 33.6)

72 (24.5;19.9 o 29.7)

5 (5.9; 2.5 to 13.0)

3(6.3; 2.1 10 16.9)
58 (59.2; 49.3 to 68.4)
13 (81.3; 57.0 t0 93.4)

5 (6.0; 2.6 10 13.3)

3(4.2;1.410 11.6)
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Clinical score <2
N= 69 (23.5%)

Suspected of
pulmonary
embolism

n=294
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Figure 2 Revised diagnostic strategy for the elderly to refute or diagnose PE

Clinical score 2-6
N =172 (58.5 %)

Clinical score >6
N= 53 (18.0%)

A: Low risk

PEN=2 (2.9%; 0.8 to
10.0%)

Do not refer and do not
treat.

h 4

B: Intermediate risk

PE N= 42 (24.4%; 18.6
to 31.4%)

Refer for additional
imaging examination.

C: High risk
PE N= 39 (73.6 %; 60.4 to 83.6%)
Refer for additional imaging to

confirm or refute a diagnosis, or
even (if referral is deemed

undesirable in a particular patient)
one may direct treat with
anticoagulant treatment given the
high probability of PE presence.

Strengths and limitations of the study

To our knowledge, this is the first study on the accuracy of diagnostic strategies to exclude PE
with particular focus on frail older patients.

However, some aspects of our study require comment. First, a combination of tests combined
with 3-month follow-up were used to define the presence or absence of PE. Also, by protocol, the
choice of the applied reference test was related to the score on the Wells-rule and the D-dimer
result (differential disease verification).33° For patients with an unlikely risk and normal D-dimer
test we had to rely on clinical follow-up to detect any missed pulmonary emboli. This could have
introduced small under- or overestimations of the failure rates as small (probably clinically less
relevant) emboli may have been missed in these patients or de novo pulmonary emboli could have
been developed within these 3 months.38:3°

Second, to approach clinical practice, we used the clinical variables as scored by the physicians.
As aresult, there might have been some inter-rater variability in the interpretation and subsequent
scoring of the more subjective items of the Wells’ rule like the item “PE more likely than alternative
diagnosis”.

Furthermore, 85 patients (29%) with either a likely score on the Wells-rule (>4 points) or an ab-
normal D-dimer test were not referred for imaging examination. Since the physicians’ decision to
withhold imaging examination was related to patient-characteristics (referral was notably withheld
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Table 5 Refitted diagnostic strategy for the elderly to refute or diagnose PE. C-statistic (optimism corrected) 0.80 (95%

confidence interval 0.75 to 0.86). Correction factor slope 0.89, correction factor intercept -0.06.

Variables for PE
(Wells strategy)

Regression coeffi-
cient in derivation

cohort®

Points original
rule®®

Regression coeffi-
cient in VT-elderly
study (retaining
after backward

Points based on
VT-elderly (coeffi-
cients * 1.65)

selection)
Signs/ symptoms 1.8 3.0 1.14 2
of DVT
PE most likely diag- 1.5 3.0 1.01 1.5
nosis
Heart rate >100 11 1.5 0.90 1.5
beats/min
Immobilisation or 0.87 1.5 0.56 1
surgery
Previous VTE 0.92 1.5 1.21 2
Haemoptysis 0.87 1.0 -
Malignancy 0.81 1.0 -
D-dimer abnormal - Not in rule 1.75 3
Intercept a -3.76

a No value for the intercept was reported in the publication describing the Wells score
Predicted probability of PE according to original Wells rule =1/(1+exp-(intercept a+ 1.8* signs and symptoms of DVT +
1.5"PE most likely + 1.1*tachycardia + 0.87*recent immobilization or surgery +0.92*previous VTE + 0.87*hemoptysis +

0.81*malignancy)).

Predicted probability of PE according to the updated rule =1/(1+exp-(-3.76+ 1.14* signs and symptoms of DVT +
1.01*PE most likely + 0.90*tachycardia +0.56*immobilization or surgery +1.21*previous VTE + 1.75*abnormal D-dimer)).

for the frailest patients and patients in terminal life-phase), we chose not to exclude these patients

to avoid selection of only the ffittest elderly’. Instead, an adjudication committee of experts in the

field of venous thromboembolism decided on each of these 85 patients whether it was likely or

unlikely that PE indeed was present. This might also have introduced some classification errors of

the final diagnosis, but it highly reflects clinical practice. To avoid differential verification bias, we

explicitly focused - according to recent methodological standards - on predictive values (i.e. the

failure rate) rather than on estimates of the sensitivity and specificity as the former estimates are

hardly affected by differential verification.383°
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Clinical implications

Though there is no consensus on what exact proportion of missed cases is still acceptable,
many studies have considered a point-estimate of around 2% missed cases as acceptable as
these values correspond with the proportion of missed cases given that all suspected patients
were referred for the gold standard (CT pulmonary angiography).!®1528-3340 Based on this safety
standard of 2%, one has to consider the use of an unlikely Wells-score combined with normal
qualitative D-dimer test as investigated in our study as an unsafe strategy to rule out PE in frail
older out-of-hospital patients. Accordingly this would actually imply that all frail older out-of-hos-
pital patients with suspected PE should be referred to undergo computed tomography; including
those with a 5.9% risk of subsequent PE as based on an unlikely Wells score combined with a
normal D-dimer test. Referring all suspected patients seems unappealing and unrealistic for this
frail population. Indeed, referral was withheld in more than half (54%) of the nursing home patients
who had a likely risk according to the Wells-rule or an abnormal D-dimer test. Clearly, the potential
risks and burden of additional testing and hospital transfers for frail older patients such as the risk
of contrast-induced nephropathy and functional decline implicitly played a role in this decision
making.'®4-44 These considerations and the higher failure rate in older patients as compared to
the younger aged, may raise a discussion among elderly care professionals whether the original
Wells-strategy might still be considered useful for frail elderly outpatients with suspected PE as it
can contribute to avoidance of burdensome imaging examinations for 29% them. However, the
medical professional may consider the failure rate still as too high or the efficiency of 29% as too
low. This prompted us to perform several post-hoc analyses, to provide direction for future diag-
nostic work up of PE in this distinct population. We first assessed whether lowering the threshold
or using the simplified or modified version of the Wells’ strategy could improve the safety.?® How-
ever, none of these strategies resulted in a substantial reduction of the failure rate. Secondly, we
developed a revised strategy within our elderly study population resulting in an improved safety
(2.9%), but still with an efficiency of 24%.'

Considering the possible harms of referral to a hospital for elderly patients, we assessed whether
it was possible to further reduce the referral rate by considering a rule-in strategy for the frailest
patients. For this purpose, our revised strategy can also be used to distinguish elderly patients
(18% of the study population) with a high risk of PE (74%). In these patients anticoagulant treat-
ment might be directly initiated if referral is deemed undesirable. The downside of this ‘rule-in
strategy’ is that approximately 25% of the patients in this high-risk group would be exposed to
the risks and burden of anticoagulant therapy while no PE is indeed present.*® Yet, by using this
combined rule-out and rule-in approach, clinicians would be able to make a decision for 42% of
older patients with suspected PE (rule out the diagnosis in 24% and rule in the diagnosis in 18%;
figure 2) and thereby to avoid he burden of referral to a radiology department and the subsequent
risk of contrast induced nephropathy in these frail older patients for whom the disadvantages of
further testing are of particular concern.
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Conclusions and implications

The Wells-strategy for PE (original, modified simplified, or by using a lower threshold) in combi-
nation with a qualitative D-dimer test has a lower safety when applied in frail older out-of-hospital
patients as compared to previous studies among younger ages. Our findings highlight that frail
older out-of-hospital patients with suspected PE represent a distinct population in whom the use
of a well-known and widely used Wells-strategy does not guarantee safe exclusion of PE. We
therefore refitted a new diagnostic strategy for older suspected patients, resulting in an improved
safety.” Our revised diagnostic model for the elderly was also able to distinguish patients with
a very high probability of PE in whom treatment might be directly initiated if referral to a hospi-
tal is considered as too burdensome. This might enable clinicians’ decision-making for 42% of
older patients without the need for further diagnostic work-up. Before implementing our revised
diagnostic strategy for the frail elderly in daily practice, its acceptability should be discussed
among health-care-providers. Moreover, we worked with a relatively small dataset which made
the updated model prone for overfitting. Though we corrected for this as much as possible with
shrinkage methods, further validation of our revised strategy for the elderly suspected PE patients
in larger study populations is needed."
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CHAPTER 5

ABSTRACT

Objective To determine whether the use of age adapted D-dimer cut-off values can be translated
to primary care patients who are suspected of deep vein thrombosis.

Design Retrospective, cross sectional diagnostic study.

Setting 110 primary care doctors affiliated with three hospitals in the Netherlands.

Participants 1,374 consecutive patients (936 (68.1%) aged >50 years) with clinically suspected
deep vein thrombosis.

Main outcome measures Proportion of patients with D-dimer values below two proposed age
adapted cut-off levels (age in yearsx10 pg/L in patients aged >50 years, or 750 ug/L in patients
aged =60 years), in whom deep vein thrombosis could be excluded; and the number of false
negative results.

Results Using the Wells score, 647 patients had an unlikely clinical probability of deep vein throm-
bosis. In these patients (at all ages), deep vein thrombosis could be excluded in 309 (47.8%) using
the age dependent cut-off value compared with 272 (42.0%) using the conventional cut-off value
of 500 pg/L (increase 5.7%, 95% confidence interval 4.1% to 7.8%). This exclusion rate resulted in
0.5% and 0.3% false negative cases, respectively (increase 0.2%, 0.004% to 8.6%).The increase
in exclusion rate by using the age dependent cut-off value was highest in the oldest patients. In
patients older than 80 years, deep vein thrombosis could be safely excluded in 22 (35.5%) pa-
tients using the age dependent cut-off value compared with 13 (21.0%) using the conventional
cut-off value (increase 14.5%, 6.8% to 25.8%). Compared with the age dependent cut-off value,
the cut-off value of 750 pg/L had a similar exclusion rate (307 (47.4%) patients) and false negative
rate (0.3%).

Conclusions Combined with a low clinical probability of deep vein thrombosis, use of the age
dependent D-dimer cut-off value for patients older than 50 years or the cut-off value of 750 pg/L
for patients aged 60 years and older resulted in a considerable increase in the proportion of pa-
tients in primary care in whom deep vein thrombosis could be safely excluded, compared with the
conventional cut-off value of 500 pg/L.
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INTRODUCTION

Venous thromboembolism (pulmonary embolism and deep vein thrombosis) is a common dis-
ease in elderly people. In fact, the annual incidence of venous thromboembolism rises sharply
with age, from an insignificant rate in children (less than five cases per 100000 people) to 450-
900 cases per 100000 people in those older than 80 years."? Short term mortality of venous
thromboembolism also increases with age, and can occur in more than 15% of elderly patients."®
Hence, especially in this age group, accurate and timely diagnosis of venous thromboembolism
can be lifesaving.* However, comorbidity often camouflages typical signs and symptoms of ve-
nous thromboembolism, and the diagnosis of deep vein thrombosis and pulmonary embolism is
difficult and is often missed in elderly populations.*

Accurate exclusion of venous thromboembolism can be improved by the additional use of tests
to measure the concentration of D-dimer (a degradation product of fibrin). Negative test results
are commonly used to rule out patients with suspected venous thromboembolism and a low
clinical probability.>¢ However, D-dimer concentration increases with age and its specificity for
venous thromboembolism decreases in elderly patients.”® This effect leads to more false positive
test results in elderly people (that is, detection of a lower proportion of these patients in whom
venous thromboembolism can be excluded). As a result, many elderly patients could be referred
to hospital unnecessarily for additional testing.*'"" Many physicians would prefer to rule out ve-
nous thromboembolism (especially in frail elderly patients) without an often burdensome referral.
To improve the diagnostic strategy of suspected venous thromboembolism in elderly patients,
Douma and colleagues'® recently derived and internally validated an age dependent D-dimer
cut-off value for those with clinically suspected pulmonary embolism in secondary care. The
researchers defined this cut-off value as age (years)x10 pg/L in patients older than 50 years (for
example, a patient aged 73 years would have a cut-off value of 73*10=730 pg/L). Use of this
formula doubled the proportion of patients older than 70 years in whom pulmonary embolism
could be excluded, without hampering the false negative rate of such an approach.”® In addition,
Haas and colleagues proposed an alternative, fixed cut-off value of 750 pg/L in patients aged 60
years and older who were referred to secondary care with symptoms of deep vein thrombosis."?
This proposed cut-off value also yielded an increased proportion of patients in whom deep vein
thrombosis could be correctly excluded.

The age dependent value and fixed value can both help safely exclude venous thromboembo-
lism in a large proportion of frail elderly patients without the need for burdensome referrals for
further diagnostic work-up. However, the age dependent cut-off value was not validated for use
in patients suspected of deep vein thrombosis. Since deep vein thrombosis and pulmonary em-
bolism can be seen as expressions of the same disease,’® we hypothesised that use of the age
dependent cut-off value could be extrapolated to patients with suspected deep vein thrombosis.
Furthermore, both the age dependent value and the fixed value were not validated in primary care.
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Before implementing these different cut-off values for patients with suspected deep vein throm-
bosis, a formal validation study would be needed." " Therefore, we aimed to compare the exclu-
sion rate and false negative rate of both proposed cut-off values with those of the conventional
cut-off value of 500 pg/L for the exclusion of deep vein thrombosis in a large cohort of patients
with clinically suspected deep vein thrombosis in primary care.

METHODS

Patients

We performed a retrospective analysis of data from two originally prospective, diagnostic accu-
racy studies that included 2086 primary care patients suspected of deep vein thrombosis. The
first study was a derivation study for a new diagnostic rule to determine the presence or absence
of deep vein thrombosis in primary care patients (n=1,295).'® On behalf of validation of the newly
derived rule, researchers extended the study within the same setting and added 791 patients to
the initial cohort®'” (so-called temporal validation).'®'® The characteristics of these studies have
been published previously.®6:1720

In short, the studies were conducted among 110 primary care physicians affiliated with three
hospitals in the Netherlands, between 1 January 2002 and 1 January 2006. The three adhering
hospitals participated in a diagnostic programme in which the primary care physicians used diag-
nostic facilities of the hospital without referring the patient to a hospital specialist. All consecutive
adults with a clinical suspicion of deep vein thrombosis were eligible for inclusion. Suspicion of
deep vein thrombosis was based on swelling, redness, or pain of the lower extremities. The study
excluded patients if symptoms and signs lasted for more than 30 days and if there was a suspi-
cion of pulmonary embolism. The study also excluded patients receiving anticoagulant treatment
at presentation or who were unwilling to participate in the studies. Written informed consent was
obtained from patients. The studies were approved by the local ethics review boards of the Uni-
versity Medical Center Utrecht, the Netherlands.

Each patient was assessed for the clinical probability score according to Wells,?" and measured
for plasma D-dimer (VIDAS (Biomerieux) or Tinaguant (Roche) assays). On the same day, all pa-
tients underwent reference testing by repeated compression ultrasonography of the symptomatic
leg, performed with a real time, B-mode, linear array sonographic scanner at 5.0-7.5 MHz (system
V GE/Sonotion).?? The entire proximal deep vein system was explored for compressibility. In pa-
tients with a normal ultrasonography, the test was repeated at day seven. Deep vein thrombosis
was established if at least one of the deep veins in the legs was not completely compressible
at one of the two compression ultrasonography examinations, or excluded after two negative
examinations (that is, revealing completely compressible veins of the legs). The performers and
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Table 1 Baseline characteristics of study patients with clinically suspected deep vein thrombosis. Data are no (%) of
patients unless specified otherwise

No of patients (N=1374)

Age (years)* 59.3 (17.4)
Female 863 (62.8)
Active malignancy 61 (4.4)
Paresis 194 (14.1)
Recent surgery or bedridden 168 (12.2)
Localised tenderness in deep vein system 966 (70.3)
Entire leg swollen 596 (43.4)
Calf distension =3 cm 551 (40.1)
Pitting oedema 838 (61.0)
Vein distension 254 (18.5)
Alternative diagnosis present 672 (48.9)
History of deep vein thrombosis 284 (20.7)
Wells score* 1.66 (2.0)
Prevalence of deep vein thrombosis 270 (19.7)

*Data are mean (standard deviation).

interpreters of the examinations (board certified radiologists) were blinded to information on the
patient’s history, physical examination and D-dimer test results.

Data analysis

For the current analysis, we included only participants for whom D-dimer test results were avail-
able (n=1,374). We calculated the clinical probability of deep vein thrombosis for all patients using
the Wells clinical prediction rule. Patients were classified according to the dichotomised Wells
score as “likely” (=2) or “unlikely” (<1) to have deep vein thrombosis.?' We dichotomised D-dimer
concentrations by using the age dependent cut-off value proposed by Douma and colleagues in
patients older than 50 years (age in yearsx10 pg/L)'°; the fixed cut-off value of 750 ug/L in patients
aged 60 years and older, as proposed by Haas and colleagues'?; and the conventional cut-off
value of 500 pg/L in patients of all ages.?'

For patients with an unlikely clinical probability of deep vein thrombosis according to the Wells
score, we calculated the proportion in whom deep vein thrombosis could be excluded (based on
an unlikely clinical probability and a negative D-dimer test result using the different cut-off values).
We also calculated the corresponding proportions of false negative results - that is, prevalence
of deep vein thrombosis (as established by compression ultrasonography) among patients in the
age group. We calculated the number of patients needed to undergo a D-dimer assay to exclude
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Table 2 Proportion of patients with unlikely probability of deep vein thrombosis (Wells score <1) in whom deep vein
thrombosis could be excluded, by age group. Data are no (%, 95% Cl) of patients, unless stated otherwise

Age group (years)

All ages 50-60 60-70 70-80 >80
Median age (years) 57 55 66 74 85
No (%) of patients 647 (100) 126 (19.5) 107 (16.5) 11 (17.2) 62 (9.6)
Conventional cut-off value (500
pg/L)
Patients below value 272 (42.0, 59 (46.8,37.9 35(32.7,24.0 34(30.6,22.2 13(21.011.7
38.2 10 46.0) to 55.9) to 42.5) to 40.1) t0 33.2)
Patients with false negative 2(0.3,0.04 0 1 (0.9, 0.02 0 0
result to 1.1) to 5.1)
Number of patients needed 2.4 241 3.1 3.3 4.8
to test
Age dependent cut-off value*
Patients below value 309 (47.8, 64 (50.8,417 42(39.3,30.0 50 (45.0,35.6 22(35.5,237
43.9t0 51.7) t0 59.8) 10 49.2) to 54.8) t0 48.7)
Patients with false negative 3 (0.5, 0.01 1(0.8,0.02 1(0.9, 0.02 0 0
result 10 1.3) 10 4.3) t0 5.1)
Number of patients needed 21 2.0 2.6 2.2 2.8
to test
Cut-off value (750 pg/L)t
Patients below value 307 (47.4, 59 (46.8,37.9 45(421,32.6 51(459,36.4 21(33.9,223
43.5 t0 51.4) t0 55.9) t0 52.0) t0 55.7) to 47.0)
Patients with false negative 2(0.3,0.04 0 1(0.9,0.02 0 0
result to 1.1) to0 5.1)
Number of patients needed 21 2.1 2.4 2.2 3.0
to test
Absolute increase in efficiency
(% (95% Cl))
Using age dependent cut-off 57(41t078) 39(1.3t09.0) 6.5(27to 14.4 (8.5 to 14.5 (6.8 to
valuet 13.0) 22.3) 25.8)
Using cut-off value (750 ug/L)§ 5.4 (3.8to 7.4) Not applicable 9.3 (4.6 to 156.3 (9.2 to 12.9 (6.7 to
16.5) 23.4) 23.9)

*Age (years)*10 ug/L for patients older than 50 years; conventional cut-off value 500 pg/L for younger patients.

TCut-off value 750 pg/L for patients aged 60 years and older; conventional cut-off value 500 pg/L for younger patients.
tCalculated as percentage of patients in whom deep vein thrombosis can be excluded by use of age dependent cut-off
value minus percentage of patients in whom deep vein thrombosis can be excluded by use of conventional cut-off
value.
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Table 3 Proportion of patients with unlikely probability of deep vein thrombosis (Wells score <1) in whom deep vein
thrombosis could be excluded, by D-dimer assay used. Data are no (%, 95% ClI) of patients, unless stated otherwise

VIDAS test (n=323) Tinaquant (n=324) P

Median age (years) 60 54 <0.001
Conventional cut-off value (500 pg/L)

Below value 106 (32.8, 27.7 t0 38.2) 166 (51.2, 45.6 to 56.8) <0.001

With false negative result 1(0.3,0.01to 1.7) 1(0.3,0.01t0 1.7) 0.97
Age dependent cut-off value*

Below value 128 (39.6, 34.2 t0 45.2) 181 (565.9, 50.3 to 61.3) <0.001

With false negative result 2(0.6,0.01t02.2) 1(0.3,0.01t0 1.7) 0.53
Cut-off value (750 pg/L)t

Below value 128 (39.6, 34.2t0 45.2) 179 (65.2, 49.7 to 60.7) <0.001

With false negative result 1(0.3,0.01to 1.7) 1(0.3,0.01t0 1.7) 0.97

Absolute increase in efficiency (% (95% ClI))
Using age dependent cut-off valuet

Using cut-off value (750 pg/L)§

6.8 (4.31t010.1)
6.8 (4.3t010.1)

4.6 (2610 7.5)
4.0 (2110 6.8)

Not significant

Not significant

P values calculated by Pearson’s Chi-square 2 two sided tests.

*Age (years)*10 ug/L for patients older than 50 years; conventional cut-off value 500 pg/L for younger patients.

FCut-off value 750 ug/L for patients aged 60 years and older; conventional cut-off value 500 pg/L for younger patients.
FCalculated as percentage of patients in whom deep vein thrombosis can be excluded by use of age dependent cut-off
value minus percentage of patients in whom deep vein thrombosis can be excluded by use of conventional cut-off
value.

§Calculated as percentage of patients in whom deep vein thrombosis can be excluded by use of cut-off value 750 pg/L
minus percentage of patients in whom deep vein thrombosis can be excluded by use of conventional cut-off value.

deep vein thrombosis in one patient (that is, the number of patients needed to test) by dividing
1 by the proportion of patients with a negative test result and indeed without deep vein throm-
bosis (that is, the proportion of true negatives).?*> We did analyses with SPSS version 17.0, and
calculated appropriate 95% confidence intervals using a programmable calculator application in
Microsoft Office, Excel 2003.%

RESULTS

Table 1 shows the baseline characteristics of all included participants with available D-dimer
results (n=1,374). Mean age was 59.3 years (standard deviation 17.4) and most participants
were older than 50 years (936/1,374, 68.1%). Prevalence of deep vein thrombosis was 19.7%
(270/1,374). Of 1,374 participants of all ages, 647 (47.1%) had an unlikely clinical probability of
deep vein thrombosis (Wells score <1; table 2). Using the conventional D-dimer cut-off value of
500 pg/L, 272 of these 647 participants had negative test results (42.0%, 95% confidence interval
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38.2% 10 46.0%, number needed to test 2.4). Two of these 272 participants had deep vein throm-
bosis, a false negative proportion of 0.3% (0.04% to 1.1%).

Using the age dependent cut-off value (age in yearsx10 ug/L for patients aged >50 years), we
could exclude deep vein thrombosis in 309 patients (47.8%, 95% confidence interval 43.9% to
51.7%; table 2), which was an additional 37 patients (absolute increase 5.7%, 4.1% to 7.8%, num-
ber needed to test 2.1) compared with the conventional cut-off value of 500 ug/L. The age de-
pendent cut-off value missed one patient more than the conventional cut-off value (three missed
cases (false negative proportion 0.5%, 0.01% to 1.3%) v two (0.3%, 0.04% to 1.1%), respectively;
increase 0.2% (0.004% to 8.6%)).

Using the fixed cut-off value of 750 pg/L in participants aged 60 years and older, we could exclude
deep vein thrombosis in 307 patients (47.4%, 95% confidence interval 43.5% to 51.4%, number
needed to test 2.1; table 2). Compared with the conventional cut-off value of 500 pg/L, use of the
fixed cut-off value could exclude deep vein thrombosis in an additional 35 patients (5.4%, 3.8% to
7.4%). The fixed cut-off value did not miss any extra cases, and the false negative rate remained
at 0.3% (0.04% to 1.1%).

Effect of age on efficiency and safety of different D-dimer cut-off values

Use of the age dependent cut-off value (at age >50 years) and cut-off value of 750 ug/L (at age
=60 years) instead of the conventional cut-off value of 500 pg/L (at all ages) showed an increas-
ing efficiency (that is, a higher proportion of patients in whom deep vein thrombosis could be
excluded) with increasing age, without compromising safety (that is, the false negative proportion
of patients). The proportion of patients aged 70-80 years in whom deep vein thrombosis could
be excluded increased from 30.6% (95% confidence interval 22.2% to 40.1%; table 2) using the
conventional cut-off value to 45.0% (35.6% to 54.8%) using the age dependent cut-off value and
45.9% (36.4% 1o 55.7%) using the cut-off value of 750 pg/L. In patients older than 80 years, these
proportions were 21.0% (11.7% to 33.2%), 35.5% (23.7% to 48.7%), and 33.9% (22.3% to 47.0%),
respectively.

Performance of age adapted cut-off values with different D-dimer assays

Since the original studies used two different D-dimer assays (Tinaquant or VIDAS),%'¢1"20we did
separate analyses for these two assays. We found no differences between the two assays in false
negative rates for any of the studied cut-off values (table 3). However, irrespective of the cut-off
value applied, deep vein thrombosis was ruled out more frequently in the Tinaquant assay group
than in the VIDAS assay group.
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DISCUSSION

This study showed that the use of an age dependent cut-off value (age*10 pg/L in patients aged
>50 years) and a fixed cut-off value (750 pg/L in patients aged =60 years), combined with an
unlikely clinical probability of deep vein thrombosis, resulted in a considerable increase in the
proportion of suspected elderly patients in primary care in whom deep vein thrombosis could be
safely and correctly excluded, compared with use of the conventional cut-off value (500 pg/L at
all ages). Use of these proposed D-dimer cut-off values reduced the number needed to test by
compression ultrasonography. This increase in diagnostic efficiency rose with age, notably in the
eldest group of elderly patients. These findings are important, since further diagnostic testing can
thus be avoided in these often frail elderly patients.

Strengths and limitations of the study

This study provides an external validation of two age adapted, D-dimer cut-off values previously
proposed in secondary care patients with suspected venous thromboembolism, and translates
these results to a large cohort of patients in primary care with suspected deep vein thrombosis.
This study had some limitations. D-dimer values were missing in 712 of 2,086 participants in the
original studies, because only dichotomised D-dimer values (high v low) were displayed by the
laboratories in the early inclusion phase. Therefore, the availability of the D-dimer values was
time dependent. Time can change the nature of study populations. For example, a tendency for
incidence of venous thromboembolism to fall in suspected patients over time has been reported.?
Therefore, we analysed whether the absence versus presence of a D-dimer value was related to
observed patient characteristics. Most baseline characteristics (11 of 14) were the same in pa-
tients with and without available D-dimer values (appendix 1); the prevalence of deep vein throm-
bosis and the mean Wells score also did not differ between the two groups (deep vein thrombosis
19.7% v 20.4%, P=0.698; mean Wells’ score 1.66 (standard deviation 1.97) v 1.74 (2.20), P=0.658).
Therefore, we believe that the exclusion of the patients with missing D-dimer values was probably
not related to patient characteristics and thus did not bias our results.

We also repeated the entire analysis with the missing D-dimer values imputed, using multiple im-
putation techniques (appendix 2). This advanced strategy deals with missing values, and is gen-
erally preferred over complete case analysis. In short, we based a multiple imputation regression
model on the observed D-dimer values and corresponding patient characteristics. We then used
this model to estimate missing values according to the observed patient’s characteristics.?® This
analysis yielded the same results sustaining the inferences of the complete case analysis, which
further confirmed our assumption that the study findings would not change if the missing D-dimer
values had been present.

Another limitation was that we used two different laboratory techniques - VIDAS, an enzyme
linked immunosorbent assay (ELISA), and Tinaquant, a latex agglutation test. Although assay de-
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pendent thresholds have been suggested previously,?%2?” we based our analysis on a conventional
cut-off point of 500 pug/L for both assays. After stratifying for type of assay, we found no differ-
ences in safety between the two tests, irrespective of the cut-off level applied (table 3). However,
deep vein thrombosis could be ruled out more frequently in patients in the Tinaquant assay group
than in those in the VIDAS group. These findings accord with those of Di Nisio and colleagues,?
who reported a higher safety at the expense of a lower efficiency when using the VIDAS test,
compared with the Tinaquant test.

We also used serial compression ultrasonography as the reference test. Owing to its non-inva-
siveness and its accuracy running close to the gold standard, compression ultrasonography has
largely replaced venography in current medical practice. However, ultrasonography has shown a
missed diagnosis rate of 0.57% (pooled meta-analysis, 95% confidence interval 0.25% to 0.89%)
in patients with deep vein thrombosis.?® To lower this misclassification rate, we by design repeated
the compression ultrasonography at day seven. However, the true safety of the proposed D-di-
mer cut-off values might be slightly lower than that based on the present analysis. Moreover, the
misclassification rate is known to be lower in patients with a low clinical probability of deep vein
thrombosis (0.29%, 0% to 0.70%).2 The current analysis, however, included only patients with an
“unlikely” clinical probability. Hence, any possible bias induced by our choice of reference test
would probably not change the presented conclusions of our analysis.

We also caution the interpretation of our findings in patients older than 80 years, since the number
of this subgroup was rather small. Finally, although the data were originally collected in a prospec-
tive manner, this study was a retrospective analysis.

Comparison with other studies

Douma and colleagues recently derived the age dependent cut-off value in three cohorts of
patients with suspected pulmonary embolism (total of 5,132 participants). They found a similar
increase in the proportion of patients in whom venous thromboembolism could be excluded
(increases of 6.3%, 5.1%, and 6.2% in derivation set, and validation sets 1 and 2, respectively),
compared with the current study (5.7%)."°

Our results also accord with the findings of Haas and colleagues,™ who found a similar although
slightly higher increase in exclusion rate in suspected patients older than 60 years in secondary
care (12.8%). This small difference in increase can probably be explained by differences in the
spectrum of patients (the range of comorbidities, the clinical setting, and previous test probability)
between our study and the Haas study. Variations in patient spectrum have been linked with varia-
tions in disease prevalence as well as variations in diagnostic test accuracy.?®3° In the Haas-studly,
the prevalence of deep vein thrombosis in their hospital setting was twice as high as that found in
our study (39.1% v 19.7%). This higher prevalence can emerge from a shift spectrum of patients,
towards fewer patients with limited forms of deep vein thrombosis and more patients with more
manifested forms. This effect in turn could have resulted in a somewhat lower exclusion rate with
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the traditional cut-off value of 500 ug/L, and led to a higher increase in the exclusion rate after use

of the age adapted cut-off value, compared with our study.

Implications for clinicians and other researchers

After derivation and validation in secondary care,'®">we showed that the two proposed age adapt-

ed strategies for excluding deep vein thrombosis using D-dimer measurement, have sustained

external validation in a large cohort of patients with suspected deep vein thrombosis in primary

care. Before implementing these strategies in daily practice, a formal, prospective impact study

would need to assess the potential benefits of using an age adapted, D-dimer cut-off value in

daily patient care.®"3?
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VALIDATION OF TWO AGE ADAPTED D-DIMER CUT-OFF VALUES

APPENDIX 1

Baseline characteristics of patients with available D-dimer values versus patients with missing D-dimer values

Characteristic Missing D-dimer values  Available D-dimer values P-value
N=712 N=1374

Age (years) Mean (standard deviation) 61.0 (17.6) 59.3 (17.4) 0.039
Female 459 (64.5) 863 (62.8) 0.456
Active malignancy 56 (7.9) 61 (4.4) 0.001
Paresis 107 (15.0) 194 (14.1) 0.575
Recent surgery or bedridden 108 (15.2) 168 (12.2) 0.060
Localised tenderness deep venous system 521 (73.2) 966 (70.3) 0.170
Entire leg swollen 344 (48.9) 596 (43.4) 0.032
Calf distension =3 cm 325 (45.6) 551 (40.1) 0171
Pitting oedema 455 (63.9) 838 (61.0) 0.193
Vein distension 154 (21.6) 254 (18.5) 0.086
Alternative diagnosis present 416 (58.4) 672 (48.9) 0.000
History of deep venous thrombosis 168 (23.6) 284 (20.6) 0.124
Wells score mean (standard deviation) 1.74 (2.20) 1.66 (1.97) 0.658
Frequency of deep venous thrombosis 145 (20.4) 270 (19.7) 0.698

Values are numbers (percentages) of patients unless specified otherwise. P-values calculated by Pearson Chi-square
2-sided tests for dichotomous variables or independent T-tests for linear variables (age, Wells score).
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APPENDIX 2

Proportion of patients with an unlikely probability for deep venous thrombosis (Wells clinical decision rule <1) in
whom deep venous thrombosis could be excluded based on a D-dimer test below the cut-off value.

Missing D-dimer values (n=712) imputated with multiple imputation. Variables used as imputation predictor:
dichotomous D-dimer, presence of deep venous thrombosis, Wells-score and age.

Age (years) All ages (57) 50-60 60-70 70-80 >80
No (%) of patients 1053 (100) 192 (18) 181 (17) 198 (19) 102 (9.7)
D-dimer cut-off value 500
pg/l
No (%, 95%Cl) of patients 419 (39.7, 89 (46.4,391to  61(33.7,26.9 59 (29.8,23.5t0 24 (23.5,
below cut-off value 36.8t042.8) 53.7) to 41.1) 36.7) 156.7t0 33.0)
With false negative result 3(0.3,0.05 0 1(0.6, 0.01 to 0 0
t0 0.8) 3.0)
Number needed to test 2.5 2.2 3.1 3.4 4.3
Age dependent cut-off
value T
No (%, 95%Cl) of patients 467 (44.3, 95 (49.5,42.2t0  70(38.7,31.5 80(40.4,33.5t0 36 (35.3,
below cut-off value 41.3 10 47.4) 56.8) 10 46.2) 47.6) 26.110 45.4)
With false negative result 4(0.4,01to 1(0.5,0.01to 1(0.6, 0.01 to 0 0
0.9) 2.9) 3.0)
Number needed to test 2.3 21 2.6 2.5 2.8
Cut-off value 750 pg/I *
No (%, 95%Cl) of patients 463 (44.0, 89 (46.4,391to 74 (40.9, 33.6 82 (41.4,34.5t0 32 (31.4,
below cut-off value 41.0t0 47.0)  53.7) to 48.4) 48.6) 22.510 41.3)
With false negative result 3(0.3,0.06 0 1(0.6, 0.01 to 0 0
to 0.8) 3.0)
Number needed to test 2.3 2.2 2.5 2.4 3.2
Absolute increase in effi-
ciency
by use of the age depen- 4.6% (3.4 to 3.1% (2.4 t0 13.0) 5.0%(2.3 to 10.6%(6.7 to 11.8%(6.2 to
dent cut off value (95%Cl) §  6.0) 9.2) 15.8) 19.6)
by use of the cut off of 4.2% (3.1 to n.a. 7.2% (3.9 to 11.6% (7.5 to 7.8% (3.4 to
750 pg/l (95%Cl) 5.6) 12.0) 16.9) 14.9)

95%Cl: 95% confidence interval. n.a.: not applicable.

* Cut-off value = 750 pg/! for patients aged =60 years, in participants <60 years the conventional cut-off value for
D-dimer test = 500 pg/I

1 Age dependent cut-off value = (age*10 pg/l) for patients aged >50 years, in participants <50 years the conventional
cut-off value for D-dimer test = 500 pg/!

§ Percentage of patients with excluded deep venous thrombosis based on the age dependent D-dimer cut-off value
(age*10 pg/I for patients aged >50 years) minus percentage of patients with excluded deep venous thrombosis based
on the conventional D-dimer cut-off value

I Percentage of patients with excluded deep venous thrombosis based on the D-dimer cut-off value 750 ug/I for pa-
tients aged =60 years minus percentage of patients with excluded deep venous thrombosis based on the conventional
D-dimer cut-off value
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CHAPTER 6

ABSTRACT

Obijective To review the diagnostic accuracy of D-dimer testing in older patients (>50 years) with
suspected venous thromboembolism, using conventional or age adjusted D-dimer cut-off values.
Design Systematic review and bivariate random effects meta-analysis.

Data sources We searched Medline and Embase for studies published before 21 June 2012
and we contacted the authors of primary studies.

Study selection Primary studies that enrolled older patients with suspected venous throm-
boembolism in whom D-dimer testing, using both conventional (500 pg/L) and age adjusted
(age*10 pg/L) cut-off values, and reference testing were performed. For patients with a non-high
clinical probability, 2x2 tables were reconstructed and stratified by age category and applied
D-dimer cut-off level.

Results 13 cohorts including 12,497 patients with a non-high clinical probability were included
in the meta-analysis. The specificity of the conventional cut-off value decreased with increas-
ing age, from 57.6% (95% confidence interval 51.4% to 63.6%) in patients aged 51-60 years to
39.4% (33.5% to 45.6%) in those aged 61-70, 24.5% (20.0% to 29.7% in those aged 71-80, and
14.7% (11.3% to 18.6%) in those aged >80. Age adjusted cut-off values revealed higher speci-
ficities over all age categories: 62.3% (56.2% to 68.0%), 49.5% (43.2% to 55.8%), 44.2% (38.0%
10 50.5%), and 35.2% (29.4% to 41.5%), respectively. Sensitivities of the age adjusted cut-off
remained above 97% in all age categories.

Conclusions The application of age adjusted cut-off values for D-dimer tests substantially
increases specificity without modifying sensitivity, thereby improving the clinical utility of D-dimer
testing in patients aged 50 or more with a non-high clinical probability.
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INTRODUCTION

D-dimer concentrations are highly sensitive for thrombus formation. Hence D-dimer tests are of-
ten used to rule-out venous thromboembolism (pulmonary embolism or deep vein thrombosis) in
suspected patients with a non-high clinical probability. Patients with a high clinical probability do
not require a D-dimer test. In these patients imaging examination is warranted to confirm or refute
the diagnosis, irrespective of the D-dimer results (figure 1)."* However, D-dimer concentrations
increase with age, which leads to a high proportion of older patients with D-dimer concentrations
higher than conventional cut-off values (500 pg/L).*® This in turn leads to a low specificity (that
is, more false positive results) of D-dimer testing in older patients suspected of having venous
thromboembolism; the specificity is 49% to 67% for patients aged less than 50 years but in older
old patients (=80 years) between 0% and 18%.%8 As imaging is indicated in patients suspected of
having venous thromboembolism with a D-dimer concentration above the cut-off value,® a high
proportion of older patients with a non-high clinical probability undergo unnecessary diagnostic
investigations. This can be burdensome, especially in older patients, and the yield of this imaging
is relatively low (typically 20% or less of patients with clinically suspected venous thromboembo-
lism are actually affected).’®'" As a result of a low specificity of D-dimer testing in older patients,
some authors dissuade doctors from D-dimer testing in very old patients.*®'2 Yet this would actu-
ally imply referring all suspected older patients for imaging, which is even less desirable.

Others have argued for increasing the D-dimer cut-off value in older patients to improve the
specificity and thereby increase the number of patients in whom - based on a D-dimer level
below the cut-off value - imaging could be avoided.*%'3® An age adjusted D-dimer cut-off value
that increases gradually with age especially showed a promising increase in specificity without
substantial loss of safety.® This age adjusted cut-off value was defined as age (years)x10 pg/L for
patients aged over 50 years (for example, for a patient aged 78 years, the D-dimer concentration
would be considered normal below 780 pg/L). The age adjusted cut-off value was derived from
a cohort of secondary care patients with a non-high probability of pulmonary embolism. This co-
hort was subdivided into 10 year age groups and the optimal cut-off value was selected for each
age group - that is, the cut-off value with a sensitivity of 100% and the highest accompanying
specificity. This revealed an increase of the optimal cut-off value of approximately 100 ug/L per
decade (10 pg/L per year). This age adjusted cut-off value was subsequently validated in second-
ary care patients with suspected pulmonary embolism,'®'” and in both primary and secondary
care cohorts of patients with suspected deep vein thrombosis.’®™ However, higher cut-off values
may also lead to an increased percentage of false negative cases (that is, missed cases of venous
thromboembolism), which might make this strategy less safe.?%?! Since venous thromboembolism
has a high short term mortality rate in older patients, doctors do not always get the chance to
reconsider a missed diagnosis.?223
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Figure 1 Diagnostic investigations in patients with suspected venous thrombembolism. Adapted from Wells 2007,° Le
Gal et al 2006,%° and Wells et al 200157
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Controversy therefore remains on the utility of D-dimer testing (either using the conventional or
higher cut-off values) to safely exclude venous thromboembolism in a substantial proportion of
older patients. A formal systematic review increases the evidence base on this topic; a meta-anal-
ysis can provide more precise estimates of the accuracy of D-dimer testing among clinically
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relevant subgroups, whereby sources for interstudy heterogeneity can be considered.?* We con-
ducted a systematic review and meta-analysis to assess the diagnostic value of D-dimer testing
for excluding suspected venous thromboembolism in older patients, with a particular interest in
whether increasing the threshold for test positivity using the proposed age adjusted manner is a
safe and more efficient strategy than using the conventional cut-off value.

METHODS

Data sources and searches

On 12 June 2012 we systematically searched Embase and Medline for studies evaluating the di-
agnostic value of D-dimer tests in diagnosing venous thromboembolism. The search query com-
bined synonyms for “D-dimer” with synonyms for “venous thromboembolism” and “elderly” (see
appendix 1 for the search strategy).?® Duplicate articles were manually filtered using the “close
match function” of Refworks 2.0.

Study selection

We included studies if they were original diagnostic studies and comprised a study population of
consecutive patients with a clinical suspicion of venous thromboembolism, performed quantita-
tive D-dimer testing using the age adjusted D-dimer cut-off value and the conventional cut-off val-
ue, and applied reference testing in all patients according to previously described methods.?® No
language restrictions were applied. To check cross referencing we used a previously published
systematic review.! We excluded studies carried out exclusively in populations with a high risk for
thrombosis - defined as perioperative patients or patients with previous thrombosis, cancer, or
coagulation disorders. When a study cohort was described by more than one article, we included
only the paper best meeting the inclusion criteria. Two reviewers (HJS and NV) independently
selected the first batch of articles and a third reviewer (GJG) was consulted by HJS to agree on
the final selection and to resolve discrepancies between the first two reviewers.

Data extraction and quality assessment

We reviewed the included studies in duplicate and extracted the study design, setting, number of
patients, prevalence of venous thromboembolism, personal characteristics of the study popula-
tion, clinical decision rule used to classify patients in risk categories, and reference standard and
D-dimer assay applied. Using extracted numbers of true and false positive and negative results
according to the reference tests, we reconstructed 2x2 tables for the patients with a non-high
clinical probability and stratified them by predefined age categories (<50 years, 51-60 years, 61-
70 years, 71-80 years, and >80 years) and by the different D-dimer cut-off values (for the age
category <50 years the conventional and age adjusted cut-off value are the same). If complete
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reconstruction of 2x2 tables using the desired age categories was not possible based on the
data presented in the papers, we contacted the authors and requested to reanalyse their data, if
needed, according to the predefined age class categories and to complete the cross tables for all
age categories and for both the conventional and age adjusted D-dimer cut-off level.

We assessed risk of bias and applicability at study cohort level, using the revised tool for quality
assessment of diagnostic accuracy studies (QUADAS-2). This is a validated tool for assessment
of methodological quality and applicability of diagnostic accuracy studies.?” We appraised both
the primary studies describing the included study cohorts and the publications included in this
meta-analysis that were based on these cohorts.

Data synthesis and analysis

From the 2x2 tables we calculated the prevalence of venous thromboembolism and the D-dimer
test sensitivity (the number of patients with venous thromboembolism and a D-dimer level above
the tested cut-off value - that is, patients with true positive test results - divided by the total number
of patients with venous thromboembolism) and specificity (the number of patients without venous
thromboembolism and a D-dimer level below the tested cut-off level - that is, patients with true
negative test results - divided by the total number of patients without venous thromboembolism).
To graphically display the sensitivity and specificity measurements at study level we used Review
Manager 5 software from the Cochrane collaboration. For the main analyses we stratified the data
by age category and D-dimer cut-off value. We used random effects bivariate regression models
to meta-analyse the logit transformed sensitivity and specificity of D-dimer to obtain pooled esti-
mates and 95% confidence intervals of these variables.??° The bivariate approach simultaneously
models pairs of (logit transformed) sensitivity and specificity from studies, thereby incorporating
any correlation that might exist between these measures. The model uses a random effects ap-
proach for both sensitivity and specificity to incorporate heterogeneity beyond chance as a result
of remaining clinical and methodological differences between studies. We added covariates to
the bivariate model to examine whether sensitivity and specificity were different for the following
study characteristics: prevalence of venous thromboembolism within each study, the type of
applied D-dimer assay, and whether the initial suspicion was deep vein thrombosis or pulmo-
nary embolism in the included studies. We fitted the bivariate random effects models using the
NLMIXED (non-linear mixed effect) procedure of SAS version 9.2 (SAS Institute, Cary, NC, USA).
For each age category and D-dimer cut-off level we constructed hypothetical classification ta-
bles including 1000 hypothetical patients per table. We calculated the total number of venous
thromboembolism cases by multiplying 1000 with the estimated median prevalence of venous
thromboembolism within the particular age category based on the studies included in this me-
ta-analysis. We calculated the number of patients with true positive test results by multiplying the
total number of hypothetical venous thromboembolism cases with the estimated sensitivity of the
D-dimer test in the particular age category (or with the lower or upper 95% confidence interval
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border of the estimated sensitivity to extract a measure of uncertainty). To obtain the number of
patients with true negative test results we multiplied the total number of hypothetical non-cases
by the estimated specificity (or with the lower or upper limits of the 95% confidence interval of
this estimate). To examine the influence of the prevalence on these numbers, we repeated these
analyses using the minimum and maximum prevalence of venous thromboembolism within each
age group based on this meta-analysis. These analyses were performed in Microsoft Office Excel
version 2010.

RESULTS

Selection, characteristics, and quality of studies

Our search yielded 2696 unique publications (see flowchart in appendix 2). After we had screened
the titles and abstracts, 307 publications were selected for full text review. Of these publications,
302 were excluded, mainly because they did not concern consecutive patients, applied no (quan-
titative) D-dimer test, or did not apply age adjusted D-dimer cut-off levels. Finally, five publications
were included concerning a total of 22,608 patients of whom 12,630 had a non-high clinical prob-
ability of venous thromboembolism.'¢-'® All these publications concerned retrospective analyses
on one or more cohorts of patients with suspected venous thromboembolism. One publication™
separately analysed and presented five different cohorts;Ta et al unpublished):30-33 o publications®1®
separately analysed and presented three different cohorts®#* and the other two publications
concerned one cohort each.'”'® Hence the five included publications concerned a total of 13 dif-
ferent study cohorts, which we considered as separate cohorts in this meta-analysis. All authors
granted our requests to reanalyse their data and provided 2x2 tables for each predefined age
category and both D-dimer cut-off levels.

Table 1 summarises the characteristics of the included study cohorts. Seven cohorts concerned
patients with suspected pulmonary embolism'43° and the other six concerned patients with
suspected deep vein thrombosis(™n et a. unpublished)18:30-33- Al studies analysed and presented only
patients with non-high clinical probability scores on clinical decision rules as this is the indicated
population for the application of D-dimer tests.®® To select these patients with a non-high clinical
probability, either a revised Geneva score*® of <10 or a Wells score*' of <4 was applied in the
pulmonary embolism cohorts; and for the deep vein thrombosis cohorts, a Wells score® of either
<2 or <1 was applied. In one study,®' a clinical probability of <80% of deep vein thrombosis as
estimated by the treating doctor - instead of a formal clinical decision rule - was used to select the
patients with a non-high clinical probability.

One study was performed in primary care,’® whereas all other cohorts concerned patients pre-
senting at emergency departments or in outpatients clinics; in two studies, inpatients were also
included.' 3% Overall, the quality of the included study cohorts was good (see the results of QUA-
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DAS-2 in appendix 3). All but one cohort*? included prospectively collected data of consecutive
patients with suspected venous thromboembolism. However, in 12 of the 13 study cohorts, three
month event free follow-up (no signs or symptoms of recurrence) instead of imaging investigation
was used as the reference test in patients with a negative D-dimer result and a non-high clinical
probability, so not all patients underwent the same sequence of reference tests in these stud-
ies. Hence differential verification could have introduced bias. Furthermore, there were concerns
about the applicability of the studies, as unstratified data for different applied D-dimer assays
(enzyme linked fluorescent assays as well as quantitative latex assays) within one study cohort
was presented for six of the 13 study cohorts.

Prevalence of venous thromboembolism and effect of age on specificity and sensitivity
of D-dimer testing with a conventional cut-off value

The median prevalence of venous thromboembolism in patients not at high risk ranged from
12.3% in patients aged less than 50 years, to 21.5% in patients aged 71-80 (table 2). The pooled
specificity of D-dimer testing decreased substantially with increasing age from 66.8% (95% con-
fidence interval 61.3% to 72.0%) in patients aged less than 50 years to 14.7% (11.3% to 18.6%) in
patients aged more than 80 years when the conventional cut-off value was applied (table 2). The
pooled sensitivity hardly differed between the age groups.

Table 2 Pooled estimates of diagnostic accuracy of D-dimer testing in older patients with suspected venous throm-
boembolism and non-high clinical probability per age category and cut-off value in 13 study cohorts

Age No of Median Pooled sensitivity (95% CI) Pooled specificity (95% Cl)
(yrs)  pa- (range) . . . .
tients prevalence Conventional Age adjusted P Convention- Age adjusted P

TR Sk cut-off (%) cut-off (%) val-  al cut-off cut-off (%) value
ies (%) e

<50 5528 12.3 97.6 not applica- - 66.8 not applica- -
(3.09t028.6) (95.0t098.9) blet (61.3t0 72.0) blet

51-60  2043* 13.4 100.0 99.4 0.97 576 62.3 0.005
(56.00t0 33.3)  (NA) (97.3t0 99.9) (51.4t063.6) (56.2 to 68.0)

61-70 1815 15.6 99.0 97.3 014 394 49.5 <0.001
(6.581026.2) (96.61099.7) (93.81098.8) (33.5t045.6) (43.21t055.8)

71-80 1842 21.5 98.7 97.3 020 245 44.2 <0.001
(6.78t0 34.5)  (96.5t0 99.5) (94.31098.8) (20.0t0 29.7)  (38.0 to 50.5)

>80 1269 15.2 99.6 97.0 0.06 147 35.2 <0.001
(5.881026.9) (96.91t099.9) (92.9 10 98.8) (11.3t0 18.6)  (29.4 to 41.5)

*Additional data of cohort 5 of Douma 2012 study (Tan et al, unpublished), were not provided for these age categories
(89 patients aged <50 years and 44 patients aged 51-60 years).
TAge adjusted cut-off value (agex50 pg/L) does not apply to patients aged <50 years.
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Performance of age adjusted D-dimer cut-off values

The use of the age adjusted D-dimer cut-off value (age*10 pg/L in patients aged >50 years) still
showed a decrease in specificity with increasing age, which was 35.2% (29.4% to 41.5%) in pa-
tients aged more than 80 years, but noticeably less pronounced compared with the application of
the conventional cut-off value. The specificity of D-dimer testing by application of the age adjust-
ed D-dimer cut-off value instead of the conventional cut-off value was higher in all age categories
and was more than doubled in patients aged more than 80 years (table 2).

The use of age adjusted cut-off values instead of the conventional cut-off value was at the ex-
pense of a decrease in sensitivity (albeit small and not statistically significant), which stayed above
97% for both cut-off levels in all age categories.

Table 3 Overall and covariate analysis for D-dimer testing stratified by use of conventional and age adjusted cut-off
levels in patients with a non-high clinical probability of venous thromboembolism (all age categories except <50 years)

Analyses No of Sensitivity Sensitivity age Specificity Specificity age
cohorts conventional adjusted cut-off conventional adjusted cut-off
cut-off cut-off
Overall analyses: age-cate- 13 99.3 (98.4 to 97.8(95.9t098.9) 36.1(30.8t041.7) 48.8(42.91t0 54.7)
gories >50 years 99.7)
Prevalence in cohort
(overall):
<23% 7 99.4 (98.2 to 97.9(95.3t099.1) 37.5(30.4t045.2) 49.9 (42.0to 57.7)
99.8)
>23% 6 99.1 (97.0to 97.7 (94.21099.1) 34.2(26.7 to 42.5) 47.8(39.1 t0 56.5)
99.7)
P value — 0.64 0.89 0.56 0.73
D-dimer assay:
Only ELFA 3 100 (NA) 99.6 (98.21099.9) 28.69 (20.6 to 40.8 (30.8 to 51.7)
38.5)
Quantitative latex assay 10 98.7 (97.5t0 96.4 (94.6t097.6) 35.6(32.9t042.5) 51.3(45.21t057.4)
(and ELFA)T 99.3)
P value — 0.97 0.005 0.08 0.10
Clinical suspicion:
Pulmonary embolism 7 99.2 (97.9 to 97.5(94.71098.8) 34.0(27.7t040.9) 45.7 (38.510 53.1)
99.7)
Deep vein thrombosis 6 99.8 (97.8 to 99.3 (96.6t099.8) 36.0(34.0t0 38.0) 48.0 (45.81t050.2)
99.97)
P value — 0.31 0.15 0.58 0.55

ELFA=enzyme linked fluorescent assay; NA=not applicable.

*Covariate analysis for setting was not possible as only one study was performed in primary care.
1This stratum contains studies wherein quantitative latex agglutination assays were used, or latex agglutination assays

indifferently with ELFA assays.
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Covariates

The forest plot in appendix 4 depicts the sensitivity and specificity of D-dimer testing stratified by
cohort, age group, and D-dimer cut-off level. We analysed the effect of covariates (the venous
thromboembolism prevalence in each total cohort, applied D-dimer assays, and whether the
patients were initially suspected of having pulmonary embolism or deep vein thrombosis) on the
D-dimer sensitivity and specificity (table 3). We found no association between the sensitivity and
specificity of D-dimer testing and the prevalence of venous thromboembolism in the study pop-
ulations or whether patients were suspected of having either pulmonary embolism or deep vein
thrombosis.

D-dimer testing revealed a higher sensitivity and a trend towards lower specificity in the three
cohorts in which only enzyme linked fluorescent assays were applied, compared with the cohorts
in which quantitative latex assays were also used. Besides, the enzyme linked fluorescent assays
showed less decrease in sensitivity by application of the age adjusted cut-off value instead of the
conventional cut-off.

Hypothetical cohort

Based on hypothetical cohorts of 1000 patients for each age category, we calculated the num-
bers of extra patients in whom imaging examination would, correctly or wrongly, be avoided by
using the age adjusted instead of the conventional D-dimer cut-off value (table 4). This would
result in a correct exclusion of venous thromboembolism in 40 (95% confidence interval 38 to 41),
85 (81 to 86), 155 (141 to 164), and 175 (153 to 194) extra patients at the expense of 1 (0 to 4) extra
missed cases for those aged 51-60 years, 2 (2 to 5) for those aged 61-70 years, 3 (2 to 4), for those
aged 71-80 years, and 4 (2 to 6) for those aged more than 80 years. D-dimer testing would rule

Figure 2 Number of extra patients per 1000 patients with non-high clinical probability in whom venous thromboembo-
lism would be correctly or falsely excluded by application of age adjusted D-dimer cut-off values instead of conventional
cut-off values
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out venous thromboembolism in 124 per 1000 non-high risk patients aged more than 80 years
if the conventional cut-off value would be applied, whereas the application of the age adjusted
D-dimer cut-off value results in exclusion of venous thromboembolism in 303 per 1000 of these
patients. The positive predictive value was 21.2% (95% confidence interval 19.1% to 23.2%) in
patients aged more than 80 years and 29.1% (25.3% to 33.1%) in patients aged 50 years or less.
To examine the influence of the prevalence on this figure we also compared these numbers for the
lowest and highest prevalence of venous thromboembolism of the non-high risk patients within
each age category of the studies in this meta-analysis (figure 2). The relative merit of application of
the age adjusted cut-off value instead of the conventional cut-off value was higher in the case of
a low prevalence (44-194 correct v 0-2 falsely excluded cases) compared with a high prevalence
(81-150 correctly v 2-7 falsely excluded cases) (see figure 2 and appendix 5).

DISCUSSION

We performed a systematic review and meta-analysis on the diagnostic value of D-dimer testing
to exclude venous thromboembolism in older patients aged 50 or more years. Generally, in com-
bination with a non-high clinical probability, D-dimer testing is used as a rule-out test in patients
with suspected venous thromboembolism. Using such a rule-out approach, unnecessary bur-
densome and more costly imaging can be avoided in about 1 in 3 patients.?30:33-35 However, this
proportion of patients in whom imaging can be safely withheld by using D-dimer testing seemed
to be low (around 10%) in the eldest patients (>80 years).*®'? This has led to controversy over
the diagnostic value of D-dimer testing in older old patients (>80 years) with clinically suspected
venous thromboembolism. In particular old, fragile patients, who would benefit if an unnecessary
referral to a radiology department could be safely avoided.*® In fact, this was the main reason for
the development of age adjusted cut-off values for D-dimer testing® and thereby the reason for
this aggregated meta-analysis.

Indeed we found a sharp decrease in the specificity of D-dimer testing to rule out venous throm-
boembolism in older patients with a non-high clinical probability using the conventional D-dimer
cut-off value, although the sensitivities of D-dimer testing were high across all age categories. The
proportion of patients with a non-high clinical probability in whom D-dimer testing could exclude
venous thromboembolism was only 12.4% in those aged more than 80 years. This finding under-
lines the arguments of several authors that D-dimer testing in this conventional way is of limited
value in the eldest patients.*%"™ Yet the application of the age adjusted D-dimer cut-off value®
would result in the exclusion of venous thromboembolism in almost 1 out of 3 (30.3%) of the el-
dest patients (>80 years), while the sensitivity stayed above 97% in all age categories. This would
lead to one identified and treated patient for every five patients undergoing imaging examinations
in the eldest patients, or in other words a positive predictive value of 21.1%. This positive predic-

90



META-ANALYSIS AGE ADJUSTED OR CONVENTIONAL D-DIMER CUT-OFF VALUES

tive value of D-dimer testing in the eldest patients is almost comparable to the positive predictive
value of 29.2% in the youngest patients (<50 years, cut-off value of 500 pg/L). The small number
of missed cases from applying the age adjusted cut-off value instead of the conventional cut-off
(1 to 4 per 1000) is largely outnumbered by the large number of patients in whom imaging would
be avoided (803 to 540 per 1000). Moreover, this number of missed cases from using the age
adjusted cut-off value is comparable to the failure rate in the youngest age category (<50 years)
in whom 3 per 1000 patients would be missed if D-dimer testing using conventional cut-off lev-
els was used. Even in case of a high prevalence of venous thromboembolism (when the relative
merit of application of the age adjusted cut-off value is lowest) the additional number of patients
missed (2 to 7 per 1000) would be outweighed by the number of avoided unnecessary imaging
examinations (31 to 150 per 1000).

Currently, broadly available imaging techniques for the detection of venous thromboembolism
have replaced burdensome and time consuming techniques bringing about high radiation expo-
sure (repeated two point compression ultrasonography replaced venography for the detection of
deep vein thrombosis, and contrast enhanced computed tomography of the pulmonary arteries
replaced pulmonary angiography for pulmonary embolism).%%44 Still, the burden and risks of imag-
ing, such as attending a hospital, extension of hospital stay, waiting at a radiology department are
of particular concern for old patients.*®> Moreover, contrast enhanced computed tomography of
the pulmonary arteries is associated with a 14% risk of nephropathy, which might be even higher
in older patients in whom renal impairment is more common.*® Therefore it would (notably for
older patients) be beneficial to safely withhold imaging investigations based on negative D-dimer
test results.

Strengths and limitations of this review

This is the first systematic review and meta-analysis on the diagnostic utility of D-dimer testing in
older patients. We were able to include 13 large cohorts involving over 12,000 patients wherein
both the conventional adjusted and the age adjusted cut-off values were studied in different age
categories. However, the included publications were from only three research groups. Our search
yielded another 107 publications in which the diagnostic accuracy of quantitative D-dimer testing
had been examined in consecutive patients, but as this was not done in an age adjusted manner
these publications were not included in our meta-analysis. Yet given the robustness, precision,
and consistency of our results over the 13 included cohorts, we expect that the addition of more
studies to the meta-analysis would not have changed our inferences. Moreover, funnel plots of
estimates of the effect size (differences in logit specificities within studies as a result of the ap-
plication of the different cut-off levels) against the study size, gave (although based on a small
number of studies) no indication for publication bias (analysis not presented).

Other strategies to adjust the D-dimer cut-off value to exclude venous thromboembolism in older
patients have been suggested - for example, a fixed cut-off of 750 pg/L in all patients aged over
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60 or 70 years."*214647 Qwing to the heterogeneity of the applied D-dimer assays, methodology,
and categorization of age (for example, >60 or >70 years instead of 61-70 years, 71-80 years, and
>80 years), we were unable to provide pooled estimates of the studies that analysed alternative
D-dimer cut-off levels. This hampered the comparison of the different adjusted D-dimer cut-off
values.

We also found some heterogeneity in the sensitivity and specificity of D-dimer tests among the
studies, partly explained by the application of different assays. Our covariate analysis suggests
that the application of age adjusted instead of conventional cut-off values was most favourable
in the cohorts in which enzyme linked fluorescent assays were only applied, as the high sensi-
tivity remained constant in these cohorts. These findings are consistent with previous studies:
enzyme linked fluorescent assays turned out to have a higher sensitivity at the expense of a lower
specificity compared with second generation latex assays.?*® However, as a result of between
study variation of covariates and their potential multicollinearity (linear relation between explaining
variables), we are unable to draw firm conclusions on the differences between various D-dimer
assays based on our current meta-analysis.

Another limitation might be that we included studies both with populations suspected of hav-
ing pulmonary embolism and with populations suspected of having deep vein thrombosis, and
primary as well as secondary care patients, which might have introduced some extra between
study variation. Furthermore, there was a variation in the prevalence of venous thromboembolism
in the included cohorts, ranging from 5.1% to 39%. However, although previous studies revealed
an association between the prevalence of venous thromboembolism and the diagnostic accuracy
of D-dimer testing,*® our covariate analysis did not show such an association. Moreover, there
was a fair similarity of study design and patient selection over the included cohorts; in all studies
only patients with a non-high clinical probability were selected. Therefore we assumed that the
conditions for pooling were met.

Finally, the reference standards used to diagnose or exclude venous thromboembolism differed
between the included studies. In all but one study'® differential verification was of concern; in
these studies venous thromboembolism was excluded without confirmation by imaging in pa-
tients with a negative D-dimer test result and without recurrence of symptoms during follow-up.
Hence the false negative cases from using the conventional cut-off value were patients presenting
with worsening or recurrence of their symptoms within 45 days or three months, leading to further
examinations and the detection of venous thromboembolism. Although this is common practice,
this could have introduced small overestimations of the diagnostic accuracy of the D-dimer test,
as small thrombi may have been missed in these patients.

Conclusions and implications for further research

D-dimer testing has limited utility in older patients when the conventional cut-off value is applied.
The application of the age adjusted cut-off value combined with a non-high clinical probability
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greatly increases the utility of a D-dimer test for the exclusion of venous thromboembolism in
older patients, while hardly affecting the sensitivity. D-dimer levels below the age adjusted cut-off
value correctly avoided imaging examinations in 30% to 54% of older patients with a non-high
probability. This meta-analysis shows the robustness of our findings for patients with suspected
deep vein thrombosis or pulmonary embolism, as well as for different age groups, D-dimer as-
says, and prevalence of venous thromboembolism.

Given that the age adjusted cut-off level could be easily implemented in routine laboratory prac-
tice it may have an immediate impact in clinical practice and serve the needs of older patients with
a non-high clinical probability of venous thromboembolism by sparing a substantial proportion
the burden of imaging investigations. Our results are not, however, applicable to patients with a
high clinical probability of venous thromboembolism as additional imaging examination is war-
ranted in these patients, irrespective of the D-dimer test results. Furthermore, since this strategy
has only been confirmed in retrospective analyses, it could be argued that a formal cost effec-
tiveness modeling study®®®' or even a prospective impact study®?%® is needed to further confirm
the cost effectiveness and ease of use and acceptability of this diagnostic strategy in daily patient
care before its implementation in clinical practice.
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APPENDIX 1

Search strategy

Pubmed query 21-06-2012

(“embolism”[MeSH Terms] OR “embolism”[Title/Abstract] OR “emboli"[Title/Abstract] OR “embolic”[Title/Abstract] OR “em-
bolus”[Title/Abstract] OR “pe”[Title/Abstract] OR “dvt”[Title/Abstract] OR “thrombosis”[Title/Abstract] OR “thrombose”[Ti-
tle/Abstract] OR “thrombosed”[Title/Abstract] OR “thromboemboli”[Title/Abstract] OR “thromboembolic”[Title/Abstract]
OR “vte"[Title/Abstract] OR “Venous Thrombosis”"[Mesh] OR “Pulmonary Embolism”[Mesh]) AND (d dimer[Substance
Name] OR “dimer”[Title/Abstract] OR “fibrinogen”[Title/Abstract] OR “fibrin”[Title/Abstract] OR “fibrin fragment D “[Sub-
stance Name]) AND (“aged”[Title/Abstract] OR “elderly”[Title/Abstract] OR “geriatric”[Title/Abstract] OR “nursing home”[Ti-
tle/Abstract] OR “nursing homes”[Title/Abstract] OR “nursing care”[Title/Abstract] OR “old persons”[Title/Abstract]) OR
age group|Title/Abstract] OR “age groups”[Title/Abstract] OR “older adult”[Title/Abstract] OR “older adults”[Title/Abstract]
OR “older patient”[Title/Abstract] OR “older patients”[Title/Abstract] OR “senior”[Title/Abstract] OR “seniors”[Title/Ab-
stract] OR “psychogeriatric”[Title/Abstract] OR “psychogeriatrics”[Title/Abstract] OR “elder population”[Title/Abstract] OR
“Aged”[Mesh] OR “Health Services for the Aged”[Mesh] OR “Homes for the Aged”[Mesh] OR “Aged, 80 and over”[Mesh]
OR “Frail Elderly”[Mesh] OR “Housing for the Elderly”[Mesh] OR “Nursing Homes”[Mesh] OR “Nursing Care”’[Mesh] OR
“age groups”[Title/Abstract] OR “elderly care”[Title/Abstract])

Embase query 21-06-2012

(embolism:ab,ti OR emboli:ab,ti OR embolic:ab,ti OR embolus:ab,ti OR pe:ab,ti OR dvt:ab,ti OR thrombosis:ab,ti OR
thrombose:ab,ti OR thrombosed:ab,ti OR thromboemboli:ab,ti OR thromboembolic:ab,ti OR vte:ab,ti) AND (dimmer:ab,-
ti OR fibrinogen:ab,ti OR fibrin:ab,ti) AND [embase]/lim AND (aged:ab,ti OR elderly:ab,ti OR geriatric:ab,ti OR ‘nursing
home”ab,ti OR ‘nursing homes’:ab,ti OR ‘nursing care’:ab,ti OR ‘old persons’:ab,ti OR ‘age group’:ab,ti OR ‘older
adult”:ab,ti OR ‘older adults’ab,ti OR ‘older patient’:ab,ti OR ‘older patients’:ab,ti OR senior:ab,ti OR seniors:ab,ti OR psy-
chogeriatric:ab,ti OR psychogeriatrics:ab,ti OR ‘elder population’:ab,ti OR ‘age groups’:ab,ti OR ‘elderly care’:ab,ti)
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APPENDIX 2

Flowchart of search strategy and included studies

Total number of pubications (n=2696)
Medline citations (n= 2396)
Embase citations (n=300)
Duplicate citations* (n=286)
Publications reviewed (n=2428)
Excluded (n=2120)
Not on patients with suspected VTE (n=1440)
Not a diagnostic study (n=307)
P»| Studies on VTE in high risk groupst (n=201)
Not on D-dimer (n=168)
Case report or review (n=4)
\ 4
Publications retrieved for detailed review (n= 307)
Excluded (n=302)
No age-adjusted D-dimer cut-off value studied (n=117)
No consecutive patients (n=48)
Not on (quantitative) D-dimer (n= 43)
»{ Review/case report (n=23)
Not on VTE (n=1 )
Not a diagnostic studyf (n=12)
Same study cohort also published elsewhere§ (n=10)
Study in high risk groups (n=28)
No full text available (n=28)
A 4
Pubilications included in the analysis (n=5) P Crossreferences meeting
Number of included cohorts (n=13)$ "] inclusioneriteria (n=0)

Search June 21th 2012.

* Duplicates between Medline and Embase or within Medline

T These publucations concern selected patients; for example, only patients with confirmed pulmonary embolism.
T Not a diagnostic, but rather a therapeutic, etiologic or prognostic study

§ Two citations based on same studypopulation

$ Three studies separately presented data derived from >1 studypopulation (3, 3 and 5 study populations).
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META-ANALYSIS AGE ADJUSTED OR CONVENTIONAL D-DIMER CUT-OFF VALUES

APPENDIX 3

Critical appraisal according to the QUADAS-2 tool®’

Study cohort? Risk of Bias Concerns regarding Applica-
bility
Patient Index Refe- Flow and Patient Index Refe-
selec- test® rence timing® selec- test® rence
tion® standard® tion® standard?
Douma 2010, Derivation set &34 Low Low High Low Low Low Low
Douma 2010 Validation set Low Low High Low Low Low Low
0 6:36
Penaloza 2012, French cohort Low Unclear High High Low Unclear Low
16,38
Penaloza 2012, European Low Unclear  High High Low Unclear Low
cohort 167
Penaloza 2012, USA cohort High Unclear High Low High Unclear Low
16:42
Douma 2010 Validation set Low Low High Low Low Low Low
1 6;35
Es, van 2012 1795 Low Low High Low Low Unclear Low
Schouten 2012 18:56 Low Low Low Unclear Low Unclear Low
Douma 2012, cohort 1 719 Low Low High Low Low Low Low
Douma 2012, cohort 2 1931 Low Low High Low Low Low Low
Douma 2012, cohort 3 1932 Low Low High Low Low Low Low
Douma 2012, cohort 4 1933 High* Low High Low Low Low Low
Douma 2012, cohort 5 19 Tanet  Low Low High Low Low Unclear Low

al, unpublished

a. Second given reference refers to primary studies describing the cohort

b. If a consecutive sample of patients suspected of having venous thromboembolism was enrolled, the risk of bias was
considered low. Studies including only patients in whom D-dimer testing and/or imaging investigations were performed
or wherein >10% of patients were excluded using inappropriate exclusion criteria (e.g. unable to follow up)* were
considered as having a high risk of bias. If there were concerns that the patients included in the study would differ from
patients that are targeted by the review question, applicability concerns were considered high.

c.If there was no roam for subjective interpretation of the index-test (D-dimer result), the risk of bias was considered
low. If there was no clear description of the type of D-dimer assay used, the risk of bias was considered unclear. For
cohorts wherein two or more D-dimer assays were used from which results were presented unstratified, the applicabil-
ity was considered unclear.

d. If all patients in the sample underwent imaging investigation (reference standard), the risk of bias was considered
low. However, if only patients with a high D-dimer test and/or a non-high clinical probability underwent imaging investi-
gation, the risk of (differential verification) bias was considered high.

e. If all patients who were enrolled in the studies were presented in the 2x2 tables, the risk of bias was considered low.
If D-dimer results were missing for 10% or more of the enrolled patients, the risk of bias was ‘unclear’. The risk of bias
was considered high if not all patients underwent the same algorithm of reference testing.
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CHAPTER 7

ABSTRACT

The growth in the number of possible medical interventions in the past decennia necessitates
physicians to consider whether to use them. Contrary to decisions to withhold treatment, little
is known about ‘non-diagnosis decisions’ (NDD) although their consequences seem to be more
uncertain. Hence we hypothesized that “determinants” and “reasons” for NDD are different from
those that are associated with non treatment decisions (NTD). We performed a systematic review
on research on physicians’ decisions to withhold or withdraw diagnostic or therapeutic inter-
ventions. A total of 11,773 unique citations published either in Medline, Embase or the Cochrane
databases were screened, of which 45 papers - including 4 papers describing NDD in elderly
patients suspected of cardiovascular diseases - were considered relevant and analysed in detail.
“Determinants” and “reasons” for NDD and NTD were extracted, categorized into predefined cat-
egories and compared to each other. Besides several similarities, we found various differences
between NDD and NTD. The proportionality of an intervention -i.e. the risk or burden of an inter-
vention opposed to that of no intervention- was associated with NTD but not with NDD. Physi-
cian- and care institution related characteristics, such as age of the physician or the employment
of physician extenders, were more frequently associated with NDD than with NTD. Furthermore,
the presence of non-resuscitate directives was correlated with NDD but not with NTD. This sys-
tematic review shows that there is little information on NDD in the current literature. Yet, there is
not enough evidence to conclude whether NDD can be seen as a separate entity distinct from
NTD. More research focusing on NDD seems needed.
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NON-DIAGNOSIS DECISIONS VS. NON-TREATMENT DECISIONS - SYSTEMATIC REVIEW

BOX - NON DIAGNOSIS DECISIONS

Case 1

A 91 years old immobile nursing home resident complains of a heavy feeling in the right leg.
Physical examination reveals some redness and swelling of the calf. The physician considers a
deep venous thrombosis and performs a D-dimer test which has an abnormal result. Although
referral for a compression ultrasonography examination is the proper way to establish a deep
venous thrombosis, the physician regards this procedure too burdensome for the patient and
starts with anticoagulation treatment.

Case 2

A 89 year old mildly demented female with multiple comorbidities presents to her general prac-
titioner with loss of weight and constipation. Laboratory testing reveals a microcytic anemia
and a high erythrocyte sedimentation rate. The general practitioner considers referring the pa-
tient for colonoscopy to exclude a colon carcinoma. However, due to the need for a burdening
preparation, the invasive character of the colonoscopy procedure itself and the risk that this
certain patient will develop a delirium due to this procedure, the physician decides to wait and
see and to refrain from further diagnostic interventions.

INTRODUCTION

In current medical practice, the number of treatment possibilities is rapidly increasing. Yet, the
availability of these interventions does not necessarily imply that physicians always use them. In
fact, notably in older patients, physicians often decide to forgo treatment.’® Reasons that physi-
cians give for these non-treatment decisions (NTD) include advanced age, a short life expectancy
after treatment, or a decreased physical condition of the patient.*® Besides these self reported
reasons, investigators have studied factors that are statistically correlated with NTD. These “de-
terminants” include increasing patient’s age, decreased quality of life and co-morbidity."®

In addition to NTD, decisions to withhold diagnostic procedures (hereinafter referred to as ‘non-di-
agnosis decisions’, NDD) are frequent in daily practice. Although several studies have focused on
NTD in elderly patients, little research was performed on the “determinants” of NDD and “rea-
sons” for NDD in this group. From a clinical point of view, the consequences of NDD compared
to these of NTD are less clear: By withholding diagnostic procedures there is a chance that a
potentially manageable disease remains unknown and thus untreated. Hence, we hypothesized
that “determinants” of and given “reasons” for NDD are different from NTD, and performed a sys-
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tematic review to detect similarities and differences between non diagnosis- and non treatment
decision processes with the focus on older patients with a (suspected) cardiovascular disease.

METHODS

Data sources and searches

A systematic search was performed in Medline, Embase and the Cochrane Review databases
(2011-05-24; Appendix 1, search syntax). Synonyms for NTD and NDD were combined with syn-
onyms for “elderly” to identify articles reporting on NDD and NTD in the old patients. Duplicate
articles were removed by hand using the “close match” function in Refworks 2.0.

Study selection
Articles were manually screened on title, abstract and full text using predefined in- and exclusion
criteria (Figure 1, flowchart). Studies meeting the following criteria were included:

1. Described “determinants” of and/or “reasons” for NDD by physicians OR described
“determinants” of and/or “reasons” for NTD made by physicians

2. Study (sub)population existed of patients aged > 65 years with cardiovascular diseases
or physicians involved with the care of patients aged = 65 years with cardiovascular
diseases

3 Language was English, German or Dutch.

Reviews and meta-analyses were excluded (but the reference lists were checked for studies
suitable for inclusion), as well as studies concerning ‘do not resuscitate’ decisions as we aimed
to focus on actual problems rather than decisions anticipating probable events in the future. If
studies fulfilled the inclusion criteria but were unavailable as full text article in all Dutch libraries,
the authors of the concerning studies were contacted and were asked to send a full text article.
Reference lists of finally included articles were screened for additional papers satisfying the in-
clusion criteria.

Data extraction

Two reviewers (HJS, SG) independently extracted the following characteristics from each study:
subject of the study; study design; setting; country; total number, mean age and percentage of
males of the included patients and/or physicians. “Determinants” influencing physicians in making
NDD or NTD in elderly patients and “reasons” that were given by physicians for such decisions
were also extracted. If studies described decisions made by physicians as well as by paramedics,
only data concerning physicians’ decisions were used. To enable a comparison between the
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Figure 1 Flowchart, literature search performed on 2011-05-24

Synonyms for NDD OR NTD AND elderly

v

v

Duplicate records removed

Excluded on full text screening
No explanation of non-treatment

Patients” preferences n =1
Domain not elderly n =1

Experts’ opinion n=1

Review article / survey article n =1
Language other than English,
German, Dutch n=2

No full text available n =6

Related articles n =19

A
Cochrane
Pubmed 5,226 Review 140 Embase 6,660
Trials 3,649
A
15,675
Excluded on title sand abstract screening T
No non-treatment decisions or \ 4
non-diagnosis decisions n = 10,207
Determinant other than elderly n = 364 11,773
Decisions not made by physicians n = 833
Language other than English, German,
Dutchn =8
No abstract AND full text available n = 12
\ 4
349
Excluded on full text screening l l
No explanation of
‘non-diagnosis decisions’ n = 12 NDD* NTDT decisions n =7
Domain other than elderly n =3 35 314
Decisions made by paramedics
n=3
Authors' opinion n=5
Language other than English, NTDt in CVD%
German, Dutch n=2 26
No full text available n =1
Related articles n=9
\ 4 A 4
19 26

* Given this small number of NDD papers, we decided to broaden the domain of the NDD papers to elderly patients
suspected of any disease which resulted in 19 articles focusing on NDD.

T NTD: Non-treatment descisions
1 CVD: Cardiovascular diseases
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“determinants” and “reasons” of NDD with those of NTD, the “determinants” and “reasons” were
classified into predefined categories by two independent authors (SG, HJS). The following eight
categories were defined: 1) patients’ preferences, 2) condition of the patient before intervention
including age and co-morbidity, 3) expected quality of life after intervention, 4) proportionality
of an intervention (i.e. the risk or burden of an intervention opposed to the risk or burden of
no intervention), 5) physician related characteristics, 6) care institution related characteristics 7)
non-medical patient-bound characteristics and 8) the presence of a ‘no-resuscitate order’ or a
‘no-hospitalization order’ 9) ‘other “determinants” or “reasons”.? Inconsistencies between the
reviewers were discussed until consensus was reached.

Definitions

“NDD” were defined as decisions of physicians not to perform diagnostic procedures (e.g. im-
aging, exercise tolerance tests or biopsy). Decisions to withhold procedures with possibly both
diagnostic and therapeutic purposes (e.g. hospitalization or axillary’s lymph node dissection in
patients with breast cancer) were also classified as NDD.

“NTD” are defined as decisions of physicians to withhold or withdraw therapy in patients with a
certain disease or certain symptoms.

“Determinants” were defined as variables (i.e. characteristics) associated with NDD or with NTD
as based on e.g. a univariable or multivariable regression analyses. When multivariable associa-
tions were available, we selected the variables that were reported as significantly (p-value <0.05)
and independently associated with NDD or NTD. From studies were only univariable associations
with NDD or NTD were available, those variables were selected.

“Reasons” were defined as the justifications for NDD or NTD as given by physicians. Hence —in
contrast to “determinants” where the associations needed to be based on formal statistical cor-
relations — this was not needed for “reasons” as they included motivations as given by physicians
in interviews, surveys or in patient charts.

Cardiovascular diseases included arrhythmias, heart valve diseases, thrombotic or ischemic
diseases as well as hemorrhagic cerebrovascular accidents.

RESULTS

Identification and selection of studies

Our search yielded 11,773 unique citations (Figure 1-flowchart). After applying our a priori defined
in- and exclusion criteria, our search yielded of total of 26 NTD articles and 4 NDD articles. Given
this small number of NDD papers, we decided to broaden the domain of the NDD papers to el-
derly patients suspected of any disease which resulted in 19 articles focusing on NDD. These in
total 45 papers fulfilling the inclusion criteria and were further analyzed.

116



NON-DIAGNOSIS DECISIONS VS. NON-TREATMENT DECISIONS - SYSTEMATIC REVIEW

NDD

Characteristics of studies reporting on NDD

A total of 19 studies concerning 129,596 patients (range 72 to 91,521 per paper) of whom 111,561
nursing home residents and 72 electronic fictional patients, and 925 physicians (range 6 to 656
per study) were included. “Determinants” for NDD were investigated in 18 studies and “reasons”
for NDD in 4 studies; 4 articles investigated both. Ten studies were performed in hospitals, 8 in
nursing homes, and 1 in both hospital and general practitioner setting. Included studies inves-
tigated NDD in elderly patients suffering cancer (n=5), cardiovascular diseases (n=4), dementia
(n=5) or elderly patients without specified diseases (n=5). A detailed description of the included
articles is given in table 1.

“Determinants” associated with NDD

Considering studies on “determinants” associated with NDD (table 2), all studies demonstrated an
association between the patient’s condition before ordering a diagnostic test and NDD.*?® Within
this category, twelve studies showed a positive correlation of the patient’s age and the prevalence
of withholding diagnostic procedures.® 92125 Seven studies associated co-morbidity with NDD.
12118-20:22-25 Fiye of these studies included patients with dementia or cognitive impairment'®222° and
showed that depressive disorders were underdiagnosed (OR=0.61[95% CI,0.38-0.98])"® and
hospitalizations were more frequently omitted in patients with cognitive impairment (OR=0.69
[95%CI,0.49-0.89]).2*

In the category “non-medical patient-bound determinants”, female gender and non-white race
were associated with NDD.'"?3-%5 Female nursing home residents showed to have lower odds for
hospitalization than men (OR=0.67[95%Cl 0.47-0.89]).%*

Two studies showed that nursing home residents with ‘non-resuscitate orders’ were less likely to
be hospitalized (Mor et al, OR=0.48[95%Cl,0.38-0.59]).2%>* One study showed a relation between
the patient’s preference and NDD.™

Several studies showed an association between various physician-related “determinants” and
NDD:'%20 Edge et al showed that patients with mamma carcinoma treated by surgeons with sub-
specialty training in oncology were less likely to undergo axillary lymph node dissection compared
with patients who were cared for by other surgeons (OR=0.41 [95% Cl, 0.25- 0.68])."

Finally, characteristics of care institutions'2%24 were associated with NDD. Residents were less
likely to be hospitalized when they lived in a nursing home that had more staffing care hours per
resident (OR=1.50 [95%CI,1.18-1.91] for residents with > 4.44 staffing hours per day compared to
<2.75 staffing hours/resident/day)’®?* or in a nursing home that employed a physician-extender
(e.g. nurse practitioners, OR=0.59 [95%CI,0.39-0.97]).19:28:24

“Reasons” given for NDD
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Four studies investigated “reasons” given by physicians for NDD (table 2). In all four studies the
expected quality of life after the diagnostic testing as well as the proportionality of a diagnostic
procedure were stated reasons for NDD.'%202627 More specific, the following “reasons” were given:
expected benefit and risks of potential treatment,'%252” cost-effectiveness?®?® and the expected
discomfort due to diagnostic testing.?® The patient’s condition - including old age, quality of life
and mental or physical disabilities - before diagnostic testing'®2%2” were named by physicians to
influence their decision-making. Another given reason for NDD is the perceived lack of adequate
care in hospitals for elderly patients after the diagnosis.?® Finally, the patient’s preference and the
patient’s coping are mentioned as a “reason” to withhold diagnostic procedures.!%2¢

NTD

Characteristics of studies reporting on NTD

A total of 371,786 patients (range 2 to 350,755 per article) and 1,146 physicians (range 25 to 450
per article) were included. “Determinants” were investigated in 22 studies and “reasons” in 12
studies; 8 studies investigated both. Seventeen studies were performed in hospitals, 3 in nursing
homes, 5 in primary care and 1 in both hospitals and primary care. Studies investigated older
patients with aortic valve stenosis (AVS, n=7),%%%-% atrial fibrillation (AF, n=10),%*4% or myocardial
infarction (Ml, n=9).44-5% A list of characteristics of the included articles is given in table 1.

“Determinants” associated with NTD

“Reasons” of and “determinants” for NTD are listed in table 3. The patient’s condition be-
fore treatment is the most frequently associated with physicians’ decisions to withhold treat-
ment,228:30:31:33:34;36-38:42:43:45-47:47-53 Nineteen studies showed a relation between the patient’s age and
the frequency of NTD,230:31:33:36-39:43:45-53 Fight studies demonstrated a relation between co-morbid-
ity and NTD.228:33:3438:394851 For example, neurological dysfunction was associated with decisions
to withhold aorta valve replacement in patients with severe AVS (lung et al, OR=38.82 [95%ClI
1.23-12.27)).2

Non-medical patient bound characteristics were associated with NTD in six studies.36:46:49:51-53 Fg-
males®646:4952 gand patients of a minority ethnicity*®% were found to be less frequently treated than
males and patients of a non-minor ethnicity. Revascularization was less frequently performed in
MI patients of an ethnic minority (risk ratio(RR)=0.65 [95%CI 0.58-0.72]) and females (0.71 [95%
Cl 0.65-0.78]).46% Furthermore, a late presentation in a hospital after the onset of symptoms was
associated with NTD.5'-8

Three studies showed a relation between physician or care institution related characteristics and
NTD.4434° Beyt et al*® showed that physicians with a favorable opinion about - or a good expe-
rience with warfarin more often prescribed warfarin to patients with AF (respectively OR=3.4
[95%CI 1.2-9.7] and OR=2.6[95%CI 1.3-5.2)).
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Finally, the proportionality of an intervention — i.e. the risk of treating opposed to the risk of non
treating - was associated with NTD.%0:3439-4148 |n g]| six studies in this category, trombolytic or an-
ticoagulation therapy was withheld as result of a higher expected bleeding risk (OR=0.18 [95%Cl
0.04-0.53]).8

“Reasons” given by physicians for NTD

Three “reasons” for NTD were frequently given by physicians (table 3). First, patient’s preference
regarding withholding treatment is mentioned by physicians in 8 studies.?8-32:3538:40

Second, old age®"®&45! and a low physical and mental condition before treatment were frequently
mentioned reasons for withholding therapy.?8:30-3235:36:38:41:42:51

Finally, physicians frequently cited the proportionality of an intervention as a reason to forgo treat-
ment.28-32:35:3638:40:41 Specific “reasons” within this final category are diverse, including mild symp-
toms,2%¥25" non-critical or stable disease,?2%%32 high risk of falls when considering anti-thrombot-
ic therapy,®5%63841 high costs*®4! and high (mortality) risk due to treatment.?-3%4% In one study, the
expected quality of life after intervention was a reason for NTD.#°

Comparison of NDD with NTD

Differences and similarities concerning factors that were statistically correlated with NDD (i.e.
“determinants”) and “reasons” given by physicians for NDD were compared to those for NTD. We
found similarities in NDD and NTD in the following categories: The patient’s condition before an
intervention - including age and co morbidity - was the most frequently associated “determinant”
and most often mentioned “reason” for both NDD®516-27 and NTD.228:30-4345-83 Fyrthermore, the
expected quality of life after the intervention was a “reason” for both NDD'526%4 and NTD*° but the
statistical association between the expected quality of life after the intervention was investigated
in neither NDD nor in NTD articles. Several physician related characteristics were statistically
associated with NDD (e.g. training, age of the physician),'02%4% and NTD*%“® though it was not
mentioned as reason in any of the analyzed articles. “Determinants” considering care institution
(e.g. the presence of physician extenders) were found in NDD articles'®?*?* as well as in NTD arti-
cles.#'“® In neither NDD nor NTD papers, the patient’s ethnicity and gender were given “reasons”
for decision-making by physicians. In contrast, these characteristics were statistically correlated
with both NDD and NTD in several studies.!19:23-25:66:46:49:52:53 Giyen “reasons” for both NDD and NTD
were the patient’s preference?®-323%3840 gand the proportionality of intervention,19:20:26:28-32:35:36:38140:41
Concerning differences in related “determinants” of NDD compared to NTD, the presence of a
‘no-resuscitate order’ was associated with NDD in two articles,?*?* as opposed to none of the
NTD articles. Furthermore, though the proportionality of an intervention was a given “reason”
for both NDD and NTD, it was only statistically correlated with NTD30:3438-4148 gnd not with NDD.
“Reasons” considering care institution related characteristics were given in one NDD article®® and
in none of the NTD articles.
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DISCUSSION

This is the first systematic review on ‘non diagnosis decisions’. We summarized and compared
the literature on differences in non diagnosis decision making and non treatment decisions in
elderly patients. Despite our extensive search, only four articles describing NDD in older patients
suspected of having a cardiovascular disease were found,'*"” which suggests that there is little
attention for NDD as such in elderly patients.

Several similarities in decisions to withhold interventions in general (both NDD and NTD) were found.
The condition of the patient before an intervention (old age and comorbidity),!5:26-28:30-82:35:36:38:40-42:51
female gender and non-white race were - though gender and race were mentioned as reason in
none of the studies - statistically associated with both types of decisions.7:19:23-2536:46:4952 Frther-
more, the proportionality of an intervention was a mentioned reason for NDD as well as NTD in
and NTD. First, though it was a given reason in both NDD and NTD papers, the proportionality of
an intervention was only statistically associated with decisions to withhold interventions in NTD
papers®0:3438-41:48 [yt not in NDD papers. Second, physician and care institution related charac-
teristics'?%2743 were more frequently associated with NDD'%2%24 than with NTD.##° Furthermore,
advance care planning was associated with NDD,'®2%2324oyt not with NTD.

Strengths and limitations

Some limitations have to be acknowledged. First, as only four articles describing NDD in elderly
patients suspected of having a cardiovascular disease were found,'*'” we decided to broaden the
domain of the NDD papers to elderly patients suspected of any disease. This resulted in a notable
heterogeneity and broader domain for NDD papers as compared to NTD papers. This was done
because we assume that the physicians’ considerations in the diagnostic process will be compa-
rable within several diseases and will depend mostly on the features of the diagnostic procedure.
Second, some of the included studies investigated the influence of only a few and easy measur-
able variables - such as age and gender - on decision making processes, while more difficult to
measure variables might be underrepresented which may have biased the results that were found.
Furthermore, most of the included studies had a cross sectional and observational design, and
some studies only investigated univariable associations between “determinants” and decisions to
withhold interventions (NDD or NTD). This means that we could not draw conclusions about the
causality of the associations that were found. Yet, in a lot of studies that adjusted for confounding,
the presented associations were still found. For example, after adjustment for co-morbidity or
functional status, higher age still turned out to be associated with NDD and NTD.21:12:18:31:89148:52
Nevertheless, this does not exclude the possibility of residual confounding. However, these meth-
odological issues may affect both the papers on NDD and the papers on NTD, and are therefore
not likely to change our inferences from in the comparison between NTD and NDD.
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Third, we found a substantial additional number of relevant articles by screening of reference lists
of included articles. The original search did not contain these articles as a result of the absence
of any synonym for the word “elderly” in titles and/or abstracts though a subgroup analysis in
patients aged 65 years and over was performed. Hence, there is a possibility that more relevant
articles were missed. However, we performed a very extensive and broad search which contained
many synonyms for NDD and for NTD, as well as a validated search query including synonyms for
“elderly”” yielding numerous of articles. Therefore, we believe this systematic review represents
virtually all of the current literature concerning NDD in elderly patients, and NTD in older patients
with cardiovascular diseases.

Implications

In this systematic review we found that - though there were several differences - there is a lot of
overlap in NDD and NTD in the literature.

However, in clinical practice NDD tends to go with more uncertainties, a different (often earlier)
moment in the patients’ iliness course and possibly a different (more involved) role of the patient
than in NTD. When a physician decides to refrain from diagnostic procedures - thus makes a non
diagnosis decision - he/she will use all the available clinical information to asses the probability of
the particular diagnosis. Seemingly, the physician in case 1 (Box) considered that the probability
and moreover the possible consequences of deep venous thrombosis were that high that it would
outweigh the (bleeding)risks of the treatment, though it was possible that the patient would not
have thrombosis at all. In case 2 the non-diagnosis decision also implied a non-treatment deci-
sion; no physician will treat a patient as having a colon carcinoma when he/she is not confident
about the presence of it. Yet, the prognosis of this patient is very uncertain. Probably the patient
has colon carcinoma. In that case, the patient will lack treatment probably implying a shortened
life-expectancy due to the NDD. On the other hand, when the patient does not have colon carci-
noma her life expectancy will not be affected. Thus, whereas the uncertainty which goes with an
eventual treatment (i.e. chance of curing as a consequence of the treatment versus the chance of
complications due to the treatment) has a role in both NTD and NDD, the uncertainty about the
actual presence or absence of a certain disease only applies in NDD.

To support physicians in their clinical ethical decisions concerning initiating versus refraining from
(curative) treatment, standardized ethical decision algorithms have been proposed. Van der Steen
et al developed a ‘Checklist of considerations’ which was specifically designed for treatment
decision making in demented elderly patients with pneumonia.®® Also, more global theoretical
frameworks standardizing medical decision making processes have been developed.® The prin-
ciples of such guidelines can provide underpinning in difficult decision making processes (both
NDD and NTD) in older or mentally incompetent patients.
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Conclusion

This systematic review yielded a small amount off NDD papers. On theoretical grounds we as-

sume that NDD are clinically different than NTD but at present we are unable to confirm or to

reject our hypothesis that NDD can be seen as a separate entity distinct from NTD based on the

literature. Further research focusing on NDD and on the differences between NDD and NTD is

needed to position the entity of NDD as distinct from NTD.
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NON-DIAGNOSIS DECISIONS VS. NON-TREATMENT DECISIONS - SYSTEMATIC REVIEW

APPENDIX 1

Search syntax

Search Query Database Date Result
((diagno* [Title/Abstract]) AND (decision*[Title/Abstract] OR discussion*[Ti- ~ MEDLINE 2011/05/24 5226
tle/Abstract] OR dilemma*(Title/Abstract OR (withdrawing [Title/Abstract] )

OR withholding[Title/Abstract]) OR (“under reporting”[Title/Abstract] OR Embase 2011/05/24 66660
“under reported”[Title/Abstract] OR “under diagnose”[Title/Abstract] OR Cochrane* 2011/05/24 3789

“under diagnosed”[Title/Abstract] OR “under diagnoses” [Title/Abstract]
OR “under diagnosing”[Title/Abstract] OR “under diagnosis”[Title/Abstract]
OR “under diagnostic”[Title/Abstract]) OR underreport*[Title/Abstract] OR
underdiagno*[Title/Abstract] OR “decision making process” [Title/Abstract]
AND (elderly[tiab] OR community-dwelling[tiab] OR geriatric[tiab] OR
“mini-mental state”[tiab] OR alzheimer(tiab] OR alzheimer’s[tiab] OR alz-
heimers[tiab] OR mmse[tiab] OR caregivers[tiab] OR falls[tiab] OR Adl[tiab]
OR Frailty[tiab] OR Gdsl[tiab] OR Ageing]tiab] OR “hip fractures“[tiab] OR
elders[tiab] OR Frail[tiab] OR Mcitiab] OR Demented|tiab] OR Psycho-
geriatrics[tiab] OR “cognitive impairment”[tiab] OR “postmenopausal
women”[tiab] OR comorbidities[tiab] OR dementia[tiab] OR aging|tiab] OR
older(tiab] OR “daily living”[tiab] OR “cognitive decline”[tiab] OR “cognitive
impairment”[tiab] OR residents[tiab] OR “cognitive functioning”[tiab] OR

“old people”[tiab] OR nursing homes[mh] OR Geriatric assessment[mh] OR
aging[mh] OR frail elderly[mh] OR Alzheimer disease[mh] OR homes for the

aged[mh] OR cognition disorders[mh] OR dementia[mh] OR Activities of
daily living[mh] OR aged, 80 and over[mh])

* The displayed search query represents the search performed in MEDLINE. The same strategy was performed in
Embase and Cochranedatabases, with adapted brackets and search-denotations for these databases.
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CHAPTER 8
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CHAPTER 8

ABSTRACT

Background This study aimed to gather insights in physicians’ considerations for decisions to
either refer for- or to withhold additional diagnostic investigations in nursing home patients with a
suspicion of venous thromboembolism.

Methods Our study was nested in an observational study on diagnostic strategies for suspected
venous thromboembolism in nursing home patients. Patient characteristics, bleeding-complica-
tions and mortality were related to the decision to withhold investigations. For a better under-
standing of the physicians’ decisions, 21 individual face-to-face in-depth interviews were per-
formed and analysed using the grounded theory approach.

Results Referal for additional diagnostic investigations was forgone in 126/322 (39.1%) patients
with an indication for diagnostic work-up. ‘Blind’ anticoagulant treatment was initiated in 95
(75.4%) of these patients. The 3-month mortality rates were higher for patients in whom investi-
gations were withheld than in the referred patients, irrespective of anticoagulant treatment (odds
ratio 2.45; 95% confidence interval 1.40 to 4.29) but when adjusted for the probability of being
referred (i.e. the propensity score), there was no relation of non-diagnosis decisions to mortality
(odds ratio 1.75; 0.98 to 3.11). In their decisions to forgo diagnostic investigations, physicians
incorporated the estimated relative impact of the potential disease; the potential net-benefits of
diagnostic investigations and whether performing investigations agreed with established man-
agement goals in advance care planning.

Conclusion Referral for additional diagnostic investigations is withheld in almost 40% of Dutch
nursing home patients with suspected venous thromboembolism and an indication for diagnostic
work-up. We propose that, given the complexity of these decisions and the uncertainty regarding
their indirect effects on patient outcome, more attention should be focused on the decision to
either use or withhold additional diagnostic tests.
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INTRODUCTION

Both the annual incidence and the mortality rate of venous thromboembolism (VTE, deep vein
thrombosis (DVT) or pulmonary embolism(PE)) rise considerably with increasing age."? Diagnos-
ing VTE is particularly challenging in older patients as symptoms and signs are nonspecific and
might be camouflaged by co-morbidity in these patients.>® Moreover, the specificity of D-dimer
tests (e.g. the commonly used high sensitive ELISA-assays or latex agglutination assays) decreas-
es with age to only 15% in patients aged 80 years and over.”® As imaging examination is indicated
for those with an abnormal D-dimer test or a high probability of VTE obtained by application of a
clinical decision rule, many older patients are being referred to a hospital for imaging examination
(e.g. compression ultrasonography for DVT or CT pulmonary angiography for PE; procedures not
typically available in primary care or in nursing homes). Nevertheless, many of these patients do
not have VTE (typically 15 to 20% of older patients who undergo imaging examinations for clini-
cally suspected venous thromboembolism are actually affected).”®

Prior work has shown that frail older patients are vulnerable to distress and complications result-
ing from transitions to hospital-care.'®-"2 Gillick et al found that hospitalisation was associated with
psychological and physiological symptoms (e.g. confusion, falling and incontinence) in 40% of
hospitalized older patients (> 70 years as compared to 9% in patient < 70 years), irrespective of
the medical diagnosis.”® Yet, the burden and risks of hospital-attendance are of particular concern
in these patients. Moreover, contrast enhanced computed tomography of the pulmonary arteries
can cause nephropathy.'* Though additional imaging examinations might prevent the sequelae of
a missed diagnosis in a number of patients by directing appropriate treatment decisions, many
will be exposed to the potential harms of referral for additional diagnostic work-up. Currently, there
is growing concern that VTE might be overdiagnosed and thereby overtreated because of lower
thresholds for application of increasingly sensitive imaging tests.'s'6 Yet, little light has been shed
on the actual burden and risk of the procedure of diagnostic investigations itself or to physicians’
decisions to either refer for- or withhold diagnostic investigations (‘non-diagnosis decisions’) in
older patients with suspected VTE. Therefore, this study aimed to explore physicians’ consider-
ations in such decisions.'"'®

METHODS

A mixed-method study consisting of two parts was performed. In the first part, we quantita-
tively approached reasons for non-diagnosis decisions and compared the characteristics and
patient-outcomes of the referred patients to those of the non-referred patients. Second, for a
better understanding of the reasons underlying these decisions, we performed a qualitative study,
applying the grounded theory approach and semi-structured in-depth interviews.'%20
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The quantitative approach

This study was nested in the Venous Thromboembolism in the Elderly-study (VT-elderly study)
which aimed to quantify the accuracy of two diagnostic decision rules to diagnose or refute
VTE in nursing home patients and community dwelling elderly patients across the Netherlands.
The study had an observational and pragmatic design. Between October 2008 and April 2013,
consecutive patients with a clinical suspicion of VTE were included by their physician (gener-
al practitioners for community dwelling patients, elderly care physicians for patients residing in
nursing homes).?! Patients were not eligible for inclusion if they received anticoagulant treatment
(vitamin K antagonists or oral direct thrombin- or factor Xa-inhibitors) at presentation or if they
declined providing informed consent. Each patient’s medical history, clinical characteristics, signs
and symptoms, results on the diagnostic decision rule under study (the Wells score for patients
primarily suspected of PE or the Oudega rule for patients primarily suspected of DVT) and on the
D-dimer test-result were systematically recorded (Clearview Simplify D-dimer assay®, Inverness
Medical Princeton, NJ USA).2222 Three months after inclusion it was verified whether the par-
ticipant was still alive and if thromboembolic or bleeding-complications had occurred. Though
referral for imaging examination (that is, compression ultrasonography of the entire proximal deep
vein system in case of a suspicion of DVT, or CT-pulmonary angiography of VQ scanning when PE
was suspected) was recommended for all patients with a high clinical suspicion of VTE, it was left
to the physicians’ discretion whether patients were indeed referred. This high clinical suspicion
of VTE was based on either an abnormal D-dimer test or on a score >4 points on the Wells-rule
for patients primarily suspected of PE; or on a score >3 on the Oudega-rule for patients primarily
suspected of DVT.2228 The referred patients with confirmed VTE were treated with coumarins
and - until a stable INR in the therapeutic range was achieved- with a therapeutic dose of low
molecular weight heparin. Patients in whom VTE had been refuted received no anticoagulant
treatment. For the non-referred patients with a high clinical suspicion of VTE, it was left to the phy-
sicians’ discretion whether patients received anticoagulant treatment. Physicians who decided to
withhold referral for imaging examination in participants with a high risk of VTE were requested to
identify appropriate reasons for this decision. For the current analysis, we included only patients
residing in nursing homes with a high clinical suspicion of VTE. Within this group, we tested the
differences between patients referred for additional diagnostic testing and non-referred patients,
regarding patient characteristics and 3-month bleeding rate and -mortality, according to received
treatment. To assess to what extent the differences in the referred and non-referred groups con-
tributed to their outcomes (i.e. potential confounding by indication) we calculated the probability of
being referred for further diagnostic investigations based on the patients’ characteristics (i.e. pro-
pensity score-estimation) and subsequently adjusted for this probability in a multivariable model.
We used Statistical Package for Social Sciences (SPSS) version 20 for these analyses.
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Ethics statement

This study was judged as exempt from review by the local ethics review board of the University
Medical Center Utrecht, the Netherlands (08-124/E) and conducted according to the Federation
of Medical Scientific Societies’ code of conduct for health research.?*

The qualitative approach

Participants and data collection

Within the VT-elderly study, we qualitatively focussed on physicians’ decisions to forgo referral for
diagnostic investigations. By applying the “grounded theory” approach we set out to gain a higher
level of understanding on the quality, that is the context wherein- and the perspective from which
physicians decided to withhold further diagnostic investigations in nursing home residents with
suspected venous thromboembolism. This understanding is “grounded” in a close and system-
atic analysis from in-depth interviews. The “grounded analysis” is based on three key principles:
1) simultaneous cycles of data collection and analysis (iterative analysis), 2) wherein emerging
themes are refined and explored in the next interviews with participants who might have different
perspectives (purposeful sampling), and 3) by comparison of issues of interest in the data with
other examples for similarities and differences (constant comparison). 202

We purposefully sampled elderly care physicians who included one or more patients for whom
it was decided to forgo referral for imaging examination despite a high risk of VTE. To diminish
recall bias, only inclusions between January 2011 and May 2012 were selected, as the interviews
were held between May and July 2012. Of 26 eligible elderly care physicians, 21 physicians (84%)
participated, 4 physicians declined participation and one person was no longer employed as an
elderly care physician. The five non-participating physicians (3 females, 4 from rural areas and one
from an urban area) had all enrolled one patient for whom they withheld further investigations (2
patients primarily suspected of PE and 3 of DVT) and provided the following reasons for their de-
cisions: ‘alternative diagnosis more likely’ and ‘advanced dementia’. These reasons and charac-
teristic were comparable to those of the 21 participating physicians. The participating physicians
were on average 52 years old and had an average of 20 years of experience as board certified
elderly care physician; a medical specialty in the Netherlands in nursing home and primary care
geriatric medicine.?' None of the participants had affiliations with hospitals or with universities.
The majority of the participants was female and most physicians provided care to patients with
psychogeriatric disorders as well as to patients with somatic disabilities (table 1). The physicians
underwent individual in-depth interviews, approximately 45 minutes in length at their workplaces,
at a time chosen by the physicians. All physicians gave oral consent prior to the interview. To
increase recall and to find a joint starting point, the interviewers (MK or HJS) introduced each
interview with a résumé of the clinical situation of the patient for whom the decision to withhold
additional diagnostic testing was made. Afterwards, the physicians were asked to describe the
situation of the patient and to discuss their decision in detail. A topic list based on discussion
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Table 1 Characteristics of the participants in the qualitative study

Characteristic (n=21) n
Participants in current study (total included, %) 21 (100)
Age (median, range) 52 (37 to 61)
Work experience as elderly care physician (years, median, range) 20 (4 to 27)
Female (%) 15 (71.4)

Patient population under physician’s care*

Patients with psychogeriatric disorders (%) 20 (95.2)
Patients with somatic disorders (%) 17 (80.1)
Rehabilitation patients (%) 4(19.0)
Palliative care patients (%) 3(14.3)
Patients with psychiatric disorders or non-congenital brain injury(%) 2(9.5)

* 17 physicians had more than one type of patients’ populations

and a systematic review of the research group was used at the end of each interview to ensure
that all topics were discussed."” The interviews were conducted and analysed through constant
comparison; after each interview the topic list was reviewed and modified according to the topics
emerging from the interviews. After 13 interviews were performed, saturation was reached for the
major concepts; this was confirmed with eight subsequent interviews. Consistency among the
interviewers was encouraged by giving each other verbal feedback after each interview.

Data analysis

Data collection alternated with data analysis. Interviews were audio-recorded, professionally tran-
scribed verbatim, anonymized and checked for accuracy. Data was analysed according to the
steps described in the QUAGOL.2¢ Narrative reports were written after each interview and memos
were formulated during the analytical phase to enhance a consistent analysis process. After read-
ing and rereading the data, two researchers marked each meaningful text segment separately
and developed preliminary codes based on the first six interviews (open coding, MK and HJS).?”
The subsequent seven interviews were also separately coded by the two researchers. During
joint meetings, they constantly compared their analysis to identify common themes and worked
towards consensus in interpretation of the data (researcher triangulation).?° The subsequent eight
interviews were similarly coded by one investigator (MK) and checked by a second investigator
(HJS) (axial coding). A third investigator was consulted (HLK) to resolve discrepancies between
the first two investigators. Afterwards, the interpretations of each code were specified and their
appropriateness was monitored. Simultaneously constant comparisons within and across the
preliminary categories were iteratively made to examine interrelationships between the categories
that provided the basis for a theoretical framework. Interdisciplinary sessions were regularly held
to review and appraise the emerging patterns (researcher triangulation, HLK, JJvD, MK and HJS),
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there was no substantial disagreement between the researchers during these sessions.?® During
all phases of the analyses, alternative explanations of the findings were proposed and discussed
to ensure strictly inductive and data-driven formulation of concepts.?® Data-analysis was support-
ed by NVivo 10 software.

Rigour

After all interviews and analysis were performed, a focus group meeting took place in order to
obtain peer review of the results. The participants of this focus group were 7 physicians (not being
respondents in the interviews) employed in nursing homes within one organisation in Utrecht, the
Netherlands. One investigator (HJS) presented the theoretical framework and invited the group
to critically reflect on this concept in a reciprocal dialogue.?® The presented model was acknowl-
edged by the focus group at large; the meeting gave no cause to collect extra data.

RESULTS

Quantitative approach

A total of 423 nursing home residents with clinically suspected VTE were enrolled in the VT-elderly
study (294 patients primarily suspected of DVT and 129 of PE) of whom 322 patients had a high
probability of VTE and/or an abnormal D-dimer test. Referral for additional diagnostic investiga-
tions was forgone in 126/322 (39.1 %) patients. Anticoagulant treatment was initiated in 95 (75.4%)
of these 126 patients in whom an objective diagnosis was lacking. The presence of co-morbidity
and ‘a limited life-expectancy’ were most frequently indicated by physicians as reasons for their
decision to withhold additional diagnostic imaging examination (respectively 73.8% and 50.0%;
table 2).

The non-referred patients were more often bedridden or chair-bound (respectively 68.5% versus
52.0%, p=<0.01), more often primarily suspected of PE instead of DVT (48.4% versus 20.1%,
p<0.01) and had a lower score on the clinical decision rule compared to the referred patients
(table 3). Moreover, the 3-month mortality rates were higher in patients in whom investigations
were withheld than in the referred patients, irrespective of anticoagulant treatment (31.0% versus
17.1%, odds ratio crude 2.15 (95% confidence interval 1.26 to 3.67) and odds ratio corrected for
treatment 2.45 (1.40 to 4.29); table 4 and table 5). However, after adjustment for the probability
of referral for additional diagnostic investigation (i.e. propensity scores) there was no significant
difference in mortality between the non-referred and the referred patients (odds ratio 1.75 (0.98 to
3.11)). Moreover, there were no significant differences in bleeding rates between the referred and
non-referred patients; no bleeding occurred in any patient who was not treated with anticoagulant
treatment.
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Table 2 Reasons given by physicians (n=84) to withhold additional investigations; ticking of more than one reason was
allowed

Reason Frequency of given reason

n=84 n (% of physicians ticking the
reason)

Co morbidity 62 (73.8)

Limited life-expectancy 42 (50.0)

Limited quality of life 30 (85.7)

Agreed palliative policy 27 (32.1)

Agreed symptomatic policy 22 (26.2)

Contra-indication anticoagulant treatment 6(7.3)

Unusual in our nursing home 5(6.0)

Qualitative approach: motivations for non-diagnosis decisions

Further analyses were restricted to the qualitative analysis of the in-depth interviews. In the phy-
sicians’ reasoning, three key-themes were identified. These key-themes were translated to three
key-questions describing the most important reasons in the physicians’ consideration of the pro-
portionality (that is the harm-benefit ratio) of the referral for additional diagnostic interventions
(table 6): 1) What is the relative impact of the potential disease? 2) Does performing additional
diagnostic investigations agree with advance care planning? 3) And, do potential benefits of ad-
ditional diagnostic investigations outweigh burden and risks for the patient? Furthermore, physi-
cians named several non-patient related factors that influenced their decisions; we called these
factors ‘modulating factors’ (table 7).

Key question 1: What is the relative impact of the potential disease? The impact of the poten-
tial VTE-event was estimated (that is, a combination of the severity of symptoms and estimated
prognosis) and was considered in the perspective of the patient’s chronic condition. For some
patients, the impact of the potential VTE-event was overshadowed by their chronic condition;
physicians expected that the potential VTE-event would not significantly alter their quality of life or
life-expectancy as this was largely determined by their chronic condition. For example, a physi-
cian of a patient with paraplegia due to a spinal cord lesion considered the suspected DVT as ‘just
a detail’ for his patient (table 6) which was the main reason to withhold further diagnostic work-up
for this patient. However, the presence of more severe symptoms (e.g. severe discomfort due to
suspected PE) or severe complication risks inclined physicians to perform additional diagnostic
tests.

Key question 2: Does performing of additional diagnostic investigations agree with advance
care planning? Physicians stated that it is common practice to discuss advance care planning
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with every resident at their admission in Dutch nursing homes. Advance care planning implies a
decision concerning the outline of the goals and boundaries for medical interventions based on
regularly held discussions with the patient or his/her legal representative. Next to the patient’s
chronic condition and estimated prognosis, the patients’ attitude and his/her (negative) experi-
ences with previous hospital admissions commonly played a role in the goals of medical inter-
ventions. Physicians experienced this predefined advance care planning as guiding principles
for their medical decisions, next to the wish of the patient and his or her family at the time of the
clinical suspicion of VTE. Though referral to a hospital was generally considered inappropriate
within a “palliative-" or “symptomatic goal” (i.e. medical treatment aimed at optimal well-being and
an acceptable quality of life rather than on cure or extension of life),?® it was generally believed
that anticoagulant treatment would relieve the complaints of the patient and therefore it was con-
sidered as an appropriate intervention for patients with such an in-advance planned “palliative-"
or “symptomatic goal”. However, one physician consciously decided- in consultation with the
patients’ representatives- to withhold anticoagulant treatment for a patient and hoped that the
possible PE would be an opportunity to let the patient pass away (table 6); for this patient, the
pre-determined goal of medical care was to optimize well-being rather than on cure or extension
of life.

Key question 3: Do the potential benefits of the investigation outweigh its burden and risks? lin
the light of relative impact of the potential disease, the potential net-benefits of investigations were
estimated. Physicians stated that the performance of investigations driven by curiosity or ‘just to
know the diagnosis’ did not fit in their professional standards (table 7). The pursuit of a diagnosis
was considered of limited value if this would not lead to an alteration in management.

Several physicians seemed to strongly rely on their diagnostic reasoning: they estimated the
probability of VTE (based on clinical signs and symptoms, D-dimer testing) as very high (“there
was no alternative explanation for these symptoms”) and subsequently immediately started anti-
coagulant treatment. In their opinion, anticoagulant treatment would have been initiated anyhow,
so they considered imaging examination of limited value. In contrast, several physicians would
only start anticoagulant treatment if the diagnosis of VTE would be confirmed by imaging exam-
ination and considered the complication risks of treatment unacceptable if the diagnosis would
not be established (table 6). Others withheld treatment in particular patients as they judged the
disadvantages of the treatment - either due to complication risk or burden of the administration
and monitoring- of overriding importance.

Physicians felt that the transport to a hospital and undergoing additional investigations would
bring on physical and mental burden to their patients. It was felt that hospital care was not suf-
ficiently set up for frail older people. Fear of disturbing the patient’s mental equilibrium was an-
other reason cited by physicians to not seek additional diagnostic tests. Physicians considered
that a hospital admission would strain their coping and that it could even be detrimental due to
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Table 3 Baseline characteristics, patients referred and not referred for additional diagnostic testing

Patients with a high risk of VTE in whom imag-  Patients referred Non-referred p
ing examination was indicated for investigations patients (x2)
n=322 n=199 n=126
Demographic characteristics
Male 56 (28.1) 35 (27.8) 0.94
Age mean (SD) 82.3(9.0) 82.3 (10.6) 0.45%
Symptoms and signs
Acute onset of symptoms 138 (69.3) 84 (66.7) 0.61
Duration of symptoms in days, median (inter- 2.0 (4.0) 3.0 (6.0) 0.10
quartile range)
Painful leg 91 (45.7) 38 (30.2) <0.01
Swollen leg 158 (79.4) 67 (53.2) <0.01
Erythema of leg 78 (39.2) 33 (26.2) 0.02
Clinical probability of VTE
Physicians’ estimation of the probability of VTE 65 (30) 70 (33) 0.62°
(Gestalt) in %, median (interquartile range)
D-dimer abnormal 195 (98.0) 121 (96.0) 0.30
Medical history and functionality
Previous DVT 22 (11.1) 10 (7.9) 0.36
Previous pulmonary embolism 14 (7.0) 8 (6.9) 0.81
Active malignancy 26 (13.1) 17 (13.5) 0.91
Bedridden or chairbound (i.e. unable to walk) 108 (52.0) 85 (68.5) <0.01
Outcomes within 3 months
Anticoagulant treatment initiated - 95 (75.4) -
VTE confirmed 118 (59.3) - -
Clinical significant bleeding 6 (3.0 9(71) 0.08°
3-months mortality 34 (17.1) 39 (31.0) <0.01®
Patients primarily suspected of DVT n=159 n=65
Difference in calf circumference in cm, mean 3.8 (2.0 3.4 (2.2) 0.93
(8D
Oudega score for DVT (clinical variables only), 2.6 (1.5 2.201.7) 0.242
mean (SD)°
DVT confirmed 22 (565.0) -
3-monts mortality 25 (15.7) 14 (21.5) 0.30
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Table 3 (continued) Baseline characteristics, patients referred and not referred for additional diagnostic testing

Patients primarily suspected of PE n=40 n=61

Cought 8 (20.0) 11 (18.0) 0.81
Pain at inspira‘[iond 17 (42.5) 17.(27.9) 0.13
Dyspnoea? 31 (77.5) 52 (85.4) 0.80
Tachycardia (> 100 per minute) 13 (32.5) 28(45.9) 0.18
Total score on the Wells rule for pulmonary 4.5(1.9) 3.6(2.2 0.282

embolism, mean (SD)¢
Pulmonary embolism most likely diagnosis® 30(75.0) 31(50.8) 0.02
PE confirmed 46 (70.8) - -
3-months mortality 9 (22.5) 25 (41.0) 0.06

a- Independent samples T-test; b- Mann- Witney U-test; c- Data only available for patients primarily suspected of DVT;
d- Data only available for patients primarily suspected of pulmonary embolism; e- provided p-values over the total
groups of patients. The p-values within the strata ‘primarily suspected of PE’ or ‘primarily suspected of DVT’ were
>0.05

Table 4 Multivariable association with decisions to withhold additional diagnostic testing; stepwise backward selection
of variables

Variable Odds ratio (95% confidence interval) for physicians’
decision to withhold additional investigation

Total score on clinical decision rule 0.86 (0.75 to 0.99)

Chair bound or bedridden (reference= able to walk) 1.96 (1.18 to 3.25)

Initial suspicion DVT (reference= primary suspicion of PE) 0.21(0.12t0 0.36)

Table 5 The association of decision to withhold diagnostic testing with patient outcomes within 3 months; odds ratios
(95% confidence interval)

3 month mortality 3 month bleeding rate (any clini-
cally significant bleeding)

Non diagnosis decisions (crude) 2.15 (1.26 to 3.67) 2.60 (0.90 to 7.48)
Non diagnosis decisions (treatment added) 2.45 (1.40 to 4.29) 2.24 (0.76 to 6.60)
Non diagnosis decisions (Propensity score added as 1.75(0.98 to 3.11) 2.78 (0.90 to 8.60)

continuous variable*)

Non diagnosis decisions (Propensity score and antico- 1.99 (1.09 to0 3.62) 2.38 (0.751t0 7.54)
agulant treatment added*)

* Propensity score for the probability of referral for further diagnostic investigations based on the following variables:
gender, age, mobility, primary suspicion DVT or PE, duration of symptoms, acute onset, painful leg, swollen leg, pre-
vious DVT, previous PE, decubitus, antiplatelet use, estimated probability of VTE by physician, total score on decision
rule. There was a moderately to good balances for all variables within the propensityscores.
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Table 6 The main categories in the physicians’ considerations

Key question

Considerations in-
clining the physician
to refer the patient
for additional imag-
ing examination

Considerations in-
clining the physician
to withhold referral
additional imaging
examination

Citations illustrating the consideration

What is the relative
impact of the poten-
tial disease?

Does performing
investigations agree
with the goals for
medical interven-
tions as established
in advance care
planning?

Do the potential
benefits of the inves-
tigation outweigh its
burden and risks for
the patient?

150

Potential disease;
risks/threats of

the disease for the
patient’s prognosis;
mortality risk; severity
and burden of current
symptoms; expected
burden of potential
complications of
disease

Potential benefit of
diagnostic investi-
gation

Alteration in
management; the
likelihood that further
investigations will alter
intended management

Proportionality of
the burden of treat-
ment; establishing the
diagnosis makes the
burden of treatment
more proportional.

Chronic condition

of the patient; low
quality of life; high
age; worse prognosis/
short life expectancy;
cognitive decline;
(irreversible) chronic
burden of disease

The burden and risks
of investigation

Physical burden of
investigation; dura-
tion of hospital visit;
transport to hospital;
physical complication
risk

Burden of treatment;
risk of (bleeding)
complications; Burden
of drug administration
and monitoring

11: “The spinal cord lesion and the paraple-
gia determine the rest of her life, irrespec-
tive of how long that may be. It is of course
already an old lady. And in my experience,
it does not make sense to mess up things
for a particular detail, such as a compli-
cation of thrombosis. This might seem
strange, but with all these major miseries,
it is just a detail.”

113: “Consider a patient (...) who is in a pre-
terminal phase. In such a case we focus on
the prognosis and life expectancy. Which
complications may occur when we refrain
from actions? And how does that affect the
quality of life?”. 112: “So, here is actually

a woman of whom we disrespectfully say
"this is someone who has forgotten to die.”
Perhaps, this may sound bad, but she re-
ally is not happy. So, we secretly hoped for
that this would be her time to finally die “

121: “In a nursing home it is not obvious

to exhaust all possibilities and resources.
Almost all things you do is a consideration
of the expectancy and the burden of
something, and also the expected course
afterwards.”

116: “Sure, you act in good conscience,
also in this case. Yeah, you never know
for certain, but the clinical picture gives
me the impression that there is a high
probability the diagnosis is correct.” [14:”|
consider this as a great burden: in the
ambulance, lying there for hours, bearing
several examinations, family that has to
accompany.... and then returning several
hours later reporting; ‘the examination has
failed”.”

114: “If one frequently falls and there are
signs of PE, therefore you should treat,

but you also know that one falls and could
even get an intracranial haemorrhage, then
—with a person who is fine- the priority of
the diagnosis takes over the argument.”



Added value for the
patient’s quality of
life; through assess-
ment of prognosis or
through guidance and
care for the patient
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Mental, psycholog-
ical and emotional
burden and coping;
Not understanding
what is going on;
unable to lie still; of-
fering resistance; risk
of mental complica-
tions(e.g. delirium)

112: “What counts as well is that, in many
of my years of experience, | have seen so
much misery: people going to the hospital
and either dying there, tremendously
delirious, tied up to the bed, or returning in
a condition that makes you say: “Oh my, |
wish we had never started this.”

19: “Well, in her case it also played a role
that the confirmation of the diagnosis did

not outweigh the increasing risk of deliri-
um by doing these kind of things ”

complications. Particularly for patients with cognitive decline or psychiatric diseases, referral was
considered burdensome. For some patients it was felt that it would even be impossible to perform
imaging examinations, as they would get restless because they would not understand what was
going on, or that they would offer resistance.

Modulating factors

Next to the considerations of the proportionality of investigations for a particular patient, we de-
tected several factors that affected the physicians’ decisions more in general (listed in table 7). As
a result of their decision to withhold diagnostic investigations physicians felt that they had to ac-
cept more uncertainty in their treatment decisions. Physicians with more work experience tended
to be less concerned by this uncertainty and placed greater emphasis on their clinical judgement.
Moreover, their estimations of the relative benefits of investigations for the patients tended to be
less positive. Some physicians expressed the fear that their lead role in decision-making would
be lost if patients were referred to the hospital. Others experienced resistance from hospital
workers if they intended to hand over a patient to hospital care. In addition, various practical con-
siderations could also persuade the physician to forgo referral; for example the inconvenience of
arranging a referral or the absence of someone to accompany the patient.

DISCUSSION

This study explored physicians’ decisions to withhold diagnostic investigations in elderly patients,
both in a quantitative and qualitative manner. We found that almost four out of ten nursing home
patients with a high risk of VTE were not referred for additional diagnostic investigations. Gener-
ally, elderly care-physicians considered referral for additional diagnostic testing as a great burden
for their frail older patients and aimed to reserve referrals for problematic cases. This was in line
with previous studies pointing out the risks and burden of hospital transfers in frail older pa-
tients."122% Hogpital-transitions among nursing home residents are associated with in increased
risk of functional decline, development of decubitus ulcers, tube feeding insertion (adjusted odds
ratios up to 2) and a 20% risk of adverse drug events due to prescription errors.!%8303" Compared
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Table 7 Modulating factors

Physician re-
lated factors

Experience

Duration of work as physician in elderly care
Feedback on own acting

Medical training

Standards and values

Not wanting to do medically pointless interventions

Though aware of it, costs of medical interventions are no
deciding factor

Starting or continuing interventions is considered easier
than stopping or withdrawing interventions

Physician takes (responsibility for) decision and tries to
get the patient (‘s family) to go along

Aim to prevent a conflict with patient(‘s family)

Professional standards

In general being reserved to refer to a hospital

Little available diagnostic technology in the nursing
home lead to more often withholding it

Curiousness or ‘wanting to know’ of less importance
Holistic patient approach
Pursuit of quality of life and comfort

Being aware of the verges of life

Fear for losing direction when referring

Risk for more diagnostic interventions than requested

Experienced resistance proceeding from hospital

Diagnostic uncertainty

Negative experience with previous hospital admissions

Patient(‘s Patient’s wish
family) related ] L
o Derived patient’s wish

Desire to reduce the duration of the patient’s suffering

Previous statements of the patient which support
restraint management

Family

Negative experience with patient’s previous hospital
admissions

Unable to take leave of the patient
Unable to handle uncertainty
Having a feeling of guilt

Considered burden of the patient for the informal
caregiver

Composition of the family and family bonds

Religion/culture

Religious patients tend to wish to continue medical
interventions to the very end
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Table 7 (continued)

Circumstances Distance to hospital
Availability of diagnostic interventions
Availability of someone to accompany the patient
Time of the day/week
Workload

Inconvenience to arrange referral

Other factors Conceived burden of the referral for the caregivers in the hospital

Characteristics of the nursing home hardly influences the decision
making

Not knowing the patient inclines the physician to referral

to the patients who were referred for additional diagnostic investigations, the non-referred pa-
tients had a higher crude 3-month mortality rate; almost one out of three of these patients died
within three months. Due to the non-randomized design of the study we cannot firmly interpret
these findings. Though it is possible that the lack of an adequate diagnosis and subsequent-
ly under- or overtreatment partly contributed to the higher mortality-rates in the non-referred
patients,® it is much more likely that the worse outcomes of the non-referred patients can be
explained by a worse prognosis of these patients non-referred beforehand; compared to the
referred patients, the non-referred patients were more often primarily suspected of PE (instead
of DVT) and more often severely impaired in their mobility. Moreover, though univariable analysis
revealed a higher 3-month mortality-rate for the non-referred patients, there was no longer an
association between non-diagnosis decisions and mortality when the probability of being referred
(i.e. the propensity score) was added to the multivariable model. Yet, the differences in 3-month
mortality largely derives from differences in patient characteristics rather than by the effect of the
decision to withhold diagnostic investigations and subsequently guided therapy. Therefore, our
results raise the important management question whether the potential (but unknown) benefit of
definite diagnosis versus empirical treatment outweighs the known harms of hospital transfer in
nursing home residents with a clinical suspicion of venous thromboembolism in whom an objec-
tive diagnosis is lacking.

Strikingly, anticoagulant treatment was initiated in most (75%) of the patients for whom was de-
cided to withhold investigations. Though there was a general belief among physicians that anti-
coagulation treatment would relieve the complaints of their patients, there appeared to be a large
variation in the physicians’ notions on the risks and benefits of anticoagulant treatment in older
patients and in the subsequent effects of these notions on their decisions. Several physicians
considered the complication risks of anticoagulant treatment insignificant and were inclined to
initiate treatment without confirmation of the diagnosis, whilst others considered the bleeding
risk as substantial and were only willing to initiate treatment if the diagnosis was objectively con-
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firmed, whereas others decided to withhold further diagnostic testing as they intended to with-
hold anticoagulant treatment irrespective of the diagnosis. Previous studies showed that in older
patients with multi-morbidities, anticoagulation treatment is associated with a more than twofold
increased bleeding risk.®3-% However, despite this risk, anticoagulant treatment is highly effective
in prevention of (fatal) recurrences of VTE (absolute risk reduction of 52.6% of fatal and non-fatal
recurrences), and therefore, even high age, multiple comorbidities and/or cognitive impairment
are not necessarily contra-indications for anticoagulant treatment.33:36:37

The strengths of our study derive from the combined quantitative and qualitative methods to gain
understanding of the physicians’ diagnostic decision making and the context of- and important
reasons in this diagnostic decision making. Furthermore, there was good concordance in the
analysis of the researchers who separately and subsequently jointly reviewed transcripts. Also,
validation of the results by means of the focus group meeting did not show serious disagreement
with the analysis.

Yet, for full appreciation of our results, some aspects of our study warrant comment. First, our
study was a post-hoc analysis on data of a prospective study which aimed to validate clinical
decision rules in combined with normal D-dimer testing to rule out VTE in older nursing home
patients. Consequently, not all variables identified in our qualitative study to potentially correlate
with the physicians’ decision to withhold additional diagnostic investigations were systematically
collected in the quantitative study. Specifically, we did not determine a frailty index score, the
presence of ‘do not resuscitate’ orders, or the presence of either cognitive or renal function im-
pairment. Moreover, our study was not primarily powered to detect differences between referred
and non-referred patients. A larger sample size would possibly have resulted in more significant
differences between these two groups.

Second, the single-country of the study might hamper generalization of our findings to other
countries, as the organization and healthcare ethics in the Dutch nursing home care may be
different from other countries.?%® Medical care for nursing home residents in the Netherlands is
delivered by so called ‘elderly care physicians’; a medical specialty in the Netherlands in nursing
home geriatric medicine. These physicians have completed a medical specialisation training of
three years and - in general- exclusively deliver care to geriatric nursing home patients (i.e. not in
hospital settings). In a qualitative study comparing decisions of Dutch and American physicians
(from North Carolina) to treat or withhold treatment in nursing home residents with pneumonia,
Helton and colleagues found that American physicians were more deferential to family preferenc-
es and were inclined to treat more aggressively, even in cases when they considered families’
wishes for care as inappropriate.®® Therefore, more studies - particularly in other settings and
countries- are needed to further explore physicians’ diagnostic reasoning and also to quantify the
impact of additional diagnostic testing on patients’ quality of life in clinically relevant subgroups.
Third, the semi structured face-to-face interview method offered a context for the physicians to
speak honestly about difficult clinical situations and their considerations in their decision-making

154



DECISIONS TO WITHHOLD DIAGNOSTIC INVESTIGATIONS

and the interviewers made every effort to stimulate the physicians’ frankness. Nevertheless, the
possibility of socially acceptable answers by the participants could not fully be excluded.

Last, though the pragmatic and observational study-design of the VT-elderly study did not force
physicians to refer patients with high scores on the clinical decision rule, it is possible that physi-
cians were less prone to include the frailest patients or patients in whom they deviated from the
rule in the VT-elderly study (gatekeeping).®® This might have introduced selection bias which might
have led to an underestimation of the frequency of non-diagnosis decisions for patients residing
in Dutch nursing homes. Nevertheless, we do not expect that this hampered the completeness in
the variety of our presented categories in the qualitative analysis of non-diagnosis decisions.?02°

In conclusion, our results suggest that elderly care physicians are frequently faced with the diffi-
cult task to decide whether referral for additional diagnostic investigations is of benefit to their in-
dividual patient with suspected VTE. For almost four out of ten nursing home patients with a high
clinical suspicion of VTE, additional diagnostic investigations were withheld. ‘Blind’ anticoagulant
treatment was initiated in three out of four of the non-referred patients. The 3-month mortality
rates were higher for patients in whom investigations were withheld than in the referred patients,
irrespective of anticoagulant treatment. However, when adjusted for the propensity score, there
was no relation of non-diagnosis decisions to mortality. We unravelled the physicians’ complex
decisions to forgo additional diagnostic investigations. Our analysis revealed that the physicians’
decision to forgo additional diagnostic investigation was a complex one that appeared to be
primarily based on their judgment of the benefit balanced against potential harms likely to come
from such testing. Given the complexity of these decisions, more attention for this formerly un-
discussed topic is needed. This may open debate among physicians and contribute to well-con-
sidered decision making.
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The main difficulty in the diagnostic work up of patients with suspected venous thromboembo-
lism (pulmonary embolism and deep vein thrombosis) is to adequately and timely distinguish
the minority of patients in whom venous thromboembolism is indeed present and who require
anticoagulant treatment from those who do not have the disease and in whom treatment can be
safely withheld.?® This diagnostic work-up is a process in which the physicians’ estimation of the
probability of the presence of venous thromboembolism based on information obtained from his-
tory taking and physical examination is implicitly updated with additional diagnostic tests (such as
a clinical decision rule, D-dimer testing or imaging examination) in order to change this probability
towards a probability above or below a threshold of which the physician is confident enough to
make treatment decisions (figure 1).4° Ideally, the more burdensome and costly modalities (CT
pulmonary angiography or compression ultrasonography) are avoided which would also reduce
exposure to nephrotoxic contrast and carcinogenic radiation. Appropriate treatment decisions
are important as anticoagulant therapy may prevent the potential fatal sequelae of venous throm-
boembolism whereas unnecessary use in those without the disease is inconvenient, costly and
carries risk of (major) bleeding.?°

For patients, the impact of the accuracy of the diagnostic strategy thus results from their physi-
cians’ decisions to either (correctly of wrongly) initiate or to withhold anticoagulant treatment as
guided by the final diagnosis (figure 2)."'° An appropriate diagnostic workup of venous thrombo-
embolism is particularly important for older patients as both their short term mortality-risk of ve-
nous thromboembolism and their complication-risks resulting from anticoagulant treatment and
further diagnostic testing are high."'#

In this thesis, we aimed to answer three questions. The first two questions focused on the accura-
cy of commonly used diagnostic tests in older patients with suspected venous thromboembolism:

1. What is the accuracy of existing clinical decision rules in older patients with suspected
venous thromboembolism?

2. What is the diagnostic value of the D-dimer test using either conventional or age-adjust-
ed cut-off values in older patients with suspected venous thromboembolism?

With the third question, we focused on physicians’ decision-making in the diagnostic work-up of
older patients with suspected venous thromboembolism.

3. What are physicians’ considerations in their decisions to either refer for- or withhold
additional diagnostic investigations in older frail patients with suspected venous throm-
boembolism?

In this chapter, the studies presented in this thesis will be summarized and discussed in a broader
perspective.



SUMMARY AND GENERAL DISCUSSION

SUMMARY OF THE FINDINGS

What is the accuracy of existing clinical decision rules in older patients with suspected
venous thromboembolism?

To correctly exclude the presence of venous thromboembolism without the need for further diag-
nostic work-up, so-called diagnostic decision rules - based on a weighed combination of signs
and symptoms and the result of the D-dimer test - have been developed.'® These strategies have
been derived and validated in both primary and secondary care patients suspected of venous
thromboembolism. Notably frail older patients might benefit from such a strategy provided that it
can safely rule-out venous thromboembolism in a substantial proportion of them without need-
ing to be referred for imaging examination. Yet, the accuracy of these existing clinical decision
rules to rule-out venous thromboembolism has never been tested in elderly populations. We
discussed in chapter 2 how diagnosing venous thromboembolism in older patients might differ
from diagnosing venous thromboembolism in younger adult patients. The predictive performance

Figure 1 Physicians’ implicit decision-process in diagnostic work up of patients with suspected venous thromboembo-
lism (based on the work of Grobbee and Hoes)*
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Figure 2 The ultimate goal of diagnostic testing is to alter physicians’ decision making in patients’ treat-
ment, and thereby to improve patients’ outcomes. VTE= venous thromboembolism, based on di Ferrante et al'.
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of clinical decision rules is susceptible to changes in patient populations and these rules might
therefore perform worse in older patients in whom the prevalence of both venous thromboem-
bolism and co-morbidity are higher and the presentation of venous thromboembolism might
be more obscure.'®?' In addition, current available diagnostic strategies recommend referral for
further imaging examination for more than half of the patients, whereas diagnostic decision strat-
egies that would spare higher proportions of older patients the possible hazardous referral for
imaging examination might better serve their needs (see chapters 7 and 8). Yet, before existing
clinical decision rules can be extrapolated to an elderly care setting, their accuracy should first
be formally tested in an elderly population and (if needed) be adapted for this particular setting as
was done in chapter 3 for clinical decision rules for deep vein thrombosis and in chapter 4 for
clinical decision rules for pulmonary embolism.'®

The accuracy of clinical decision rules to exclude deep vein thrombosis in older out-of-hospital
patients was assessed in chapter 3. We performed a prospective validation study in frail older
nursing home patients and primary care patients (mean age 81 years) with clinically suspected
deep vein thrombosis. Venous thromboembolism occurred in 47% of the study participants. This
prevalence was much higher than in previous studies in populations of younger adult patients (re-
porting a prevalence between 7% and 20% )*22-2* which resulted in a higher probability of venous
thromboembolism within the patients with a ‘very low risk’: the failure rate in patients who had
a low score on the clinical decision rule and a normal D-dimer test was 6% in our study versus
below 2% in previous studies. In our population of frail older patients, the probability of venous
thromboembolism was 70% in patients who had a ‘likely’ Wells-score and an abnormal D-dimer
test. This approach has the potency to rule-in venous thromboembolism in one in two older
out-of-hospital patients if referral for further diagnostic work-up is considered too burdensome.

In chapter 4, we assessed the validity of the Wells-strategy combined with a point-of-care D-di-
mer test to rule-out pulmonary embolism in older out-of-hospital patients (mean age 76 years).?
The prevalence of pulmonary embolism was 30%, which was also higher than in previous studies
on the same strategy in younger adult patients (prevalence ranging from 9.5% to 23%).%5:26-51
This higher prevalence in our study resulted in a higher prior-probability for pulmonary embolism
which in turn led to a higher proportion of patients with confirmed pulmonary embolism (failure
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rate 6%) despite an ‘unlikely’ score on the Wells-rule (total score <4) and a normal D-dimer test. A
revised Wells-strategy resulted in a lower failure rate (3%) and - based on the high prevalence in
this elderly population for whom further diagnostic workup may bring along considerable burden
- the rule has also the potency to rule-in venous thromboembolism in 18% of patients having a
74% probability of pulmonary embolism, in whom treatment may be directly initiated if referral for
further diagnostic work-up is considered non desirable. This combined rule-out and rule-in ap-
proach would enable clinicians’ decision-making for 42% of patients without the need for further
diagnostic work-up.

What is the diagnostic value of the D-dimer test using either conventional or age-adjust-
ed cut-off values in older patients with suspected venous thromboembolism?

A normal D-dimer test can rule out venous thromboembolism in patients with a non-high clinical
probability according to a clinical decision rule. Since D-dimer levels increase with age, D-dimer
testing is less useful to exclude venous thromboembolism in older patients if the conventional
cut-off value (500 pg/L) above which the test is considered abnormal is applied.'®323% As poten-
tial solution of this problem, researchers proposed to use an age-adjusted cut-off value (age*10
ug/L) in patients >50 years for the D-dimer test.®® Chapter 5 describes a study on the safety and
accuracy of this age-adjusted D-dimer cut-off value in older primary care patients with suspected
deep vein thrombosis. Use of the age-adjusted cut-off value instead of the conventional cut-off
value resulted in a higher proportion of patients in whom deep vein thrombosis could be excluded
(48% with the age-adjusted versus 42% with the conventional cut-off value) whilst the false nega-
tive rate remained low (0.5% versus 0.3% respectively). This increase in diagnostic efficiency was
largest in patients older than 80 years (35% versus 21% respectively).

The accuracy of age-adjusted D-dimer levels was further examined with a systematic review and
bivariate random effects meta-analysis described in chapter 6. We searched the Medline and
Embase databases for studies published before 21 June 2012. We included 13 cohorts that en-
rolled older patients suspected of venous thromboembolism in whom D-dimer testing (using both
conventional and age-adjusted cut-off values) and reference testing were performed. Based on
published data we reconstructed 2x2 tables, stratified by predefined age-categories and applied
D-dimer cut-off value. If complete reconstruction of 2x2 tables using the desired age catego-
ries was not possible based on the data as presented in the papers, we contacted the authors
and requested to reanalyze their data according to the predefined age class categories and to
complete the cross tables for all age categories and for both the conventional and age adjusted
D-dimer cut-off level. We found that the proportion of patients with a non-high clinical probability
in whom D-dimer testing could exclude venous thromboembolism was only 12.4% in those aged
more than 80 years. Yet, D-dimer testing has limited utility in older patients when the conventional
cut-off value is applied. Application of age-adjusted cut-off values increased the specificity with-
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out modifying the sensitivity which remained above 97% in all age categories and would result in
correctly avoided imaging examinations in 30 to 42% of patients over 60 years with a non-high
probability as compared to 12 to 33% when the conventional cut-off value would be applied.

What are physicians’ considerations in their decisions to either refer for or withhold
additional diagnostic investigations in older frail patients with suspected venous throm-
boembolism?

Clinical decision rules for venous thromboembolism combined with D-dimer testing allocate pa-
tients either in a low- or a high-risk category.?2%% Patients who are in the low-risk category and
have a normal D-dimer test-result have a very low probability of venous thromboembolism and
do not require further work-up or treatment whilst those within the high-risk category (includ-
ing patients with an abnormal D-dimer test) require appropriate imaging examination for venous
thromboembolism to confirm or refute the diagnosis.®*¢ These imaging modalities are mostly
not available in primary care and nursing home settings, necessitating patients in the high-risk
category to be referred to a hospital. Prior work has shown that frail older patients are vulnerable
for distress and complications resulting from transitions to hospital-care.!"'>%” Hence, physicians
might feel reluctant to refer frail elderly patients for additional investigations. Contrary to decisions
to withhold treatment, decisions to withhold diagnostic investigations in older frail patients have
hardly been studied.

Chapter 7 sets out the results of a systematic review on physicians’ decisions to withhold diag-
nostic or therapeutic interventions in older patients with (suspected) cardiovascular diseases. A
total of 45 articles on decisions to either withhold treatment (non-treatment decisions) or diagnos-
tic interventions (non-diagnosis decisions) were included and compared with each other. Several
similarities between the two types of decision-making were found: the patient’s condition before
the intervention (including age and comorbidity) and the expected quality of life after the interven-
tion were associated with both types of decisions. However, in articles on non-treatment deci-
sions we found that the proportionality of an intervention (i.e., the risk or burden of an intervention
opposed to that of no intervention) was associated with the decision-making whilst this was not
found in articles on non-diagnosis decisions. On the other hand, physician- and care institution
related characteristics, such the physicians’ age or the employment of physician assistants, were
more frequently associated with non-diagnosis decisions than with non-treatment decisions.
Moreover we found a relation between decision-making and the presence of no-resuscitate di-
rectives in articles on non-diagnosis decisions, but not in articles on non-treatment decisions.

In chapter 8, we further focussed on physicians’ considerations in their decision-making to either

refer for or to withhold additional diagnostic investigations in nursing home patients with suspect-
ed venous thromboembolism. We applied both quantitative and qualitative methods in this study.
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In the quantitative part, patient outcomes were related to the decision to withhold diagnostic
investigations. Referral for additional diagnostic investigations was withheld in four out of ten
nursing home patients for whom imaging examination for suspected venous thromboembolism
was indicated (i.e. high-risk patients based on clinical decision rule or D-dimer test). Patients in
whom diagnostic investigations were withheld had a higher mortality rate than referred patients.
For a better understanding of the elderly care physicians’ decisions, in-depth interviews were per-
formed and analysed using the grounded theory approach. In their decisions to forgo diagnostic
investigations, physicians incorporated the estimated relative impact of the potential disease (that
is the severity of symptoms and the estimated prognosis of the disease in the light of the patients’
chronic condition); the potential benefits of diagnostic investigations and whether performing in-
vestigations agreed with pre-established management goals in advance care planning (e.g. the
patients’ living will).

IMPLICATIONS FOR CLINICAL CARE IN OLDER PATIENTS WITH SUSPECTED VENOUS
THROMBOEMBOLISM AND FOR FUTURE RESEARCH

Below, we discuss the implications of the main findings of this thesis for clinical practice and for
future research.

The value of clinical decision rules in older patients with suspected venous thromboem-
bolism

The clinical decision rules for deep vein thrombosis and pulmonary embolism as validated in the
chapters 3 and 4 are both based on readily available clinical signs, symptoms and the D-dimer
test. Both studies showed that the use of these clinical decision rules in combination with D-dimer
testing in older patients with suspected venous thromboembolism discriminated well and resulted
in a substantial change from the pre- to post-test probability of venous thromboembolism. Yet,
the prior probability (that is the prevalence) of venous thromboembolism in our older study-popu-
lation was much higher than in previous studies in younger adult patients. This has important im-
plications for the clinical value of these strategies when applied in older patients. First, physicians
should be aware that the probability of venous thromboembolism in patients who have a very low
risk according to these strategies (based on a low score on the rule in combination with a normal
D-dimer test) is higher when applied in older patients than in younger patients. Second, for those
patients with a very high probability according to these strategies, the higher pre-test probability
also implies a much higher post-test probability for older patients as compared to younger adult
patients with suspected venous thromboembolism in whom the diagnosis might also be ruled in
based on this strategy (figure 3).
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Before these strategies can be implemented in daily care for elderly patients, we recommend the
medical profession to discuss whether these post-test probabilities in older patients as based on
the clinical decision rules are considered respectively low or high enough (to respectively rule-out
and rule-in of the diagnosis) to guide therapeutic decisions and to withhold further diagnostic
testing.

The clinical value of D-dimer testing in older patients with suspected venous thrombo-
embolism

Quantitative D-dimer testing has limited utility in older patients when the conventional cut-off
value is applied. Using D-dimer levels below the age adjusted cut-off value will result in correctly

Figure 3 Schematic overview of the effect of prior-probability on the changes from pre-to post-test probability in pa-
tients with suspected venous thromboembolism, width of the bars represent proportions of patients in risk-categories.
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Pre-test: represents pre-test probability based on the prevalence of venous thromboembolism of all patients before any
tests (clinical decision rule or D-dimer test) is performed. ‘very low risk’= patients with a low/ unlikely risk according to the
clinical decision rule in combination with a normal D-dimer test result, ‘very high risk’= patients with a likely/high score on
the clinical decision rule in combination with an abnormal D-dimer test result.
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avoided imaging examinations in 30% to 54% of older patients with a non-high probability (see
chapters 5 and 6).

What about the value of the qualitative D-dimer assays as were applied in the studies described in
the chapters 3 and 4? These tests can easily be performed at the patients’ bedside and results
are available in 10 minutes and showed to have added diagnostic value to rule out venous throm-
boembolism as compared to the clinical decision rules alone. However, in the large meta-analysis
described in chapter 6 we examined the accuracy of high-sensitive quantitative (not point-of-
care) D-dimer testing using age-adjusted cut-off values (age*10 pg/L for patients aged over 50
years) for non-high risk patients (including patients with a moderate risk according to clinical deci-
sion rules). In this study, we found that - even in case of a high prevalence of venous thromboem-
bolism - approximately 33% of patients aged over 60 years would have a normal D-dimer test of
whom approximately 2.4% would have venous thromboembolism (failure rate). In contrast, in the
studies in chapter 3 in 4 wherein qualitative point-of-care D-dimer tests were applied, we found
proportions of missed cases that were more than twice as high (5.8% in both studies), even in the
more selected subgroups of ‘low risk’ patients according to the clinical decisions rules. In addi-
tion we found in chapter 4 that in four of the five cases with pulmonary embolism in the low-risk
category (based on a normal qualitative point-of-care D-dimer test and a total Wells-score <4), the
D-dimer test result would have been classified abnormal according to a (non point-of-care) quan-
titative D-dimer test (with either age-adjusted or conventional cut-off values). Yet, though we were
not able to make a head-to-head comparison of the different D-dimer assays within any of our
studies and the differences might be partly explained by differences in case mix between studies,
these findings may suggest a somewhat better ability to discriminate older patients who have a
truly low risk when high-sensitive quantitative D-dimer assays with age-adjusted cut-off values
are used than with qualitative point-of-care tests.® Though we cannot make firm recommenda-
tions and further research on this topic is needed, we suggest the use of quantitative D-dimer
assays in combination with age-adjusted cut-off values to exclude venous thromboembolism in
older patients. Physicians who prefer to apply a qualitative point-of-care test should be aware of
the slightly higher probability to miss the diagnosis in patients with a normal test result.

Implications for research

The findings in the studies in this thesis highlighted in various ways that frail older patients with
suspected venous thromboembolism represent a distinct population and that further research in
this population is needed. First, the chapters 3 and 4 demonstrated how a higher pre-test prob-
ability of venous thromboembolism affected the failure rates and thereby the generalizability of
existing clinical decision rules (in combination with D-dimer testing) to this population, whilst their
discriminatory power was maintained. This underlines that we cannot assume that prediction
models can simply be generalized from patients of younger ages to frail older patients, and the
need for validation studies of any prediction model in this setting.'® Second, the chapters 5 and 6
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underlined the need to validate and adapt the way of application of a commonly used biomarker,
the D-dimer test, in this population. These studies illustrated the need to further validate - and
probably to adapt - the use of biomarkers in this population. Third, the implicit thresholds in the
physicians’ estimated probability of venous thromboembolism below or above which treatment
decisions are made (and thus further diagnostic work-up is withheld) may vary in older patients.
This was highlighted in the chapters 7 and 8 on non-diagnosis-decisions. These non-diagnosis
decisions result in lower patient-burden proceeding from diagnostic testing, but are at the ex-
pense of more uncertainty in the appropriateness of the treatment decision (figure 4). Given the
complexity of the decisions and as it is unclear how they may indirectly affect patients’ outcomes
(figure 2), more research on decisions concerning withholding diagnostic investigations in older
patients is needed.

Figure 4 Non-diagnosis decisions- Physicians trade off in diagnostic certainty to avoid burdensome diagnostic tests in
elderly patients
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BEYOND DIAGNOSTIC ACCURACY; A CONCEPT FOR TARGETS IN FUTURE RESEARCH IN
OLDER PATIENTS

The ultimate goal of diagnostic testing is to improve patients’ outcomes via modification of physi-
cians’ treatment decisions (figure 2)."%%-%2 Many studies on diagnostic strategies in venous throm-
boembolism —including the studies presented in this thesis- have considered accurate and timely
diagnosing venous thromboembolism at utmost importance to prevent potential fatal thrombo-
embolic complications or unnecessary exposure to the risks of anticoagulant therapy.?6:20:3343
Researchers and physicians have approached venous thromboembolism as a binary entity which
is (1) either present or absent and roughly assume that (2) all patients with present venous throm-
boembolism will benefit from anticoagulant treatment.** Recently, this approach was challenged
by researchers arguing that categorizing patients as either venous thromboembolism present
or not, depends on arbitrary categories and on the extent to which test results truly reflect the
presence of venous thromboembolism.'® The sharp rise in the incidence rates of venous thrombo-
embolism without concordant decrease in absolute mortality rates since the introduction of very
sensitive diagnostic tests - notably CT-pulmonary angiography - that are able to detect smaller
thrombi, point towards a broadening of the category ‘venous thromboembolism present’.*5-4
Rather, venous thromboembolism may be seen a continuous entity with its heterogeneous clin-
ical manifestations representing a range of severities: from small and distal cloths such as su-
perficial vein thrombosis or subsegmental pulmonary embolism of which the prognostic value is
still controversial,*®-%° to massive proximal thrombi like phlegmasia dolens or saddle pulmonary
embolism. -4

Next to variation in disease severity, patients’ bleeding risks varies widely with age, co-morbidity
and co-medication.5%3 For example, imagine patient A with a large proximal pulmonary embolism
and without co-morbidity. This patient will probably experience more benefits than harms from
treatment as these benefits are likely outweighed by its harms.® Yet, in patient B, who has had
previous gastrointestinal bleeding and isolated subsegmental pulmonary embolism, treatment ef-
fects may be smaller than the possible harms that might be induced by anticoagulant treatment.*°
These two patients, both classified as ‘venous thromboembolism present’, are thus likely to ex-
perience different consequences of the same anticoagulant treatment. As a result, the danger of
misdiagnosing and of a subsequent wrong treatment decision (withholding treatment when pul-
monary embolism is present) is probably more serious for patient A as compared to patient B.%

Unintended effects of diagnostic tests on patients outcomes

If patient B also suffers from renal impairment or cognitive impairment, contrast enhanced
CT-scanning might even pose this patient to risk of more than 15% on contrast induced nephrop-
athy or to the risk of acute delirium as result of hospitalization.' Yet, performance of diagnostic
test might also result in unintended negative effects on patients’ outcomes, notably in frail older
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patients. This negative effect might result from inconvenience, psychological distress or burden
for the patient to undergo the test or due to complications, such as nephropathy induced by
contrast enhanced computed tomography.'* Moreover, there is a risk of misclassification for each
test and a risk for unexpected findings, which may occur in more than 55% of older patients un-
dergoing CT scanning of the chest.5%%¢ This may un turn induce a cascade of subsequent further
diagnostic and therapeutic actions and thereby induce even more patient-burden. Unnecessary
additional diagnostic testing will therefore not result in neutral effects on patients’ quality of life.

The intended effects of diagnostic tests on patients outcomes

As discussed above, diagnostic tests or strategies for venous thromboembolism can only indi-
rectly benefit patients if it leads to changes in treatment decisions (figure 2)."%%-*2 In other words,
the value of a diagnostic test for a patients’ outcome depends on the influence of the test on the
physicians’ decision to either initiate or withhold treatment and the subsequent direction (either
more benefit than harm, or more harm than benefit) and magnitude of treatment-effect. This add-
ed value of a diagnostic test, that is the tests’ potency to change the physician’s decision, is con-
ditional on information that is already available such as information obtained from patient charac-
teristics, physical examination and previous tests predicting the patient’s outcome.5#*" Yet, both
the severity of disease and potential treatment benefits and harms may differ amongst patients
classified as ‘venous thromboembolism present’. Therefore, these patients do not represent a
homogeneous group in whom benefits of anticoagulation are equally likely to outweigh the harms
and thus, the diagnostic test is not at the same value for all these patients.** It might therefore
be of more relevance to target patients’ outcomes (that is, the patients’ prognosis) instead of the
potency of a diagnostic strategy or test to diagnose venous thromboembolism (i.e. diagnostic
accuracy) in future studies on clinical decision making.! We propose therefore, in line with pre-
vious authors, that clinical decision making in patients suspected of venous thromboembolism
should not be approached in terms of pursuing a dichotomous diagnosis (presence of absence of
venous thromboembolism), but rather by considering venous thromboembolism as a continuous
predictor of the patients’ prognosis (for example of quality of life) which is conditional of the dis-
ease severity and patient characteristics like comorbidity.*“4% For example, for patient C with se-
vere cardiac failure, even a subsegmental pulmonary embolism might perhaps be life-threatening
whilst patient D, a sportsman with a comparable tiny isolated subsegmental pulmonary embolus
is likely to have a favorable outcome.*® This predicted patients’ outcome can also interfere with
treatment decisions which can either favor this prognosis or induce further harm to the patient.
Hence, targeting the potency of a diagnostic test to guide the right treatment decision based on
the resulting predicted prognosis of a particular patient might be of more relevance than solely
focusing on the diagnostic accuracy of the diagnostic test. To estimate this potency of a diagnos-
tic test to guide the right treatment decision, two (composite) parameters have to be integrated:
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1. The tests’ accuracy to detect presence and severity of disease; in other words, the mag-
nitude to which the test is able to change the estimation of the continuous prediction for
the patients’ outcome conditional on the severity of venous thromboembolism and on
readily available predictors for the patients’ outcome, such as clinical signs, symptoms
and comorbidity.

2. Potential treatment harms and benefits conditional on patients’ characteristics that in-
teract with these potential treatment benefits or harms. The input for this parameter
can be based on (a combination of) existing prediction models for treatment benefit (for
example the Vienna or DASH prediction model)®*® and treatment harm (for example the
Bleeding Risk Index or RIETE bleeding risk-score).t°

How will this work in future research?

The estimation of the potency of a diagnostic test to increase the probability for the right treatment
decision results from the above mentioned two parameters. When we assume that patients with
the most severe disease are —conditionally on their other characteristics such as co-morbidity-
most likely to benefit from treatment, those two parameters are mutually dependent.®'¢2 The both
parameters can be plotted in a model with two axes; 1) available test-information - that is informa-
tion on the probability of disease presence and its severity based on available diagnostic informa-
tion - is plugged into the model to estimate the value on the x-axes; and 2) patients characteristics
that predict potential treatment benefits or harms enter the model via the y-axes. Furthermore, the
potential detrimental effect of testing (e.g. the risk for contrast induced nephropathy) and informa-
tion about the range of probabilities and severities in which a next test can discriminate in disease
presence and severity should be incorporated in such a model.*®

In line with previous studies, suggest that the current design of diagnostic studies should be
replaced for a design which resembles the design of a prognostic study.®%#'44 The patients’ out-
come, for example in quality adjusted life years, should be the outcome of such a study, instead of
diagnostic accuracy measures as sensitivity or specificity. Together with patients characteristics,
diagnostic tests and treatments should be the (continuous rather than dichotomous) determinants
in this study design. Moreover, the time-axes of such a study should be longitudinal instead of
cross-sectional.* Such a model can be composed based on available literature on venous throm-
boembolism; estimations of treatment effect, information on test-characteristics, clinical decision
models, estimations of treatment effect and prediction models for harm from treatment. Figure 5
depicts a hypothetical draft of such a model for venous thromboembolism, with potential input for
the parameters on both axes.

The output of such a model is twofold: 1) an estimation of the likelihood that treatment benefits
outweighs the risk, plus an estimation of the uncertainty in this decision (that is the inverse of the
probability of the right treatment decision) as based on readily available information, and 2) the
likelihood that the estimated treatment effect would be different if the next test is performed and
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Figure 5 Hypothetical management model for patients with suspected venous thromboembolism with potential
parameter input. The output can be read from the vertical axes on the right hand side; the width in the estimated
probability box reflects the uncertainty in the probability that the treatment choice is best for this patient
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SUMMARY AND GENERAL DISCUSSION

more diagnostic information would be added to the model, in combination with an estimation
of the detrimental effect of further testing on the patients’ quality of life. For example, if patient
B, who had renal impairment and previous gastrointestinal bleeding, was suspected of having
pulmonary embolism and would have a combination of a unlikely Wells’ score (<4) and abnormal
D-dimer tests, his probability of pulmonary embolism would be estimated at approximately 12%.2°
The harms of the performance of a contrast enhanced CT-pulmonary angiography to diagnose
pulmonary embolism and eventual subsequent treatment for this patient (given his risk for both
contrast-induced nephropathy and bleeding) probably outweigh the potential harms of a missed
diagnosis for this patient. Thus, the estimated likelihood that treatment benefits outweighs the risk
for this patient (1) might be negative, and the likelihood that the estimated treatment effect would
be different if the next test (CT pulmonary angiography) is performed (2) is thus small.

How can this become useful in clinical practice? A global concept.

If it is possible to derive such a multidimensional model which can reliably estimate an individual
patient’s outcome, such a model can to be translated to clinical practice. One can think of an ap-
plication on a mobile device, or - even better - in electronically patient charts in which all available
relevant patient data (like medical history, comorbidity, co-medication, life expectancy and test
results) automatically enters the model. The model can support clinicians’ decision making by
providing an estimation of the patients’ outcome given different management strategies (either to
start or withhold treatment, and - if applicable - directions for the dose and duration of treatment),
plus the estimated probability that further testing will alter this decision.

Based on this information, physicians can either make a treatment decision (start or withhold
treatment) or decide to perform additional diagnostic tests to increase the probability of the right
treatment decision. If further tests are performed, the information in the model can be updated
with the test information. Ultimately, the treatment decision and outcomes for individual patients
are registered and incorporated in the prior of the next patient’s estimation.

Ethical considerations

To determine the threshold to stop further testing, the physician can incorporate the patient’s
preferences and the burden, risk and costs for further testing (chapter 8 of this thesis). Though
the physician’s estimation of the patient’s prognosis and treatment effects can be guided by the
model, the physician’s final management decision will thus be multifactorial and depends on
many other contextual factors and ethical considerations.

This decision is a trade-off between certainty in management decisions and patient burden in-
duced by further testing. Though additional imagining examinations might prevent the sequelae
of a wrong treatment decisions in some patients with suspected venous thromboembolism, it
also exposes many patients to the potential unintended harms of additional diagnostic work-up.*®

173



CHAPTER 9

Physicians should be aware that diagnostic testing rarely leads to complete certainty of the dis-

ease status of a patient.>
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