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Chapter 2

ABSTRACT

Introduction: Pulmonary embolism (PE) is a potentially life-threatening disease, mak-
ing an accurate and prompt diagnosis thus very important. However, the normally used
diagnostic algorithms may not be as efficient and safe in special patient populations.
The diagnostic management of suspected PE in these patients is particularly challeng-

ing.

Areas covered: Current diagnostic strategies in patients with malignancy, elderly
patients and patients with renal insufficiency are discussed in this review. A special
focus is on reviewing the literature supporting the use of adjusted D-dimer cutoffs in
these patient categories and the current guideline statements. Information is obtained
through an extensive literature search of the following databases: PubMed, Embase,
Web of Science, COCHRANE Library and Emcare (searched September 2019).

Expert opinion: A diagnostic strategy starting with clinical decision rules (CDRs) and
D-dimer testing is clinically useful, also in these three patient categories, since it reduces
the need for computed tomography pulmonary angiography (CTPA). The use of adjusted
D-dimer cutoffs is preferred over a fixed cutoff as it safely improves the yield of the
CDR/D-dimer combination.
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1. INTRODUCTION

Pulmonary embolism (PE), together with deep vein thrombosis (DVT) referred to as ve-
nous thromboembolism (VTE), is a potentially life-threatening disease and an accurate
and prompt diagnosis is thus very important. However, signs and symptoms of patients
with PE are nonspecific and show a wide variety, ranging from shortness of breath to
hemodynamic instability.! Especially in patients with comorbidity, symptoms of other
conditions may mimic the symptoms of PE.> Consequently, objective imaging tests are
required to confirm the diagnosis, of which computed tomography pulmonary angiog-
raphy (CTPA) is the current standard.’ Still, imaging tests are expensive, time-consuming
and may cause harm to the patient. CTPA is associated with radiation exposure and con-
trast material induced complications, but also overdiagnosis is an increasing challenge
due to more sensitive scanning techniques, leading to diagnosing smaller (isolated)
subsegmental emboli. Therefore, various diagnostic algorithms have been developed,
with the aim of simplifying the diagnostic management of patients with suspected PE,
and to reduce the number of required CTPA. The algorithms are based on CDRs, followed
by D-dimer testing and, in case of high pretest probability and/or abnormal D-dimer,
imaging.’

These algorithms have proven to be safe and efficient in the general population, where
PE in approximately one third of patients can be ruled out based on CDR and D-dimer
testing alone, with a low 3-month incidence of symptomatic venous thromboembolism
(failure rate).*** Unfortunately however, D-dimer testing has a low specificity and is often
abnormalin the absence of thrombosis. Moreover, CDRs may not be as efficient and safe
in some patients, patients in whom imaging tests are relatively contraindicated or yield
more nondiagnostic test results. This is especially the case in patients with malignancy,
elderly patients and patients with renal insufficiency, three patients categories that hap-
pen to be associated with a higher risk for VTE."* A clinical diagnosis of acute PE is thus
frequently considered in these patients, while also being particularly challenging.

Several advances have been made to improve the performance of the diagnostic algo-
rithms, including age-adjusted D-dimer cutoffs and D-dimer cutoffs adapted to clinical
probability (Figure 1 and Table 1).°® However, results of posthoc analyses of studies
on adjusted D-dimer cutoffs in different subgroups are often inconclusive or conflicting,
and they have only been externally validated to a limited extent. The optimal diagnostic
approach in these three patient groups is therefore unknown.

In this review, we will focus on the challenge of diagnosing PE in patients with cancer,
elderly patients and patients with renal insufficiency. We searched the following data-
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bases: PubMed, Embase, Web of Science, COCHRANE Library and Emcare from inception
to September 2019. The search strategy involved the general keywords Pulmonary Em-
bolism and Diagnosis and the following specific keywords per special patient popula-
tion: Neoplasms, Cancer, Malignancy, Renal Insufficiency, Renal failure, Kidney disease,
Aged or Elderly. The searches were limited to studies in the English language and case
reports were excluded. The aim of this review is to discuss the most important and recent
studies on the diagnostic management of PE in these special patient categories and to
provide clinicians with practical diagnostic management guidance using evidence from
the literature. In addition, future perspectives will be discussed as well.

A Pretest probability b [YEARS diagnostic algorithm for suspected PE)
Wells or Geneva score i

Order D-dimer test and score presence of the three YEARS items
(Unlikely/non-high) ( Likely/high ) * Clinicalsigns of DVT

* Haemoptysis
D-dimer test
(age adjusted)

* PE the most likely diagnosis
¥ ¥ ¥ ]
PE Order RE Order
(ctea ) excluded CTPA excluded CTPA

Figure 1. Validated diagnostic algorithms for suspected acute PE.

A: Conventional algorithm applying the age-adjusted D-dimer cut-off (see also Table 1.). B: YEARS algorithm with a D-dimer
cut-off adapted to clinical probability. PE, pulmonary embolism; CTPA, computed tomography pulmonary angiography;
DVT, deep vein thrombosis. Figure printed with permission from Nature Reviews (Huisman et al, 2018).

v 1 ¥ Y
0 YEARS items 0 YEARS items =1 YEARS items =1 YEARS items
and D-dimer and D-dimer and D-dimer and D-dimer
<1,000ngml* >1,000ngml? <500ngml™! >500ngml*

2. SUSPECTED PE IN CANCER PATIENTS

Cancer patients frequently visit the emergency department with signs and symptoms
suggestive of acute PE. It is known that cancer patients have a four- to seven-fold
increased risk for VTE compared with patients without cancer. This is due to the pro-
coagulant effects of cancer and cancer therapies as well as other risk factors such as
immobility, frequent invasive procedures and the use of central venous catheters.>*
Current guidelines are very clear about the diagnostic approach in non-cancer patients
with suspected PE, where validated clinical decision rules and D-dimer testing are rec-
ommended to assess clinical probability and to reduce the need for unnecessary and
potentially harmful imaging tests. However unfortunately, no further guidance is given
for the diagnostic approach in cancer patients with suspected PE."*
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Table 1. The Wells rule and the Revised Geneva Score

Wells rule Revised Geneva score
Variable Points Variable Points
Clinical signs of DVT 3 Age >65 years 1
Alternative diagnosis less likely than PE 3 Previous DVT or PE 3
Heart rate >100 beats/min 1,5 Surgery or fracture within 1 month 2
Immobilization or surgery in previous 4 weeks 1,5 Active malignancy 2
Previous DVT or PE 1,5 Unilateral lower-limb pain 3
Hemoptysis 1 Hemoptysis 2
Malignancy 1 Heart rate 75-94 beats/min 3
Heart rate >94 beats/min 5
Pain on lower-limb deep venous 4
palpation and unilateral edema
Clinical probability (3 levels) Total Clinical probability (3 levels) Total
Low <2 Low 0-3
Intermediate 2-6 Intermediate 4-10
High >6 High >10
Clinical probability (2 levels) Clinical probability (2 levels)
PE unlikely 0-4 PE unlikely 0-3
PE likely >4 PE likely >3

DVT, deep vein thrombosis; PE, pulmonary embolism

Consequently, the cancer patient still represents a clinical challenge. The presence
of cancer alone increases the pretest probability if using the commonly used Wells or
Geneva CDRs.™" In addition, D-dimer values are often abnormal in cancer patients.”
This was illustrated in a large management study in 12 hospitals in the Netherlands:
474 cancer patients (of the 3.306 in total) were all managed with a diagnostic strategy
of CDR, D-dimer testing and CTPA. A total of 51% of the cancer patients had an unlikely
pretest probability but only 12% had a normal D-dimer test (using the fixed cutoff of
<500 pg/L). This resulted in 49 patients (10%) in whom PE could be ruled out based on
CDR and D-dimer testing alone. Despite this low efficiency, the approach was safe as
only 1 patient developed VTE during 3 month followup, but confidence intervals were
wide owing to the small number of patients (failure rate 2.0% 95% C1 0.05-10.9)." Similar
findings were observed in a post-hoc analysis of 114 cancer patients, in which 9.4% of
patients had a normal D-dimer test (using the fixed D-dimer cutoff).”” These findings are
in great contrast to the efficacy and safety in the noncancer population, where approxi-
mately one third of patients can be ruled out based on CDR and D-dimer testing alone,
at a low failure rate.”'® Hence, the clinical utility of the traditional diagnostic approach
appears doubtful in cancer patients. Oncologists often perceive that D-dimer values are
‘always’ abnormal in their patients and thus CTPA scanning as a sole test is frequently
the standard approach to establish or rule out PE in cancer patients.
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More recently, studies tried to adjust the D-dimer cutoff, based on the patient’s age orin
combination with clinical probability (YEARS and PEGeD). These methods, as is stated
in the ESC guidelines, should be considered as an alternative to the fixed cutoff level,
although the optimal method to adjust the cutoff still remains to be determined.' In
a recent post hoc analysis of the ADJUST-PE study®, the age-adjusted D-dimer cutoff in
patients with and without cancer was assessed. The age-adjusted cutoff level of D-dimer
has been validated in the general population and is calculated as age * 10 pg/L for pa-
tients above 50 years of age. Of the 3.324 patients in this study in total, 429 patients had
cancer. 9.9% of the cancer patients had a D-dimer <500 pg/L as compared with 19.7% of
the cancer patients when using the age-adjusted cutoff for D-dimer. Together with the
pretest probability this doubled the proportion of cancer patients in whom PE could be
excluded without further CTPA imaging from 6.3% to 12.6%. This approach appeared to
be safe as no VTE events occurred during the three month follow-up (failure rate 0% 95%
C10.0-6.9).” Furthermore, there is evidence from a post hoc analysis of the Christopher
Study™® that raising the cutoff of D-dimer to 700 ug/L may help to increase the propor-
tion of cancer patients in whom PE could be ruled out without imaging. The number of
patients in whom PE could be ruled out increased from 8% to 13%, if using the Wells
CDR and a D-dimer cutoff of 700 ug/L. Applying the age-adjusted cutoff in this group of
patients yielded comparable results as 13% of patients could be ruled out based on CDR
and D-dimer alone.”

Recently a new CDR (YEARS) has been published.® All patients in this large (3.465
patients) prospective study were managed by simultaneous assessment of the YEARS
CDR (consisting of three items) and D-dimer testing, of which the D-dimer cutoff was
dependent on whether YEARS items were present or not (explained in Figure 1(b)).
This study showed that CTPA could be safely avoided in an additional 13% of patients
compared with the Wells CDR and fixed D-dimer cutoff. This reduction in CTPA was still
substantial when compared with the age-adjusted D-dimer cutoff, namely 7.6%. This
reduction could be achieved at an only 0.78% (95% Cl 0.49-1.2) failure rate (worst case
scenario) with regard to the 3-month incidence of recurrent VTE. However, this approach
showed a higher failure rate (2.6%, 95% Cl 1.3-5.2) in the relatively small subgroup of
cancer patients. Yet, it should be noted that the absolute number of failures was low
in the cancer subgroup (7 developed an event of the 279 patients with PE excluded at
baseline) and most patients had either other strong risk factors for VTE (mostly surgery;
after baseline and prior to developing VTE) or PE could not be excluded as cause of
death (patients died at home and adjudication committee could not rule out PE).® The
same failure rate was observed in a recent meta-analysis, focussing on the Wells rule
with the fixed D-dimer cutoff of <500 pg/L (2.6%, 95% Cl 0.57-11.0).* Another study that
evaluated a diagnostic strategy of ruling out PE based on the Wells rule and a D-dimer,
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of which the cutoff was adapted to clinical probability, was published more recently. In
patients with a low clinical probability and a D-dimer below 1000 ng/mL or in patients
with a moderate clinical probability and a D-dimer below 500 ng/mL, PE was ruled out
without imaging. This PEGeD study was consistent with previous results regarding ef-
ficiency and safety of D-dimer cutoffs adapted to clinical probability, since the number
of required CTPA’s could be reduced with 17.6% (compared with the fixed D-dimer cutoff
of 500 ng/mL), in the presence of a low failure rate (0% 95% CI 0.0-0.29). This study did
not perform a subgroup analysis in cancer patients.”

A prospective diagnostic management study in cancer patients, called the Hydra study,
is currently under way (Netherlands Trial Register NL7752). In this randomized study,
the safety and efficiency of the YEARS algorithm will be compared with the safety and ef-
ficiency of CTPA alone. The results of this study are expected by the end of 2022 and will
contribute to guidance on the optimal diagnostic approach in daily practice. Meanwhile,
current guidelines do not provide clear recommendations on the diagnostic approach
in cancer patients with suspected PE."**? Nevertheless, studies in cancer patients have
shown that a reduction in CTPA for up to 13% can be achieved when using CDRs and
adjusted D-dimer cutoffs.”* This approach has been demonstrated to be safe in cancer
patients very recently in a retrospective study in 380 cancer patients. This study evalu-
ated the performance of the ACP (American College of Physicians) guideline, which rec-
ommends the use of validated CDRs in conjunction with D-dimer testing or Pulmonary
Embolism Rule-out Criteria (PERC), in cancer patients. 78 patients (21%) in this study
underwent unnecessary CTPA not indicated by the combination of CDR and D-dimer, of
whom only 1 was diagnosed with PE (failure rate 1.3% 95% Cl 0.2-6.9). Important limita-
tion of this study however was that only patients who underwent CTPA were included.”

In conclusion, we suggest to use these adjusted D-dimer cutoff methods (age-adjusted
or adjusted to clinical probability) in cancer patients with suspected PE, as they increase
the diagnostic utility of the CDR/D-dimer combination and reduce the need for CTPA.
This will result in less contrast material induced complications, a reduction of poten-
tially irrelevant sub-segmental emboli detection, as well as lower health care costs.”

3. SUSPECTED PE IN ELDERLY PATIENTS

The incidence of VTE increases exponentially with age, particularly after age 60. Conse-
quently, the majority of VTE events occur in older adults, as does the risk of potentially
fatal major bleeding events.”®? In addition, short-term mortality of acute PE is also
greater in the elderly than in younger patients.”® An accurate and prompt diagnosis in
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older patients is thus of importance, but at the same time challenging for multiple rea-
sons as well. First of all, aging is associated with an increasing prevalence of cardiac and
pulmonary comorbidities, of which the symptoms can mimic the nonspecific symptoms
of PE.> Moreover, the clinical presentation of older patients with confirmed PE differs
considerably from the one of younger patients. For instance, syncope was shown to be
present more often in small retrospective studies in the elderly whereas pleuritic chest
pain, considered often as one of the hallmark symptoms of PE diagnosis, was less preva-
lent.””*® This may render the initial assessment of patients, including answering the
common item in CDRs of ‘PE most likely diagnosis’ and establishing the pretest prob-
ability, complex. In addition, D-dimer levels increase physiologically with age and thus
D-dimer testing is known to have a low specificity in the elderly.”** In a study with 1.029
patients on the performance of common diagnostic tests in different age groups, results
showed a clear age dependent diminishing specificity of the D-dimer. The specificity
was as low as 10% in patients above 80 years old, resulting in the exclusion of PE in
only 5% of the patients above 80 years old (with the fixed D-dimer cutoff of 500 pg/L).”
Hence, after D-dimer testing the majority of patients must be referred for imaging tests.
Not only will the number of patients with actually confirmed PE on imaging be small,
the number of suboptimal and nondiagnostic imaging tests also increases with age.”
Furthermore, transitions for hospital care are especially stressful in the very elderly™,
which makes the physician reluctant to refer older patients for suspicion of PE.

Since assessing clinical probability in elderly patients is difficult, it is interesting to know
which CDR performs best. A previous systematic review tried to evaluate different CDRs
in elderly patients (and perform a diagnostic meta-analysis), but unfortunately pooling
of data was not possible as a result of the limited number of studies and heterogeneity
among studies.* Small single-center (mostly retrospective) studies have compared the
diagnostic performance of the Wells with the revised Geneva CDR in elderly patients.
These studies were consistent in demonstrating superiority of Wells for assessing clini-
cal probability in elderly patients. This finding could, at least partially, be related to the
absence of an item ‘immobilization for reasons other than surgery or fracture’ in the

Geneva rule (see also Table 1).%7%

In an attempt to improve the performance of D-dimer in elderly patients, the age-
adjusted D-dimer cutoff was introduced. The age-adjusted cutoff level of D-dimer is
calculated as age * 10 pg/L in patients 50 years or older. This strategy has been pro-
spectively validated in a large (3.346 patients) diagnostic management outcome study.®
Patients with unlikely clinical probability and D-dimer below age-adjusted cutoff did not
undergo further testing and were left untreated: 766 patients in this study were 75 years
or older. Applying the age-adjusted D-dimer cutoff in these patients instead of the fixed

24



Diagnostic management of acute pulmonary embolism in special populations

D-dimer cutoff increased the number of patients in whom PE could be excluded based
on CDR and D-dimer alone from 6.4% (43/673) to 29.7% (200/673). The diagnostic failure
rate of the age-adjusted D-dimer cutoff was 0/195 (0.0% 95% Cl 0.0%-1.9%) in patients
75 years or older and 1/331 (0.3% 95% CI 0.1%-1.7%) in all patients managed based on
the age-adjusted cutoff.® A large meta-analysis including over 12.000 patients with an
unlikely clinical probability supported the use of the age-adjusted D-dimer cutoff and
showed increased specificity without significantly reduced sensitivity when compared
with the fixed D-dimer cutoff.*

In the meantime another adjusted D-dimer cutoff method was derived and validated in
a large (3.465 patients) prospective diagnostic management outcome study. This study
used the YEARS clinical decision rule and was already discussed in the first part of this
review. Importantly, an adjusted D-dimer cutoff of 1000 ug/L was applied in patients in
whom none of the YEARS items were present, whereas a D-dimer cutoff of 500 pg/L was
used when one or more items were present. Patients below this D-dimer cutoff were left
untreated. Overall results of this study showed an additional 7.6% of patients in whom
CTPA could be safely avoided compared with the Wells CDR and age-adjusted D-dimer
cutoff. The 3-month failure rate, according to the worst case scenario 0.78% (95% Cl
0.49%-1.2%), of this approach was low. Since the D-dimer cutoff of this approach is very
high (1000 pg/L in the case of no YEARS items) and would only be reached in a 100 year
old patient when using the age-adjusted D-dimer cutoff approach, this is very relevant
in the elderly population. Unfortunately no subgroup analysis was performed in the
very elderly in this study (aged >75 or >80 years old).® A previous retrospective study
did studied the age-adjusted D-dimer cutoff and the fixed higher D-dimer cutoff of 1000
pg/L in patients aged 80 years or older. Both methods increased the specificity of the D-
dimerin the elderly, but owing to the small number of patients a good comparison could
not been made.” Nevertheless, it was shown by a recent post hoc analysis of the YEARS
study that there was no added value of implementing ADJUST in the YEARS algorithm,
likely because of the already high D-dimer cutoff in the YEARS algorithm.*

Meanwhile current guidelines advice physicians to consider using the adapted D-dimer
cutoffs as an alternative to the fixed cutoff, in patients with an unlikely clinical prob-
ability.">"> The recent ASH guideline states that ‘the use of an age-adjusted D-dimer
cutoff in outpatients older than 50 years is as safe as the standard cutoff and increases
the diagnostic utility of the test’'> However, guidelines provide no further specific rec-
ommendations on the diagnostic management of elderly patients (>75 years), and the

h 11,12

ADJUST approach has never been directly compared with the YEARS approac
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In summary, awareness of the differences in the clinical presentation of elderly patients
with suspected PE and the limitations of diagnostic tests in that setting are important
in clinical daily care. Nevertheless, is it worthwhile limiting the use of imaging tests,
especially in elderly patients who are more prone to develop contrast material induced
complications and for whom transfers to the hospital are very burdensome.*® An accu-
rate diagnostic strategy that safely over excludes PE in a timely manner while reduces
the need for CTPA is necessary. In line with current guidelines, we suggest the use of ad-
justed D-dimer cutoff methods such as that used in the ADJUST-PE study® and the YEARS
study®in order to improve the yield of noninvasive diagnostic tests in elderly patients.

4. SUSPECTED PE IN PATIENTS WITH RENAL INSUFFICIENCY

Thrombosis is common in patients with renal insufficiency and comprises not only
DVT and PE, but also hemodialysis vascular-access-related thrombosis and arterial
thrombosis. The exact mechanism for this increased risk, whether this is by activation of
procoagulants, decreased anticoagulants or decreased fibrinolytic activity, likely differs
depending on the cause of renal insufficiency.*** Not only does the presence of renal
disease limits the use of anticoagulants and/or makes dose reduction necessary, it also
increases the risks associated with CTPA and the administration of intravenous contrast.
This makes diagnosing these patients challenging.

Problems are encountered when relying on the common diagnostic sequential use
of clinical assessment, D-dimer testing and CTPA in patients with renal disease and
suspected PE. The specificity of the D-dimer in patients with renal insufficiency is low
and decreases further with declining renal function. The yield of the D-dimer approach
in these patients is thus limited.” Consequently, patients with renal insufficiency are
overexposed to the risks of CTPA.

Most studies that reported on the diagnostic performance of D-dimer testing in patients
with impaired renal function were retrospective and used the fixed D-dimer cutoff of 500
pg/L. In a post hoc analysis on 351 patients assessing the proportion of normal D-dimer
level, 30% of the patients had a normal renal function (eGFR >89 mL/min), 59% a mild
impaired renal function (eGFR 60-89 mL/min) and 11% a moderate impaired renal func-
tion (eGFR 30-59 mL/min). Patients with an eGFR <30 mL/min were excluded from the
primary study and were thus not examined. Normal D-dimer levels were found in 58%
of the patients with a normal renal function, 54% of patients with a mild impaired renal
function and in 28% of patients with a moderate impaired renal function.*
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Another study included 1.305 patients, of whom 82% had an eGFR exceeding 60 mL/
min (mild impaired to normal renal function), 16% an eGFR of 30-60 mL/min (moderate
impaired renal function) and 2% an eGFR of <30 mL/min (severe renal function). Results
showed that only 6% of the patients with a moderate impaired renal function had a
normal D-dimer and none of the patients with a severe renal function.”

An even larger retrospective study included 1.625 patients (with a low or intermediate
clinical probability). Again patients with an eGFR of <30 ml/min were not included.
Results were presented applying the fixed D-dimer cutoff as well as the age-adjusted
D-dimer cutoff. In patients with a normal renal function, D-dimer was negative in 46%
and 52% respectively. For patients with a mild impaired renal function this was 31% and
41% respectively and in patients with a moderate impaired renal function 11% and 23%
respectively.* The sensitivity of D-dimer testing in patients with impaired renal function

was excellent in all three studies.*™

Current guidelines do not provide a statement on the diagnostic value of D-dimer testing
in patients with renal insufficiency.'"** However, the above discussed studies indicate
that although the performance of D-dimer decreases with impaired renal function,
D-dimer testing is still useful since PE can be ruled out in a substantial proportion of
patients, reducing the need for imaging tests.

Guidelines consider CTPA as the method of choice forimaging in patients with suspected
PE, except for patients with severe renal impairment, in whom CTPA is contraindicated
due to the risks of iodinated contrast.""* Contrastinduced nephropathy (CIN), defined
as a decrease in renal clearance following injection of radiographic iodinated contrast
media, is a well-known complication of CTPA. Reported incidences of CIN vary widely,
depending on patient population and different definitions of CIN and acute kidney
injury (AKI).* A prospective study on 174 patients undergoing CTPA for suspicion of PE
reported a CIN incidence, defined as an increase of serum creatinine of 20.5 mg/dL or
>25% within 2 to 7 days of contrast administration, of 14% (25 patients). The rate of
CIN complicated by severe renal failure or death after CTPA was 1.7% (3/174).*" Yet a
retrospective study on 237 patients reported a CIN incidence, defined as an increase in
serum creatinine levels over 25% or over 44 umol/L during the first 5 days after CTPA, of
8.9% (21 patients). Only one patient in this study still suffered impaired renal function
after 1 month (0.4%)."® Patients with a severe renal function were probably not included
in these studies. Still interestingly, impaired renal function (eGFR <60 mL/min or <45
mL/min) was not identified as a risk factor for CIN in both studies, although absolute
numbers were low.”*® A very recent article proposed the idea of CIN rather being a
marker for adverse outcomes, instead of being the mediator. Data confirming a causal
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relationship of CIN with adverse outcomes is lacking.” Nevertheless, preventive care
should be implemented if patients at elevated risk for CIN undergo CTPA. Ultra-low dose
contrast CTPA, which does provides images of excellent diagnostic quality, may suf-
ficiently reduce the patient’s CIN risk.*** Importantly, preventive hydration in patients
with renal disease undergoing CTPA for suspected PE can safely be withheld, as was
demonstrated in a randomized study recently. This is beneficial since this causes a delay
in diagnosis.> For patients with severe renal impairment, VQ scan is still the imaging

method of choice.**%*

In summary, previous studies do demonstrate that D-dimer testing is clinically useful
in patients with renal insufficiency and non-high clinical probability, given that PE can
be ruled out by a negative D-dimer in a substantial proportion of patients. Applying the
age-adjusted D-dimer cutoff resulted in an even better yield.* Unfortunately, it remains
unclear whether D-dimer testing is also useful in patients with severe renal failure. To
our knowledge, adapted D-dimer cutoffs have not been studied in this group of patients.
Given the possible risks of CIN after CTPA it is essential to reduce the number of CTPA to
a minimum. Therefore, we recommend the use of adjusted D-dimer cutoffs in patients
with a normal to moderate impaired renal function. Regarding the risk of CIN after CTPA
in patients with renal insufficiency, studies suggest that mild to even moderate renal
insufficiency itself is not a very strong risk factor. Other risk factors as age, comorbidity
and contrast media volume play an important role. Nevertheless, CTPA is contraindi-
cated in patients with severe renal impairment, according to current guidelines. An
option in these patients could be to perform a compression ultrasonography of the
legs (CUS) before proceeding to imaging tests. A positive CUS provides an indication for
anticoagulation therapy, and imaging can be avoided, although this approach will cause
diagnostic delay.” If imaging is necessary, the VQ scan is the imaging method of choice.

5. CONCLUSIONS

Pulmonary embolism is often suspected in patients with cancer, elderly patients and
patients with renal insufficiency, because they comprise specific high-risk groups for
venous thromboembolism. An accurate and prompt diagnosis is however difficult,
since the clinical presentation can be very different and the safety and efficiency of the
normally used diagnostic algorithms are partially unknown. As a consequence, imag-
ing is often ordered at a low threshold. Nevertheless, a diagnostic strategy for patients
suspected of PE based on CDRs and followed by D-dimer testing, prior to imaging, is
clinically useful in these special patient populations as well. Although the number of
patients that can be ruled out based on CDR and D-dimer testing alone is not as high as
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in the general population, it does reduce the need for CTPA. This will result in less radia-
tion exposure, less contrast material induced complications, a reduction of potentially
irrelevant sub-segmental emboli detection, as well as lower health care costs; all desir-
able in the setting of patients who already have comorbidity and are at increased risk
for complications. Applying age-adjusted D-dimer cutoffs or D-dimer cutoffs adapted
to clinical probability is preferred, since this increases the yield of the CDR/ D-dimer
combination considerably. The advice to use these adjusted D-dimer cutoffs is also in
line with current guidelines, which state that these methods can be considered as an
alternative to the fixed D-dimer cutoff. Despite all advances made, clinical questions
remain. The optimal method to adjust the D-dimer cutoff (age-adjusted or adapted
to clinical probability) remains to be determined, since both strategies have not been
directly compared to each other. Importantly, CTPA, regarded as the method of choice,
is contraindicated in patients with severe renal insufficiency. The VQ scan is the imag-
ing method of choice in these patients, although an option could be to proceed to CUS
before imaging, since a positive CUS waves the need for further imaging.

6. EXPERT OPINION

The diagnostic approach of suspected PE in special patient populations is challenging
due to the lower yield of the CDR/ D-dimer combination and higher risk of contrast
material induced complications. Studies in cancer patients indicated that with applying
age-adjusted D-dimer cutoffs, the number of patients that can be ruled out based on
CDR and D-dimer testing alone can be doubled (up to 13%). This number could even
be higher when applying the D-dimer cutoff based on clinical probability. However, the
failure rate of this approach in cancer patients was higher than in the general popula-
tion. This could be explained by the higher prevalence of PE in this subgroup of patients.
To provide a definite answer, the Hydra study is currently under way. In elderly patients,
assessing clinical probability is particularly challenging, since symptoms of comorbidity
can mimic the nonspecific symptoms of PE. In addition, D-dimer values are often false
positive since D-dimer increases physiologically with age. The use of age-adjusted D-di-
mer cutoffs or cutoffs based on clinical probability are advised to overcome at least one
of these problems. This advice also holds for patients with mild and moderate impaired
renal function. CIN is a well-known complication of CTPA, although reported incidences
vary widely. Interestingly, impaired renal function was not identified as a risk factor in
these studies, although data is very limited. Nevertheless is CTPA contra-indicated in
patients with severe renal failure.
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Despite these challenges and limitations, diagnostic algorithms starting with the assess-
ment of clinical probability and followed by D-dimer testing will remain the cornerstone
of the diagnostic management of suspected PE in different patient populations in the fu-
ture. The focus in the upcoming years however will presumably be on studying the most
efficient while safe diagnostic strategy in different patient populations and comorbidity.
The Hydra study, validating the YEARS algorithm in patients with cancer, is currently un-
der way. Since this is a randomized study, the safety of the YEARS algorithm can directly
be compared to the safety of CTPA alone. Furthermore will individual patient data meta-
analyses contribute to tailoring diagnostic strategies for different patient populations in
the nearby future, by providing large databases and enabling sufficient statistical power
in these different subgroups. In addition, research shall focus on imaging techniques
with a very low dose of contrast or other modalities, for instance MRI techniques, and
whether these could be helpful in diagnosing patients suspected of PE while limiting the
risks of unnecessary imaging tests.
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