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ABSTRACT

Background: Anticoagulation for subsegmental pulmonary embolism (SSPE) is controversial.

Aim: We aimed to assess the impact of clinical context on anticoagulation and outcomes of

SSPE.

Methods: We electronically searched computed tomographic pulmonary angiogram reports to
identify SSPE. We extracted demographic, risk factor, mvestigations and outcome data from
the electronic medical record. We stratified patients according to anticoagulation/no-

anticoagulation.

Results: From January 152017 to December 315 2019, we identified 166 patients with SSPE
in 5,827 pulmonary angiogram reports. Of these, 123 (74%) received anticoagulation.
Compared with non-anticoagulated patients such patients had a different clinical context:
higher rates of previous venous thromboembolism (11% vs 0%, p = 0.019), more recent
surgery (26% vs 9%, p = 0.015), more elevated serum D-dimer (22% vs 5%, p = 0.004), more
lung parenchymal abnormalities (76% vs 61%, p = 0.037) and were almost twice as likely to
require npatient care (76% vs 42%, p < 0.001). Such patients also had twice the all-cause

mortality at one year (32% vs 16%).

Conclusions: SSPE is diagnosed in almost 3% of pulmonary angiograms and is associated with
high mortality, regardless of anticoagulation, due to coexistent disease processes rather than
SSPE. Anticoagulation appears dominant but markedly affected by the clinical context of risk
factors, alternative indications, and illness severity. Thus, the controversy is partly artificial
because anticoagulation after SSPE is clinically contextual with SSPE as only one of several

factors.
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INTRODUCTION

Pulmonary embolism (PE) is a common, potentially fatal condition [1-6]. In addition to
resuscitation in severe cases, the mamstay of PE management is anticoagulation [7].
Management considerations, however, require characterisation and risk stratification of PE.
The importance of anatomic location and extent remains controversial, especially for
subsegmental pulmonary embolism (SSPE) with concern about a false positive finding in the
setting of a single subsegmental PE. Additionally, there is limited clinical data describing
current clinical anticoagulation practice, factors mfluencing the decision to prescribe
anticoagulant medications, and the long-term outcome of such patients. This is exemplified by
the qualification of currently available evidence on anticoagulation of SSPE as weak by the
American and European society guidelines [8, 9]. Such data is needed to inform clinical
decision-making m this setting and to understand how best to design future trials in patients

with SSPE. However, no such information has yet been presented in the literature.

Accordingly, i a university-affiliated hospital, over a three-year period, we studied all patients
diagnosed with SSPE by computed tomographic pulmonary angiogram (CTPA) to study the
clinical context of treatment decisions (anticoagulation versus conservative management), and
associated long-term outcomes. We hypothesised that anticoagulant therapy would be strongly
influenced by clinical context, that pulmonary embolism would not be the primary admission
diagnosis in most cases and that high long-term mortality would be related to underlying

medical conditions rather than recurrent major PE.
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MATERIAL AND METHODS

Patient and data collection

The Austin Health Human Research Ethics Committee approved this retrospective cohort study

with waiver of mformed consent (reference Audit/20/Austin/87).

All patients undergoing CTPA examination between January 152017 and December 3152019
at a single Australian tertiary care centre were identified using the Radiology Information
System (RIS). CTPA reports that diagnosed SSPE were identified, using a bespoke in-house
database. Natural language search for “subsegmental,” “sub segmental” and “sub-segmental”
was performed to narrow the number of included CTPA reports. Manual review of these
reports to identify all instances of confirmed SSPE was performed, with reports excluded if the
term was preceded by a negative (absent, no, not, negative for), combined SSPE and non-SSPE,
or where the reporting radiologist specified uncertainty regarding possible SSPE, leaving only
patients with one or more confirmed SSPE. Parenchymal changes and other radiological
findings documented in the report were recorded. Reports using diminutive wording to qualify
the diagnosis of SSPE, such as "small", "tiny" or "of uncertain clinical significance" were

recorded.

As clinical decisions were made based upon the result of these finalised radiology reports,
additional radiological image review in the setting of this study was not performed. All
radiology reports were reported or reviewed by a senior radiologist, as part of normal clinical

practice.

Patients with SSPE were stratified according to the presence or absence of therapeutic
anticoagulation for >24 hours. Primary outcomes were all-cause mortality at 90 days and 12

months following SSPE diagnosis, as recorded in the electronic medical record (EMR).
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Reported cause of inpatient death was recorded where available. Secondary outcomes included
unplanned  hospital readmissions and haemorrhagic = complications.  Haemorrhagic
complications were defined as all instances of new unexplained decrease in haemoglobin below
the local laboratory reference range lower limit or genitourinary, gastrointestinal, intracranial

and spmal/epidural bleeding, recorded in the EMR.

Covariate data collected from the RIS included results of further mvestigations such as lower
limb venous Doppler ultrasound, ventilation/perfusion (V/Q) scan and repeat CTPA.

Additional covariate data collected is specified in Supplementary eTable 1.

Data analysis

Results were reported as numbers, percentages and means (standard deviation) for normally
distributed data or medians (interquartile range) for skewed data. Fisher’s exact test was used
for univariate analyses to compare patient characteristics according to whether individuals were
therapeutically anticoagulated or managed conservatively. Odds ratios (OR) with 95%
confidence intervals (CI) were presented for variables with statistically significant differences
where possible. Univariate (anticoagulation vs conservative) and multivariate (anticoagulation,
age, hospital admission and recent surgery) Cox Proportional-Hazards models were used to
assess for possible predictors of mortality at 12-months. P-value <0.05 was deemed
statistically significant. All analyses were performed using Microsoft Excel'™ and RStudio
Statistical Software, version 1.4.1106 (RStudio: Integrated Development for R, PBC, Boston,

Massachusetts, USA).

RESULTS

During the 36-month study period, 5,827 CTPA studies were performed, including 2,558

studies containing the keyword search criteria. The search yielded 167 reports with a diagnosis
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of SSPE in 166 patients (Supplementary eFigure 1). One patient had two positive CTPA

studies, including a repeat confirmatory study seven days after initial diagnosis.

Of the 166 patients with SSPE, 123 (74%) received therapeutic anticoagulation for > 24 hours
and 43 (26%) did not. Of those managed with anticoagulation, six were previously
anticoagulated for another indication (five for atrial fibrillation (AF) and one for previous VTE)
and 17 had a previous history of AF but were commenced on anticoagulation following the

diagnosis of SSPE.

Those managed conservatively (without therapeutic anticoagulation) included 35 patients who
were never anticoagulated and eight patients who received asingle initial dose of anticoagulant
(short-lived anticoagulation). Causes for cessation of short-lived anticoagulation therapy
included: revised primary diagnosis, pre-existing transfusion dependence (high risk
gastromtestinal (GI) angiodysplasia), haematuria as a presenting complaint, changed goals of
care to palliation, high falls risk (three patients), and other acute conditions thought more

contributory to symptoms and thought more likely to explain the patient’s presentation.

Radiology reports qualifying the presence of SSPE (e.g., “small”, “tiny”, “probable”, “non-
occlusive”, “of doubtful significance™) was not significantly different (P = 0.272) between the

anticoagulated (37%) and conservatively managed group (44%).

Clinical characteristics

Both groups had similar age and sex distribution and baseline comorbidity burden (Table 1).
Predisposing factors (defined by the Wells’ criteria), however, differed. In particular, previous
VTE and surgery in the prior six months were more common in the anticoagulated group. This

was also true for elevated serum D-dimer (Table 1).
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Patients in the conservative group (40%) were more likely to have no recorded risk factor as
per the Wells’ criteria or other indication for anticoagulation compared to the anticoagulated
group (24%) (P = 0.050). Overall, 57 patients had very low predicted risk of PE according to
Wells’ criteria  with no other indications for anticoagulation. The demographics, clinical
characteristics and outcomes of these patients are highlighted in Supplementary eTable 2. Of
low-risk patients, 30 (64%) received anticoagulation. The major significant difference between
anticoagulated low risk patients (67%) and non-anticoagulated low risk patients (24%) was the

percentage who were managed as ipatients (P = 0.005).

Additional radiology findings or investigations

Additional lung parenchymal abnormalities were observed in 72% of all CTPA reports, as
defined in Supplementary eTable 1. Such findings were present in a significantly greater
percentage of patients who were subsequently anticoagulated (Figure 1). Additional
mvestigations are highlighted i Table 2. Overal, 35% and 23% of patients i the
anticoagulation and conservative groups, respectively, had ultrasound studies after the
diagnosis of SSPE, of which 20% were positive for deep vein thrombosis in each group.
Troponin [ measurement was numerically more common in anticoagulated patients (P =0.057).
Those who were anticoagulated had serum D-dimer measured more frequently, and were more

likely to have arterial blood gas analysis.

Anticoagulant medications used

Therapeutic anticoagulation with heparin-based agents was used for mitial management in
approximately 78% of treated patients. Factor Xa direct ihibitors (apixaban, rivaroxaban)
were administered as initial therapeutic anticoagulation to 16% of patients. Overall, 40% of
patients were discharged on heparin-based therapy and 51% on oral anti-Xa agents

(Supplementary eFigure 2).
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Clinical outcomes

Table 3 summarises the clinical course for each study group. Although a similar proportion of
patients had their CTPAs performed in the Emergency Department (ED), 76% of those in the
anticoagulation group went on to receive mpatient hospital-based management compared to
42% i the conservative group (OR = 4.31 (2.07-8.96), P < 0.001). PE was coded as the

primary discharge diagnosis in the EMR in 27% vs 18%, P = 0.220.

Overall, 18 patients underwent reassessment with V/Q (16 from the anticoagulation group and
two from the conservative group) and one patient was reassessed for residual/recurrent PE with
CTPA (anticoagulation group), between one and six months following the mitial diagnosis of

SSPE. All follow-up V/Q studies were negative and the single CTPA result was indeterminate.

Overall all-cause mortality rates at 90 days and 12 months after CTPA with an SSPE were 16%
(27/166) and 22% (37/166), respectively. There was no statistically significant difference in
mortality rates between the anticoagulation and conservatively managed groups at 90 days
(21% vs 16%, P = 0.416). However, one year mortality was twice as high in anticoagulated
patients (32% vs 16%, P=0.150) following CTPA (univariate and multivariate Cox regression
model results are presented in Supplementary eTables 3 and 4). Recurrent major PE or major
bleeding as well as the suspected cause of death was not recorded in the EMR for any patient.
Bleeding complication rates within six months of CTPA were not significantly different
between the two groups (Figures 2a and 2b), however, 26% of patients in the anticoagulation
group required unplanned readmission to hospital within six months compared to 9% in the

conservative group (OR =3.43 (1.14-10.35), P=0.011).
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DISCUSSION

Key findings

We conducted a computer-assisted identification of all patients with CTPA reports over three-
years in a university-affiliated hospital to study the impact of clinical context on the treatment
and long-term outcome of SSPE. Approximately 3% of CTPA reports diagnosed SSPE. About
three in four such patients received therapeutic anticoagulation. However, anticoagulated
patients had higher levels of serum D-dimer, rates of recent surgery and more prior recorded
instances of VTE, known risk factors for acute PE. They were more severely ill as indicated by
a greater likelihood of additional lung parenchymal abnormalities, greater likelihood of
receiving mpatient hospital management, and a three-fold greater hospital readmission rate
unrelated to anticoagulation. Moreover, in more than 80% of cases SSPE was not the primary
admission diagnosis. All-cause mortality at 12 months was high overall, but twice as high in

these higher risk patients.

Relationship to previous studies

Improved CT resolution and imaging techniques have improved the diagnosis of PE [10]. Thus,
SSPE diagnosis increased from 4.7% (single-detector CTPA) to 9.4% (multi-detector CT), with
numbers further compounded by the ubiquity of CT scanners in emergency departments [10,
11]. However, several controversies surround SSPE: low mterobserver diagnostic reliability
[12], lack of understanding of the natural history in non-cancer patients [13], and uncertainty

regarding the risk/benefit ratio of anticoagulation [14].

A 2013 comparative analysis of two prospective studies of patients with SSPE, all managed
with anticoagulation, reported an increased risk of new VTE after 3-month follow-up [15]. In

contrast, a 2018 meta-analysis found patients with untreated SSPE did not have a higher rate
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of recurrent VTE or a greater mortality rate after a similar follow-up period [16]. However,
evidence supports the view that many patients with SSPE are in a prothrombotic state, e.g. D-
dimer levels in patients with SSPE are significantly higher compared to those without SSPE ,

and similar to those with more proximal emboli [17].

Previous studies focused on specific higher risk populations (e.g patients with known risk
factors only [18], ICU patients [19], ED and mnpatients only [20]). In studies assessing all
patients with suspected PE, reported SSPE rates range from 0.4% to 3.6% across a total of 220
to 10,453 radiological studies (ie. V/Q, CTPA and/or pulmonary angiography) [21-25]. Our
findings of 2.9% SSPEs in 5,827 studies are aligned with previous reports. To our knowledge,
the largest previously described population of patients with SSPE was reported in 2022 [26],
with 292 described cases in an undisclosed number of patients with clinically suspected PE.
However, this study excluded patients with active cancer, a finding we observed in one third
of our cohort, making outcome comparisons based on therapy mmpossible. Similarly, the above
study excluded patients requiring supplemental oxygen, inpatient management and a history of
VTE, while not providing details of non-SSPE findings on CTPA. Thus, our study is one of
the largest to date and the only one to provide what we consider fundamental to the

interpretation of both therapy and outcome: granular details of the clinical context.

In addition, rates of anticoagulation for SSPE vary from 52% to 100% [10,16,24,27]. Our study

fits within this range, with an anticoagulation rate of 74%.

Two previous retrospective studies described further Doppler ultrasound investigation for 27%
to 97% of patients with SSPE, with positivity rates of 9% and 19% [24,27]. Our findings
broadly align with these studies, with ultrasound rates of 32% and positivity rates of 21%.
Interestingly, further investigation with Doppler ultrasound occurred n only 20% of

conservatively managed patients. Reported rates of Doppler ultrasound at diagnosis vary
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greatly among existing retrospective studies (0% to 68%) [15,18-20,22-24]. In two recent
prospective studies, deep venous thrombosis (DVT) was observed in 10 of 48 patients (21%)

[27] and 28 of 292 patients (10%) [26].

Studies of bleeding events reported rates of 2-6% in treated patients with SSPE
[13,15,24,26,28,29]. Our study is aligned with previous findings, with a 7% bleeding rate.

However, two patients (5%) in the non-anticoagulated group also had a bleeding episode.

Finally, 90-day all-cause mortality was higher i our study at 16%, compared to 1.5-10% in
previous reports [15,16,26,28]. In this regard, arecent abstract from a study seeking to describe
differences between patients with multiple SSPE versus isolated SSPE in 225 patients reported
a 100-person year death rate which was approximately twice that seen in our cohort in a
population with a 58% rate of active cancer [29]. No other study has reported on all-cause

mortality at 12 months.

Strengths and limitations

To our knowledge, this study of patients with SSPE is one of the largest to date, the only one
to assess and describe several risk factors, to provide the most detailed information on clinical
course, consideration of treatment decisions, and the longest follow-up period. As such, it
provides novel information to guide clinicians’ understanding of current practice and making
mformed decisions related to treatment and prognosis. Crucially it demonstrates that SSPE is
not the primary admission diagnosis in most patients; that the decision to anticoagulate appears
nstead affected by consideration of the clinical context, and that mortality at 12 months is high

because of the associated pathology of which SSPE is just one manifestation.

We acknowledge several other study limitations, including the single centre and retrospective

nature. The latter resulted in unequal groups of anticoagulated and non-anticoagulated patients,

958917 SUOLUILWOD SA 81D 3! |dde ay) Ag pausenob afe sappie VO ‘8sN J0 S3|NJ Joj Aelg1 SUIIUO 8|1 UO (SUONIPUOI-pUe-SWB)Wod" A3 | Aleld U1 |UO//:Sdiy) SUOIPUOD pue SWe | 84} 89S *[£202/20/6T] U0 Aiqiauliuo AS|1M suinodie N 1O AisieAlun ay L Ag 682ST  IWITTTT OT/I0p/AL0Y A3 |1 ARelq 1 Bul|Uo//:Sdny Wiou) papeojumoq ‘0 ‘v665SivT



which limits our ability to perform multivariable logistic regression analysis. However, our
findings 1illustrate the heterogeneity of these patients and the fact that SSPE occurs within
specific additional clinical contexts that greatly influence both the decision for or against
anticoagulation as well as the final outcome. Symptomatic PE was the primary diagnosis in
less than a quarter of patients, while approximately two thirds of patients had a non-VTE related
lung parenchymal abnormality on CTPA. As such, a limitation of our study is that we were
unable to apportion symptoms to one or two small SSPE i the presence of such confounders.
Finally, we could not report on the specific length of anticoagulation in this cohort, nor on the
cause of death for 25 patients (19 in the anticoagulation group and 7 in the conservative group)
due to the varied follow-up settings and lack of electronic medication recording for outpatient
or general practice management and the absence of post-mortem examination to detect or

exclude pulmonary embolism.

CONCLUSIONS

Our findings mmply that anticoagulation-related decisions are markedly contextual and
mfluenced by previous VTE, recent surgery, elevated D-dimer levels and the presence or
absence of contraindications. Moreover, our observations suggest that patients treated with
anticoagulants are more severely ill, have more additional lung parenchymal abnormalities,
and much greater likelihood of inpatient management. Finally, our findings suggest that one in
five patients with SSPE can be expected to die within one of year of diagnosis with mortality
at one year reflecting the underlying conditions and being twice as high in those receiving
anticoagulation. These observations suggest that future trials of SSPE management should
include a usual care arm as the control group and that, in the absence of major recurrent PE or

bleeding, the administration or withholding of anticoagulation is unlkely to affect mortality.

958917 SUOLUILWOD SA 81D 3! |dde ay) Ag pausenob afe sappie VO ‘8sN J0 S3|NJ Joj Aelg1 SUIIUO 8|1 UO (SUONIPUOI-pUe-SWB)Wod" A3 | Aleld U1 |UO//:Sdiy) SUOIPUOD pue SWe | 84} 89S *[£202/20/6T] U0 Aiqiauliuo AS|1M suinodie N 1O AisieAlun ay L Ag 682ST  IWITTTT OT/I0p/AL0Y A3 |1 ARelq 1 Bul|Uo//:Sdny Wiou) papeojumoq ‘0 ‘v665SivT



ACKNOWLEDGEMENTS

AD is the guarantor of the content of the manuscript, including the data and analysis. SF
contributed to data collection, as well as manuscript preparation and review. NEH contributed
manuscript and analysis planning, manuscript review and raw data organization. SK created a
web-based application for rapid review of CTPA reports and other imaging, contributed to data
collection and manuscript review. NM contributed to raw data extraction and collection and
manuscript review. CFM, JEL contributed to manuscript preparation and review, as well as
analysis review. FY contributed to manuscript review and provided assistance with the
statistical analysis. NY contributed to project conception and coordmnation, as well as
manuscript review. RB contributed to manuscript preparation and review, as well as project

conception and coordination.

The authors would like to acknowledge the help of Julie Smith, Research Coordinator, with
preparing the study ethics application. The authors have no financial disclosures and no funding
or other contributions were obtained for this research. The authors declare that there is no

conflict of interest.

958917 SUOLUILWOD SA 81D 3! |dde ay) Ag pausenob afe sappie VO ‘8sN J0 S3|NJ Joj Aelg1 SUIIUO 8|1 UO (SUONIPUOI-pUe-SWB)Wod" A3 | Aleld U1 |UO//:Sdiy) SUOIPUOD pue SWe | 84} 89S *[£202/20/6T] U0 Aiqiauliuo AS|1M suinodie N 1O AisieAlun ay L Ag 682ST  IWITTTT OT/I0p/AL0Y A3 |1 ARelq 1 Bul|Uo//:Sdny Wiou) papeojumoq ‘0 ‘v665SivT



REFERENCES

Naess IA, Christansen SC, Romundstad P, Cannegieter SC, Rosendaal FR,
Hammerstrom J. Incidence and mortality of venous thrombosis: a population-based
study. J Thromb  Haemost. 2007 Apr;5(4):692-699. doi:10.1111/.1538-

7836.2007.02450.x

Tagalakis V, Patenaude V, Kahn SR, Suissa S. Incidence of and mortality from venous
thromboembolism in a real-world population: The Q-VTE study cohort. 4m J Med.

2013;126(9):832.e13-832.e21. doi:10.1016/j.amymed.2013.02.024

Horlander KT, Mannino DM, Leeper KV. Pulmonary embolism mortality in the United
States, 1979-1998: An analysis using multiple-cause mortality data. Arch Intern Med.

2003;163(14):1711-1717. doi:10.1001/archinte.163.14.1711

Alotaibi GS, Wu C, Senthilselvan A, McMurtry MS. Secular Trends in Incidence and
Mortality of Acute Venous Thromboembolism: The AB-VTE Population-Based Study.
Am J Med. 2016;129(8):879.¢19-879.e25. doi: 10.1016/j.amjmed.2016.01.041. Epub

2016 Feb 27. PMID: 26925811. doi:10.1016/j.amjmed.2016.01.041

Roberts LN, Durkin M, Arya R. Annotation: Developing anational programme for VTE

prevention. Br J Haematol. 2017;178(1):162-170. doi:10.1111/bjh.14769

Office of the Surgeon General (US); National Heart, Lung, and Blood Institute (US).
The Surgeon General's Call to Action to Prevent Deep Vein Thrombosis and Pulmonary
Embolism. Rockville (MD): Office of the Surgeon General (US); 2008. Available from:

https//www.ncbi.nlm.nih. gov/books/NBK44178/ Accessed: 21 May 2020.

Thompson BT, Kabrhel C. Overview of acute pulmonary embolism in adults.

UpToDate. https//www.uptodate.com/contents/overview-of-acute-pulmonary-

958917 SUOLUILWOD SA 81D 3! |dde ay) Ag pausenob afe sappie VO ‘8sN J0 S3|NJ Joj Aelg1 SUIIUO 8|1 UO (SUONIPUOI-pUe-SWB)Wod" A3 | Aleld U1 |UO//:Sdiy) SUOIPUOD pue SWe | 84} 89S *[£202/20/6T] U0 Aiqiauliuo AS|1M suinodie N 1O AisieAlun ay L Ag 682ST  IWITTTT OT/I0p/AL0Y A3 |1 ARelq 1 Bul|Uo//:Sdny Wiou) papeojumoq ‘0 ‘v665SivT



10.

11.

12.

embolism- in-adults ?search=pulmonary
embolism&source=search result&selected Title=1~150&usage type=default&display

_rank=1. Published 2018. Date last updated: June 9 2020. Accessed: 21 May 2020.

Konstantnides SV, Meyer G, Becattini C, Bueno H, Geersing GJ, Harjola VP ef al. 2019
ESC Guidelines for the diagnosis and management of acute pulmonary embolism
developed in collaboration with the European Respiratory Society (ERS). Eur. Respir.

J.2019 54: 1901647. doi:10.1183/13993003.01647-2019

Stevens SM, Woller SC, Kreuziger LB, Bounameaux H, Doerschug K, Geersing GJ,
Huisman MV, Kearon C, King CS, Knighton AJ, Lake E, Murin S, Vintch JRE, Wells
PS, Moores LK. Antithrombotic Therapy for VTE Disease: Second Update of the
CHEST Guideline and Expert Panel Report. Chest. 2021;160(6):e545-e608. doi:

10.1016/j.chest.2021.07.055. Epub 2021 Aug 2. PMID: 34352278.

Carrier M, Righini M, Wells PS, Perrier A, Anderson DR, Rodger MA et al.
Subsegmental pulmonary embolism diagnosed by computed tomography: Incidence and
clnical implications. A systematic review and meta-analysis of the management
outcome studies. J Thromb Haemost. 2010;8(8):1716-1722. doi10.1111/5.1538-

7836.2010.03938.x

Wiener RS, Schwartz LM, Woloshin S. Time trends in pulmonary embolism in the
United States: Evidence of overdiagnosis. Arch Intern Med. 2011;171(9):831-836.

doi:10.1001/archinternmed.2011.178

Ghanima W, Nielssen BE, Holmen LO, Witwit A, Al-Ashtari A, Sandset PM.
Multidetector Computed Tomography (MDCT) in the diagnosis of pulmonary

embolism: Interobserver agreement among radiologists with varied levels of experience.

85UB017 SUOWILIOD BAER1D 3! |dde 8y} Aq pausenob ae 3 1ie YO ‘38N JO S3INJ o} Aeiq1T BUIIUO /8] UO (SUOIIPLOD-pUe-SWS) W00 A3 | 1M Aeiq U1 |UO//:SA1Y) SUOIIPUOD pue SWe | 843 89S *[€202/20/6T] U ArIqiTaulluo A3 |IM ‘Buinoge N O AiseAluN 8y L Ag 682GT [WITTTT OT/I0p/Wod A3 AreIq Ul |UO//SANY Wouy papeolumoq ‘0 ‘Y6655 T



13.

14.

15.

16.

17.

18.

19.

Acta radiol. 2007;48(2):165-170. do1:10.1080/02841850601100859

Fernandes A, Connors JM, Carrier M. Anticoagulation for Subsegmental Pulmonary

Embolism. N Engl J Med. 2019;381(12):1171. doi:10.1056/NEJMclde1907665

Wu C, Alotaibi GS, Alsaleh K, Linkins LA, McMurtry MS. Case-fatality of recurrent
venous thromboembolism and major bleeding associated with aspirin, warfarin, and

direct oral anticoagulants for secondary prevention. Thromb Res. 2015;135(2):243-248.

doi:10.1016/j.thromres.2014.10.033

Den Exter PL, Van Es J, Klok FA, Kroft LJ, Kruip MJ, Kamphuisen PW et al. Risk
profile and clinical outcome of symptomatic subsegmental acute pulmonary embolism.

Blood. 2013;122(7):1144-1149. do1:10.1182/blood-2013-04-497545

Bariteau A, Stewart LK, Emmett TW, Klne JA. Systematic Review and Meta-analysis
of Outcomes of Patients With Subsegmental Pulmonary Embolism With and Without
Anticoagulation Treatment. Acad  Emerg  Med. 2018;25(7):828-835.

doi:10.1111/acem.13399

Singer AJ, Zheng H, Francis S, Fermann GJ. Change AM, Parry BA, et al. D-dimer
levels m VTE patients with distal and proximal clots. A4m J Emerg Med. 2019;37(1):33-

37. do1:10.1016/j.ajem.2018.04.040

Auer R, Schulman A, Tuorto S, Gonen M, Gonsalves J, Schwartz L ef al. Use of helical
CT is associated with an increased incidence of postoperative pulmonary emboli in
cancer patients with no change in the number of fatal pulmonary emboli. JAm Coll Surg.

2009; 208(5):871-878. doi: 10.1016/j.jamcollsurg.2008.12.030

Koch C, Schramm R, Roller FC, Hecker A, Henrich M, Schneck E, Krombach G et al.

Impact of unsuspected subsegmental pulmonary embolism in ICU patients.

958917 SUOLUILWOD SA 81D 3! |dde ay) Ag pausenob afe sappie VO ‘8sN J0 S3|NJ Joj Aelg1 SUIIUO 8|1 UO (SUONIPUOI-pUe-SWB)Wod" A3 | Aleld U1 |UO//:Sdiy) SUOIPUOD pue SWe | 84} 89S *[£202/20/6T] U0 Aiqiauliuo AS|1M suinodie N 1O AisieAlun ay L Ag 682ST  IWITTTT OT/I0p/AL0Y A3 |1 ARelq 1 Bul|Uo//:Sdny Wiou) papeojumoq ‘0 ‘v665SivT



20.

21.

22.

23.

24.

25.

26.

Anaesthesist. 2016;65:122-128. do1:10.1007/s00101-015-0118-3

Kline JA, Hogg MM, Courtney DM, Miller CD, Jones AE, Smithline HA. D-dimer
threshold increase with pretest probability unlikely for pulmonary embolism to decrease
unnecessary computerized tomographic pulmonary angiography. J Thromb Haemost.

2012;10(4):572-581. doi:10.1111/5.1538-7836.2012.04647.x

Aghayev A, Furlan A, Patil A, Gumus S, Jeon KN, Park B, et al. The Rate of Resolution
of Clot Burden Measured by Pulmonary CT Angiography in Patients With Acute

Pulmonary Embolism. AJR. 2013;200(4):791-797. do1:10.2214/AJR.12.8624

Angriman F, Ferreyro BL, Posadas-Martinez ML, Gunta D, Vazquez FJ, Vollmer WM.
Wells Score and Poor Outcomes Among Adult Patients With Subsegmental Pulmonary
Embolism: A  Cohort Study. journals.sagepub.com.  2015;21(6):539-545.

do1:10.1177/1076029614559772

Donato A, Khoche S, Santora BW. Clinical outcomes in patients with isolated

subsegmental pulmonary emboli diagnosed by multidetector CT pulmonary
angiography. Thromb Res. 2010;126(4)¢266-e270.

doi:10.1016/j.thromres.2010.07.001

Goy J, Lee J, Levine O, Chaudhry S, Crowther M. Sub-segmental pulmonary embolism
i three academic teaching hospitals: A review of management and outcomes. J Thromb

Haemost. 2015;13(2):214-218. doi:10.1111/jth.12803

Revel MP, Petrover D, Hernigou A, Lefort C, Meyer G, Frija G. Diagnosing pulmonary
embolism with four-detector row helical CT: Prospective evaluation of 216 outpatients

and mpatients. Radiology. 2005;234(1):265-273. doi:10.1148/radiol.2341031880

Le Gal G, Kovacs MJ, Bertoletti L, Couturaud F, Dennie C, Hirsch AM, Huisman MV,

958917 SUOLUILWOD SA 81D 3! |dde ay) Ag pausenob afe sappie VO ‘8sN J0 S3|NJ Joj Aelg1 SUIIUO 8|1 UO (SUONIPUOI-pUe-SWB)Wod" A3 | Aleld U1 |UO//:Sdiy) SUOIPUOD pue SWe | 84} 89S *[£202/20/6T] U0 Aiqiauliuo AS|1M suinodie N 1O AisieAlun ay L Ag 682ST  IWITTTT OT/I0p/AL0Y A3 |1 ARelq 1 Bul|Uo//:Sdny Wiou) papeojumoq ‘0 ‘v665SivT



27.

28.

29.

Klok FA, Kraaijpoel N, Mallick R, Pecarskie A, Pena E, Phillips P, Pichon I, Ramsay
T, Righini M, Rodger MA, Roy PM, Sanchez O, Schmidt J, Schulman S, Shivakumar
S, Trinh-Duc A, Verdet R, Vinsonneau U, Wells P, Wu C, Yeo E, Carrier M; SSPE
Investigators. Risk for Recurrent Venous Thromboembolism in Patients With
Subsegmental Pulmonary Embolism Managed Without Anticoagulation : A Multicenter
Prospective Cohort Study. Ann Intern Med. 2022 Jan;175(1)229-35. doi: 10.7326/M21-

2981. Epub 2021 Nov 23. PMID: 34807722.

Li J, Rolfe-Vyson V, Rowland V, Woulfe T, Merriman E. Management of Single
Subsegmental Pulmonary Embolism - a Prospective Observational Study at North Shore
and Waitakere Hospitals, Auckland [published online ahead of print, 2021 Sep 15].

Intern Med J. 2021;10.1111/im.15531. doi:10.1111/imj.15531

Mehta D, Barnett M, Zhou L, Woulfe T, Rolfe-Vyson V, Rowland V et al. Management
and outcomes of single subsegmental pulmonary embolus: a retrospective audit at North
Shore  Hospita, New  Zealand. Intern Med J. 2014;44(9):872-876.

doi:10.1111/im;j.12507

Hirao-try Y, Vlazny D, Houghton D, Casanegra A, Meverden R, Hodge D, Peterson L,
McBane R, Wysokinski W. Solitary versus Multiple Subsegmental Pulmonary Emboli:
Clinical Characteristics and Outcomes [abstract]. Res Pract Thromb Haemost. 2021;5
(Suppl  2). https://abstracts.isth.org/abstract/solitary-versus- multiple-subsegmental-

pulmonary-emboli-clinical-characteristics-and-outcomes/. Accessed April 13, 2022.

958917 SUOLUILWOD SA 81D 3! |dde ay) Ag pausenob afe sappie VO ‘8sN J0 S3|NJ Joj Aelg1 SUIIUO 8|1 UO (SUONIPUOI-pUe-SWB)Wod" A3 | Aleld U1 |UO//:Sdiy) SUOIPUOD pue SWe | 84} 89S *[£202/20/6T] U0 Aiqiauliuo AS|1M suinodie N 1O AisieAlun ay L Ag 682ST  IWITTTT OT/I0p/AL0Y A3 |1 ARelq 1 Bul|Uo//:Sdny Wiou) papeojumoq ‘0 ‘v665SivT



Figure 1: Bar chart comparing non-PE findings included in each CTPA report for each group.
The grey bars describe findings seen in the anticoagulation group while the black bars describe

those in the conservatively managed group.

Figures 2a and 2b: Tree charts describing the short and long-term clinical outcomes for the
patients in each group. 2a = anticoagulation group; 2b = conservatively managed (ie., not
anticoagulated) group. Cause of death was only known in those who died during an mpatient
admission, as documented on the death certificate. LOS = length of stay; ICU = Intensive care

unit; GI = gastrointestinal.
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Table 1: Demographic and clinical characteristics of study patients

Odds Ratio

Anticoagulation Conservative 95% P
(n=123,74%) (n=43,26%)* confidence
interval)
Female sex 57 (46%) 22 (51%) 0.356
Age in years
Median (IQR) 69 (59-76) 65 (54-81)
Charlson Comorbidity Index®
Median (IQR) 1 (0-2) 1 (0-3)
Previous anticoagulation 6 (5%) 0 (0%)
Non-biochemical PE risk factors as per Wells’ Criteria
Previous PE/DVT 13 (11%) 0(0%) N/A 0.019
0.73
Malignancy 37 (30%) 16 (37%) 0.249
(0.35, 1.50)
Surgery in the last six 3.48
h 32 (26%) 4 (9%) 0.015
fronts (1.14,10.35)
0.24
Haemoptysis® 3 (2%) 4 (9%) 0.075
(0.05, 1.14)
0.54
Tachycardia’ 31/123 (25%) 10/26 (38%) 0.129
(0.22, 1.31)
No risk factor as per 0.49
Wells’ or other indication 30/123 (24%) 17/43 (40%) 0.050
for anticoagulation (0.24, 1.03)
0.99
Ambulance arrivalf 26/47 (55%) 5/9 (56%) 0.644
(0.24, 4.16)
Unit of admission (n=93/123) (n=18/43)
0.81
Respiratory medicine 13 (14%) 3 (17%) 0.503
(0.21, 3.20)
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0.78
Haematology/oncology 17 (18%) 4 (22%) 0.456
(0.23, 2.68)
1.34
Other 63 (68%) 11 (61%) 0.385
(0.47, 3.79)

Data are presented as n and n (%). P values are displayed individually.
IQR: mterquartile range.
a) 8 /43 wereinitially anticoagulated and then ceased within 24 hours, either after inpatient review or
prior to discharge (see text).
b) Available in 121/123 anticoagulated patients and 29/43 conservatively managed patients.
c) Defined as the total number of patients on therapeutic anticoagulation prior to their diagnosis of
SSPE.
d) as stated in the CTPA request
e) Vitals only available for those diagnosed in ED or as inpatients; tachycardia defined as HR > 100
bpm.
Data available for the majority of those scanned in the emergency department.
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Table 2: Additional relevant investigations

Anticoagulation =~ Conservative p
(74%, n =123) (26%, n =43)

D-dimer level measured 28 (23%) 2 (5%) 0.004
D-dimer >500 ng/L 27 (96%) 2 (100%) 0.933
Median level (IOR) 2,160 (1,211- 1,398 (1,299-

3,720) 1,498)

Troponin T
Number of patients tested 56 (46%) 13 (30%) 0.057
Mean difference troponin® (SD) 43.6 +/- 179.9 4.8+/-14.2

Arterial blood gases 33 (27%) 4 (9%) 0.011

lLﬂ‘t)rZ:;um]ljmb venous Doppler 5 3504 10 (23%) 0.109
Proportion positive 9 (21%) 2 (20%) 0.673

Ventilation/perfusion (V/Q) study 4 (3%) 0 (0%) 0.298
Proportion positive 2 (50%) N/A

Further CTPA 0 (0%) 1 (2.3%) 0.259
Proportion positive N/A 1 (100%)

Data are presented as n and n (%). P values are displayed individually.

IQR: interquartile range; SD: standard deviation; CTPA: Computer Tomography Pulmonary
Angiogram
a) Mean difference in troponin alludes to the trajectory of troponin for each individual patient, i.e.,
the difference between peak and trough troponin levels.
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Table 3: Clinical course

Anticoagulation Conservative
P
(74%,n=123)  (26%, n = 43)
CTPA performed in ED 55 (45%) 16 (37%) 0.250
Abnommal —vital - signs - at 553 370, 11/26 (42%) 0.369
diagnosis
Managed as inpatient 93 (76%) 18 (42%) <0.001
Length of stay in days
Median (IOR) 85(4.7-17.1) 8.0 (5.7-14.4) 0.400
ICU stay required 5/93 (5%) 0 /18(0%) 0.406
Rapid response team (RRT) 593 (339, 6/18 (33%) 0.600
review?
PE as the pri disch
as The primaty  ABCRATEe 35123 27%) 6/33 (18%) 0.216

diagnosis

Data are presented as n and n (%). P values are displayed individually.

IQR: interquartile range

a) One or more RRT calls during inpatient admission
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Figure 2a: Anticoagulation group
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Figure 2b: No anticoagulation group
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