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Abstract

Introduction: Individuals with cystic fibrosis (CF) may be at increased risk of
pulmonary embolism (PE). Symptoms of PE overlap substantially with those
of CF respiratory exacerbations. CF patients commonly undergo chest com-
puted tomography (CT) angiograms (CTPA) to evaluate for PE, but little is
known about the clinical presentation and diagnosis of PE in this population.
Objectives: The objectives of this study are to determine the diagnostic yield
of CTPA for PE in adult patients with CF and assess the utility of the Revised
Geneva Score (RGS) in this population.

Methods: Retrospective review of all CTPA results was performed on CF
patients with suspected PE at a large CF center from 1 January 2011 through
31 March 2017. Patient demographics, medical history, and presenting signs
and symptoms were abstracted by chart review.

Results: A total of 103 unique CTPA studies were performed in 68 patients.
Most were hospitalized at the time of CTPA, predominantly for respiratory
manifestations of CF. CTPA identified four patients with PE. The small num-
ber of positive studies precluded analysis of predictors of PE. Fewer PE were
diagnosed than predicted by the Revised Geneva Score, which was intermedi-
ate probability in 77/103 (75%) patients.

Conclusion: The prevalence of PE in CF patients undergoing CTPA for
suspected PE was 4%, which is lower than predicted by the Revised Geneva
Score. This may be due to a large overlap in the signs and symptoms of PE and
exacerbations of CF lung disease.
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1 | INTRODUCTION

This study was performed at the Adult Cystic Fibrosis Center,

University of Minnesota, Minneapolis, MN.

Respiratory disease remains the primary source of mor-
bidity and mortality in individuals with cystic fibrosis
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(CF), and each year, approximately 40% of adult
patients experience a severe respiratory exacerbation
requiring intravenous antibiotics." Pulmonary embolism
(PE) is often a diagnostic consideration in CF patients
undergoing evaluation for exacerbation as there is sub-
stantial overlap in signs and symptoms, including dys-
pnea, pleuritic chest pain, hemoptysis, tachycardia, and
low-grade fever. Furthermore, individuals with CF may
be at greater risk of PE due to thrombophilia associated
with lung inflammation, deficiency of anticoagulant fac-
tors from vitamin K deficiency or CF-related liver dis-
ease, reduced mobility during illness, and use of central
venous catheters (CVCs).? Numerous validated criteria
can be used to calculate the pretest probability of PE in
symptomatic patients, but these scoring systems are
potentially less applicable to CF patients, especially in
the setting of advanced lung disease and/or hospital
admission.

The presence of overlapping signs and symptoms, risk
factors for PE, and difficulty determining the pretest
probability of PE may increase clinicians’ reliance on
chest computed tomography (CT) angiograms (CTPAs) to
evaluate CF patients with possible venous thromboembo-
lism. Although catheter-based angiography was histori-
cally the gold standard, CTPA is now the first-line
diagnostic option for PE in the general population, with
excellent sensitivity and specificity for proximal and seg-
mental PE.°® Although PE is a potentially life-
threatening condition that merits thorough evaluation,
the risks of kidney injury in CF patients receiving neph-
rotoxic antibiotics, as well as the cumulative risk of radia-
tion exposure, particularly in young females, point
toward the need to limit unnecessary use of CTPA.” A
large single-center study identified a total of four PE
among 458 children with CF hospitalized over a 13-year
period.? Other studies looking at the incidence of throm-
bosis specifically among patients with totally implantable
vascular access devices described infrequent observations
of embolism.'>!" A retrospective study from a large adult
CF clinic found deep venous thrombosis (DVT) in 4.5% of
376 peripherally inserted central catheters (PICCs) dur-
ing a 6-year period, but the presence or absence of PE
was not noted.'

These studies suggest PE is relatively uncommon.
However, little is known about the incidence, clinical
presentation, diagnostic evaluation, and treatment of PE
in the CF population. To our knowledge, there are no
previous reports of the yield of CTPA in consecutive CF
patients with suspected PE. We evaluated the electronic
medical records (EMRs) of all CF patients who under-
went CTPA for possible PE between 2011 and 2017. The
aims of this study were to determine the diagnostic yield
of CTPA for PE in adult patients with CF; summarize the
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clinical presentation of PE; and assess the utility of the
Revised Geneva Score (RGS), a validated tool for deter-
mining the pretest probability of PE, in the adult CF
population.

2 | MATERIALS AND METHODS

We performed a retrospective chart review of all CTPA
studies performed on adult CF patients with suspected
PE at the University of Minnesota CF Center from
1 January 2011 through 31 March 2017. The study proce-
dures were approved by the University of Minnesota
Institutional Review Board. The University of Minnesota
Adult CF Center treats approximately 400 individual
patients annually. The electronic medical record was que-
ried for all patients 18 years of age or older with a diagno-
sis of CF that underwent a chest CT scan. Non-CTPA
scans, CTPA scans obtained in lung transplant recipients,
and CTPA studies performed for purposes other than PE
evaluation (e.g., prior to bronchial arterial embolization)
were excluded. CTPA results, as well as patient demo-
graphics, medical history, presenting signs and symp-
toms, and presence or absence of risk factors for PE were
extracted via detailed chart review. PE risk factors
included for chart review included age, use of oral contra-
ception or other hormone replacement, cigarette
smoking, recent major trauma or surgery, active malig-
nancy, prior history of venous thromboembolism, body
mass index (BMI), diabetes, current or recent pregnancy,
and presence of CVC."?

We utilized the RGS to retrospectively calculate the
pretest probability of PE using characteristics present at
the time of CTPA acquisition for each patient.'* The
nine characteristics included in scoring are as follows:
age >65 (1 point), prior DVT or PE (3 points), surgery
under general anesthesia or lower limb fracture within
1 month (2 points), active malignant condition
(2 points), unilateral lower limb pain (3 points), hemop-
tysis (2 points), heart rate 75-94 beats per minute
(3 points), heart rate >95 beats per minute (5 points),
pain on lower-limb deep venous palpation, and unilat-
eral edema (4 points). Low, intermediate, or high prob-
ability scores for PE are 0-3, 4-10, and >10,
respectively. The original validation study of the RGS
found an incidence of 8% in the low probability group,
29% in the intermediate probability group, and 74% in
the high probability group.**

RGSs were calculated wusing STATA software
(StataCorp, College Station, TX). GraphPad Prism
(GraphPad, San Diego, CA) statistical software was used.
Redcap (Vanderbilt University, Nashville, TN) was used
for data management and descriptive statistics.
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3 | RESULTS

During the approximately 5-year study period, a total of
112 CTPA scans were performed on adult CF patients.
Nine encounters were excluded due to prior lung trans-
plantation or because the CTPA was obtained in prepara-
tion for bronchial arterial embolization rather than
suspicion of PE. A total of 103 CTPA studies obtained
from a total of 68 patients were included in the analysis.
There were four CTPA studies (4%) positive for
PE. Characteristics of patients with and without positive
CTPA studies are summarized in Table 1. The overall
patient population was young (median age 31 years), and
the vast majority (84%) were hospitalized at the time of
the CTPA, most commonly for an exacerbation of lung
disease. Forty-one percent had a CVC at the time of
CTPA acquisition. The small number of positive studies
precluded analysis of predictors of PE.

RGSs for patients with and without a diagnosis of
PE are presented in Table 2. Seventy-five percent
(n = 77) of all patients had a score indicating interme-
diate probability; two components of the RGS, primarily
heart rate >94 and hemoptysis, both common findings
in a CF exacerbation, contributed significantly to a
score between 4 and 10 (Table 3). Nearly half of
patients had a heart rate >94 and 33% had hemoptysis
at the time of the CTPA study resulting in contributions
of 5 and 2 points, respectively. The probability of PE
was high at the time of the CTPA in only 2% of studies
based on RGS scoring. Three of the four patients with a
PE had intermediate scores (5, 8, and 8), and one had a
high score (13). Of note, two of the three PE-positive
patients with intermediate probability RGS scores had a
permanent CVC at the time of presentation, and the
one patient with the high probability score did not have
a CVC present. D-dimer assay was obtained in 15.5%
(n = 16) of patients and was elevated in 9.7% (n = 10)
of those tested. The four individuals with PE did not
undergo D-dimer testing.

Additional details on the demographics, presentation,
diagnosis, and clinical course of the four patients with
scans positive for PE are displayed in Tables 4 and 5. All
four patients diagnosed with PE were female, three had
severely or very severely reduced forced expiratory vol-
ume in 1 s (FEV,) at time of admission, three had a CVC,
and three had a prior history of DVT, one of whom also
had a prior PE. The international normalized ratio (INR)
in each of these three patients was subtherapeutic (<2) at
the time of the CTPA study. Three were hospitalized at
the time of diagnosis. One patient did not survive hospi-
talization and suffered a cardiopulmonary arrest; the sub-
sequent CTPA revealed only a small PE with unclear
clinical significance. Of the three surviving patients, one

had recurrent venous thromboembolism (VTE) which
occurred 2 years after the original PE was identified.

4 | DISCUSSION

To our knowledge, this is the first published study to
summarize the yield of CTPA in consecutive CF patients
with suspected PE. Although multiple factors potentially
place CF patients at especially high risk of PE,*” the cur-
rent analysis identified only four cases of pulmonary
emboli in a large adult CF center over a more than 5-year
period. CTPA is the diagnostic modality of choice in
suspected PE, and it is unlikely that the study failed to
identify additional patients with PE. Also, noteworthy
was the much lower prevalence of PE than was predicted
using a validated scoring system for determining pretest
probability. The overall 4% prevalence of PE among
patients undergoing CTPA in the current study is lower
than the 15-20% prevalence reported in major trials of
CTPA.%® The relatively low yield of CTPA in this popula-
tion is likely due to the substantial overlap in the presen-
tation of CF respiratory exacerbation and that of
PE. Approximately 29% of patients with an intermediate
pretest probability of PE according to the RGS would be
expected to actually have a PE.'* In the current study,
nearly 80% of CTPA had an intermediate pretest proba-
bility of PE at the time of the study, but only 3.9% (3/77)
of this group had a positive CTPA.

Elevation in the RGS in the CF population was driven
primarily by tachycardia and the presence of hemoptysis,
with age >65, malignancy, trauma, recent surgery, and
signs and symptoms of DVT being uncommon. Half of
patients received 5 points for heart rate >94 per minute,
and approximately 33% of all patients received 2 points
for hemoptysis. Acute worsening of dyspnea, pleuritic
chest pain, and low-grade fever are not part of the RGS
scoring system but are common manifestations of CF
lung disease that could also heighten the clinical suspi-
cion for PE. Additionally, commonly utilized PE risk
scoring systems do not include the presence of a CVC as
a risk factor,"*!” whereas multiple studies demonstrate
their use increases the risk for DVT among individuals
with CF.>?

The relatively low yield of CTPA in the study and lim-
ited ability of the RGS to stratify the risk of PE highlight
the need for an improved means of determining the pre-
test probability of PE in CF patients. The study results
suggest the presence of a CVC, severe lung disease, diabe-
tes, prior history of venous thromboembolism, and
female gender are potential risk factors especially rele-
vant to CF patients, but a much greater number of events
across multiple centers would be needed to derive and
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TABLE 1 Characteristics of patients undergoing chest CT angiogram

Age, years, median (IQR)

Male sex, N (%)

DeltaF508 status, N (%)
Homozygous
Heterozygous
Other

BMI, mean (SD)

Diabetes, N (%)

Best FEV, (L), median (IQR)"

Inpatient status, N (%)

Central venous catheter, N (%)

CVC type, N (%)

PICC
Port-a-cath
Central line (nontunneled)

History of VTE

Hormone therapy, N (%)

Current smoker

Admission diagnosis
CF exacerbation
Pneumonia
Hemoptysis
Other (SBO, pleuritis, and RUQ

pain)

Revised Geneva Score
Mean (SD)

Median (IQR)

Symptoms at time of CTPA, N (%)
Hemoptysis
Dyspnea
Chest pain
Other

D-dimer, N (%)

Not measured
Normal

Elevated

Pulmonary embolism (n = 4) No pulmonary embolism (n = 99)
24 (22-25) 31 (24-41)
0 39 (39)
0 49 (50)
3(75) 31 (31)
1(25) 19 (19)
18.8 (2.7) 21.8 (4.4)
3(75) 54 (55)
1.53 (1.29-2.15) 1.81 (1.33-2.59)
4(100) 82 (83)
3 (75%) 38 (40)
1(25) 19 (50)
2 (50) 18 (47)
0 1(3)
3(75) 18 (18)
1(25) 18 (18)
0 2(2)
3(75) 57 (58)
0 11 (11)
0 8 (8)
1(25) 23 (23)
8.5 (3.3) 5.4(2.3)
8 (6.5-10.5) 5(5-7)
2 (50) 24 (24)
0 33 (33)
2 (50) 41 (41)
2(50) 26 (26)
4(100) 83 (84)
6 (6)
10 (10)

Abbreviations: BMI, body mass index; CF, cystic fibrosis; CTPA, chest CT angiogram; CVC, central venous catheter; FEV,, forced expiratory volume in 1 s;
IQR, interquartile range; N, number; PICC, peripherally inserted central catheter; RUQ, right upper quadrant; SD, standard deviation; SBO, small bowel

obstruction; VTE, venous thromboembolism.

“Highest recorded FEV; in the 6 months prior to chest CT angiogram.

validate a pretest probability score specific to CF. As it
stands, clinicians must weigh risks and benefits of CTPA
relevant to the CF population when PE is a possibility.
Cumulative radiation exposure is of greater concern in

individuals with CF given their relatively young age and
the chronic nature of the disease.” Contrast-induced
nephropathy is another consideration, as individuals with
CF are at increased risk of chronic renal disease due to
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TABLE 2 Revised Geneva scores of patients undergoing chest CT angiogram
PE (n =4) No PE (n = 99) All (n = 103)
Geneva category
Low risk (0-3) 0 21 (21%) 21 (20%)
Intermediate risk (4-10) 3 (75%) 77 (78%) 80 (78%)
High risk (>11) 1 (25%) 1(1%) 2 (2%)
Abbreviation: PE, pulmonary embolism.
TABLE 3 Revised Geneva scores of all patients
Low (0-3) Intermediate (4-10) High (>11)
Geneva category
Heart rate
<75 7 1 0
75-94 17 26 1
>95 0 50 1
Hemoptysis 0 32 2
Age > 65 0 1 0
VTE history 1 19 1
Surgery or fracture in last month 1 1 0
Active malignancy 0 2 0
Unilateral leg pain 0 0 2
Pain with palpation, edema 0 2 2
Without PE (99) 24 74 1
With PE (4) 0 3 1
Total (103) 24 77 2

Abbreviations: PE, pulmonary embolism; VTE, venous thromboembolism.

TABLE 4 Characteristics of the four patients diagnosed with pulmonary embolism

Patient 1 Patient 2 Patient 3 Patient 4
Age, sex 26, F 22, F 25, F 22, F
BMI 20 16 17 22
FEV, (%) 63 43 32 41
Admit diagnosis CFE CFE Abdominal pain ~ CFE and PE
Presenting Hemoptysis and pleuritic chest Dyspnea and Cardiac arrest Hemoptysis and pleuritic chest

symptoms pain cough pain
CVC on admission No Yes (port) Yes (PICC) Yes (port)
DVT present No No No Yes
VTE history Yes (DVT) Yes (DVT) Yes (DVT and No
PE)

Revised Geneva 13 8 8 5

Score

Abbreviations: BMI, body mass index; CFE, cystic fibrosis exacerbation; CVC, central venous catheter; DVT, deep vein thrombosis; FEV, (%), forced expiratory
volume % predicted; PE, pulmonary embolism; PICC, peripherally inserted central catheter; VTE, venous thromboembolism.
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TABLE 5 Treatment and clinical course of patients with pulmonary embolism
Initial Duration of
Patient PE location Treatment INR goal treatment Complication/recurrence
1 Small, nonocclusive in L main PA  Heparin bridge 2-3 3 months None
to coumadin
2 Distal right main extending into Coumadin 2-2.5 Lifelong Stenosis of the RUL and RML
RML and RLL pulmonary arteries
3 Small, nonocclusive segmental Heparin Death during admit from other
and subsegmental RLL causes
4 Small, nonocclusive segmental Heparin bridge 1.5-2 Lifelong Upper extremity DVT then
chronic clot LLL and RLL to coumadin subsegmental PE post lung tx

Abbreviations: DVT, deep vein thrombosis; L, left; LLL, left lower lobe; PA, pulmonary artery; PE, pulmonary embolism; RLL, right lower lobe; RML, right

middle lobe; RUL, right upper lobe; tx, transplant.

drug toxicities, CF-related diabetes mellitus, and
nephrolithiasis.18 However, there is of course substantial
morbidity and mortality associated with
unrecognized PE.

The retrospective use of the RGS is a potentially
important study limitation. The RGS is better suited for
retrospective scoring because, unlike the Wells and
modified Wells scores, it does not rely on clinicians’
impression of the most likely diagnosis.'*'**° However,
it is possible that chart review did not as accurately
capture all aspects of RGS scoring as prospective collec-
tion would offer. Another concern is that the RGS, like
other prediction tools for DVT and PE, was derived and
validated in outpatient settings, typically in emergency
departments. However, current guidelines recommend
the calculation of pretest probability even in hospital-
ized patients, and the limited studies of pretest proba-
bility scoring systems applied to hospitalized patients
suggest the prevalence of DVT and PE may actually be
greater among inpatients than predicted by pretest
probability calculators.'®*2* Recent trials indicate age-
adjusted D-dimer values can be used to identify patients
with intermediate probability of PE that do not need
CTPA studies, but this is less applicable to the current
study given the overall young age of our patients.”**’
The uncertain role of D-dimer testing in patients with
intermediate likelihood of PE during the 2011-2017
study period, as well as lower predictive value of D-
dimer testing in hospitalized patients, likely accounts
for the small proportion of assays obtained in the study
population.”® There is currently limited data on D-
dimer values in people with CF. Given the elevated
inflammatory state of individuals with CF, particularly
due to chronic bacterial infection, baseline D-dimer
may be abnormally high. Only 16 patients were tested
for D-dimer in this study; interestingly, four out of five
tests in the low risk group were elevated, 6 out of 10 in
the intermediate risk group were elevated, and the one

patient tested in the high risk group was within normal
limits. This area remains ripe for future research.

CTPA is the first-line diagnostic choice for patients
with suspected PE that cannot be excluded with the use
of D-dimer assays and pretest probability scores."**! Our
CF center’s practice is to obtain CTPA for patients with
an intermediate or high suspicion for PE unless there is
an absolute contraindication to CTPA. However, it is pos-
sible the study did not identify a small subset of patients
diagnosed with PE by ventilation-perfusion scan or lower
extremity ultrasound rather than CTPA during the study
period. Poor quality CTPA studies or errors in radiologic
interpretation could potentially contribute to the
observed lower yield. However, none of the four patients
diagnosed with PE had a negative CTPA at our center
during the 3 months prior to the positive study. Further-
more, none of the patients with a negative CTPA were
subsequently diagnosed with PE during the study period.
This suggests that the observed low yield of CTPA is not
due to false-negative studies.

This was a single-center study, and the threshold for
obtaining a CTPA may vary across institutions. Of note,
80% of patients were intermediate or high risk for PE
based on the RGS, which suggests obtaining CTPA was a
reasonable decision for the vast majority of patients. As
previously noted, a greater number of patients are needed
to identify predictors of PE which would accurately strat-
ify risk in the CF population.

In conclusion, compared with studies of suspected PE
in other populations, PE was uncommon in individuals
with CF and much lower than predicted. This is likely
due to a large overlap between signs and symptoms of PE
and manifestations of exacerbations of CF lung disease,
primarily based upon the presence of tachycardia and
hemoptysis. Based on this study, the ability of the RGS,
and likely other pretest probability scores, to stratify the
likelihood of PE may be limited. Use of a large, multicen-
ter database might allow for the derivation and validation
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of a PE risk stratification tool specific to CF that would
better identify the patients most suitable for CTPA
testing.
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