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Abstract

IMPORTANCE Approximately 8% of acute pulmonary emboli are confined to the subsegmental
arteries. The 2016 and 2021 American College of Chest Physicians (CHEST) guidelines and expert
panel reports suggest the use of structured surveillance without anticoagulation for select
ambulatory patients with subsegmental pulmonary embolism who do not have active cancer, deep
vein thrombosis, impaired cardiopulmonary reserve, marked symptoms, or increased risk of
recurrent venous thromboembolism; however, guideline uptake in community practice is unknown,
as is the proportion of outpatients eligible for surveillance.

OBJECTIVE To describe the prevalence of surveillance among outpatients with acute subsegmental
pulmonary embolism and to estimate the proportion of patients eligible for structured surveillance
using modified CHEST criteria.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study was conducted across 21
US community hospitals in the Kaiser Permanente Northern California integrated health system from
January 1, 2017, to December 31, 2021. Adult outpatients with acute subsegmental pulmonary
embolism were included. Patients with the following higher-risk characteristics were excluded:
codiagnoses requiring hospitalization, non–low-risk vital signs (ie, systolic blood pressure <90 mm
Hg, pulse �110 bpm, or peripheral cutaneous pulse oximetry �92%), prediagnosis anticoagulant
use, or hospice care. Data analysis was performed from November 2022 to February 2023.

MAIN OUTCOMES AND MEASURES The main outcomes were the (1) prevalence of surveillance and
(2) eligibility for surveillance using 2 sets of criteria: the CHEST criteria modified by excluding patients
with higher-risk characteristics or right ventricular dysfunction and a stricter set of criteria requiring
age younger than 65 years and no more than 1 embolus. The prevalence of structured surveillance
was calculated and the proportion of patients eligible for surveillance was estimated.

RESULTS Of the 666 outpatients with acute subsegmental pulmonary embolism included in this
study, 229 with lower-risk characteristics were examined. Their median age was 58 (IQR, 42-68)
years; more than half were men (120 [52.4%]) and self-identified as non-Hispanic White (128
[55.9%]). Six patients (2.6%) were initially not treated with anticoagulants. Among the lower-risk
cohort, only 1 patient (0.4% [95% CI, 0.01%-2.4%]) underwent structured surveillance, without
90-day sequelae. Thirty-five patients (15.3% of the lower-risk group and 5.3% of the full cohort) were
surveillance eligible using modified CHEST criteria. Fifteen patients (6.6% of the lower-risk group
and 2.3% of the full cohort) were surveillance eligible using stricter criteria.

CONCLUSIONS AND RELEVANCE In this cohort study of lower-risk outpatients with subsegmental
pulmonary embolism, few were eligible for structured surveillance, and only a small proportion of
eligible patients underwent surveillance despite the CHEST guideline. If forthcoming trials find
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Key Points
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Abstract (continued)

surveillance safe and effective, substantial uptake into clinical practice may require more than
passive diffusion.

JAMA Network Open. 2023;6(8):e2326898. doi:10.1001/jamanetworkopen.2023.26898

Introduction

Pulmonary embolism (PE) confined to the subsegmental pulmonary arteries, known as
subsegmental PE, has increased in prevalence as detection capacities of computed tomography
pulmonary arteriography (CTPA) have improved. Approximately 3% to 12% of PEs diagnosed using
CTPA are subsegmental.1-8 The pharmacological treatment of patients with low-risk subsegmental
PE is contested.4,9-17 It is unclear whether the risk of progressive or recurrent venous
thromboembolism (VTE) is sufficiently elevated to justify anticoagulation for all patients with
subsegmental PE. The alternative to anticoagulation is a structured surveillance program, consisting
of close follow-up, careful instructions for when to seek urgent medical attention, and serial lower-
extremity compression ultrasonography to evaluate for deep vein thrombosis (DVT) on day 0 and
again at 1 week.14,18-21 Would select patients with low-risk subsegmental PE be better served with
structured surveillance without anticoagulation rather than assuming the risks, costs, and
inconvenience associated with 3 to 6 months of anticoagulation? Previously, the safety and
effectiveness of a surveillance strategy and its optimal candidates rested on limited and incomplete
evidence. Recently, better evidence was published.21 No randomized clinical trials have yet been
published to help direct clinicians in their pharmacotherapy decisions, but 2 are underway.22,23

The American College of Chest Physicians (CHEST) addressed this clinical conundrum in the
2016 CHEST guideline and expert panel report.18 The authors suggested structured surveillance
without anticoagulation for ambulatory patients with stable subsegmental PE without active cancer,
DVT (requiring bilateral compression ultrasonography regardless of DVT signs and symptoms),
impaired cardiopulmonary reserve, marked symptoms, and increased risk of recurrent VTE. Kearon
et al acknowledged that the “evidence supporting our recommendations is low quality because of
indirectness and because there is limited ability to predict which patients will have VTE complications
without anticoagulation.”18(p339) This cautious recommendation was reiterated in the subsequent
2021 CHEST guideline and expert panel report.19,20 Although the eligibility criteria vary, the European
Society of Cardiology and a multispecialty panel of VTE experts also recommend structured
surveillance for select patients with low-risk subsegmental PE.14,15,24

The prevalence of surveillance strategies in community practice, even in settings with excellent
follow-up, is unclear. The proportion of outpatients with acute subsegmental PE who would be
eligible for structured surveillance is also unclear. We hypothesized that (1) structured surveillance,
although suggested by CHEST, is uncommon in community clinical practice and (2) if the CHEST
recommendations were followed, only a small proportion of patients with subsegmental PE would be
eligible, given the numerous low-risk criteria required. Eligibility would shrink further if younger age
(<65 years) and fewer clots (no more than 1) were required, based on the findings of the SSPE trial, a
recent large, prospective observational study of structured surveillance.21

To test these 2 hypotheses, we undertook a cohort study of patients with lower-risk
subsegmental PE to determine the prevalence of structured surveillance in a community-based
setting and to ascertain hypothetical eligibility for surveillance based on modified CHEST criteria.
Knowing how large of a difference the CHEST guideline has made (hypothesis 1) and could make
(hypothesis 2) is the first step in understanding the application of structured surveillance without
anticoagulation to outpatients with acute subsegmental PE.
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Methods

The Kaiser Permanente Northern California Institutional Review Board conducted a review of this
retrospective cohort study and deemed it exempt from review and the requirement for informed
consent under 45 CFR §46.104. The study was conducted in accordance with the principles of the
Declaration of Helsinki.25 We followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Study Design and Setting
We performed this retrospective cohort study across 21 community medical centers and associated
clinics of Kaiser Permanente Northern California. This health system cares for more than 4.5 million
members, with more than 1.2 million emergency department (ED) visits per year. Kaiser Permanente
health plan members have similar demographic and socioeconomic characteristics to the local and
state populations.26,27

There were no systems or clinical decision supports in place for subsegmental PE, the
management of which was at the discretion of the treating physicians, who had ready access to
imaging studies, specialty consultation, and prompt follow-up.3,28-30 Patients who started oral
anticoagulants (both warfarin and direct oral anticoagulants) were followed by a pharmacy-led,
telephone-based anticoagulation management service.31-33

Population
The study population consisted of all adult health plan members (aged �18 years) with CTPA
demonstrating acute subsegmental PE from January 1, 2017, through December 31, 2021. We
identified CTPA reports with a high probability of a positive subsegmental PE result using natural
language processing algorithms (eMethods 1 in Supplement 1).

The computed tomography (CT) radiology reports identified as likely having a positive
subsegmental PE result underwent manual medical record review. Patients were excluded for the
following imaging reasons: negative, chronic, improving, or uncertain diagnosis of subsegmental PE,
or PE not confined to the subsegmental arteries. We undertook manual review of the electronic
health records of case patients with eligible CT radiology reports. To define the patient group with
lower-risk characteristics, we excluded 437 case patients with a concomitant diagnosis requiring
hospitalization (eg, severe COVID-19 pneumonia) (n = 253), with 1 or more non–low-risk vital signs
(ie, systolic blood pressure <90 mm Hg, pulse �110 beats/min, or peripheral cutaneous pulse
oximetry �92%) (n = 140), already taking anticoagulants34 (n = 41), or receiving hospice care
(n = 3). The remaining patients constituted our lower-risk cohort (Figure).

Outcomes
The first primary outcome was the prevalence of structured surveillance without anticoagulation. We
defined surveillance as initially withholding anticoagulation, combined with clinical follow-up and
DVT imaging scheduled within 2 weeks of the index PE diagnosis.

The second primary outcome was the prevalence of surveillance eligibility among 2 populations:
those with lower-risk subsegmental PE (defined earlier in the Population section) and all patients
with subsegmental PE. We determined surveillance eligibility using 2 sets of criteria: (1) those
modified from the 2016 CHEST guideline and expert panel report18 and (2) enhanced criteria that
also excluded older patients (aged �65 years) and those with more than 1 embolus, based on
findings of the SSPE study.21

Surveillance Criteria
The CHEST guideline and expert panel report published in 2016 (the year before the study period
began) cautiously recommended structured surveillance without anticoagulation for select
outpatients with stable acute subsegmental PE.18 We translated those recommendations into explicit
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surveillance eligibility criteria, as described in eTable 1 in Supplement 1. We assumed that patients
without a documented recent provocation for VTE (eg, major surgery or oral estrogen) had none—a
reasonable assumption in our setting, given our medical record review experience that clinicians
nearly always inquire about and document recent VTE provocations for patients with acute
PE.2,3,30,35-38 We deemed the absence of VTE provocation as a contraindication to withholding
anticoagulation because of increased risk for VTE recurrence.39 We counted patients without
compression ultrasonography as having a negative test result for DVT. We based this assumption on
the multinational SSPE study, which identified concomitant DVT on serial ultrasonography in only
2% of patients with subsegmental PE and lower-risk attributes (eg, outpatients with stable disease
and without cancer).21

We added several criteria to the CHEST recommendations, including pregnancy, clinical
instability (based on non–low-risk vital signs), non-VTE diagnoses requiring inpatient care, and
suggestions of right ventricular dysfunction (eTable 1 in Supplement 1).40,41 However, we did not
require right ventricular assessment beyond CT evaluation: missing test results were categorized as
though they were negative.18 Our criteria were admittedly incomplete, as some variables (eg,
hemorrhage risk) were not available. As a sensitivity analysis, we required normal vital signs
throughout the diagnostic evaluation (ie, lowest temperature �36 °C [or 96.8 °F], lowest systolic
blood pressure �100 mm Hg, highest heart rate <100 beats/min, highest respiratory rate <20

Figure. Cohort Assembly

150 358 Electronically excluded CTPA reports
137 079 Not likely positive for PE

13 279 Likely PE cases that were not likely
positive for SSPE

151 275 Nongravid adults (aged >18 y) who underwent CTPA for PE as
outpatients from January 2017 to December 2021 and whose
CTPA reports were likely positive for SSPE using natural
language processing algorithms

177 Cases manually excluded by CTPA reports
93 Uncertain PE diagnosis
37 Proximal PE
22 No PE
25 Other

74 Cases manually excluded by CTPA performed
as inpatient and among nonmembers
45 CTPA done as inpatient
29 Non-health plan members

437 Higher-risk SSPE cases
manually excluded
253 Coillness needing hospitalization
140 Abnormal vital signs

41 Already taking anticoagulation therapy
3 Hospice care

229 Lower-risk SSPE cases

917 Cases with likely SSPE confirmed by
manual record review of CTPA reports

666 Cases of SSPE confirmed by manual record
review of outpatient health plan members

740 SSPE cases confirmed by manual record review

CT indicates computed tomography; CTPA, CT
pulmonary angiography; PE, pulmonary embolism;
SSPE, subsegmental PE.
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breaths/min, and lowest pulse oximetry �95%). We compare our modified CHEST criteria with the
criteria of 2 ongoing trials22,23 in eTable 2 in Supplement 1. We also captured standard 90-day
outcomes, including major hemorrhage, recurrent VTE, and all-cause mortality (definitions in
eMethods 2 in Supplement 1).

Data Collection
Four physician abstractors (S.G.R., M.J.B., T.A., and D.R.V.) undertook manual medical record review
after completing standardized training on data collection methods using a standardized
computerized data collection tool, as in prior retrospective cohort studies of acute PE.2 The principal
investigator (D.R.V.) answered abstraction questions throughout the study.

Statistical Analysis
We examined characteristics including demographics (age, sex, and race and ethnicity),
comorbidities, vital signs, laboratory results, and compression ultrasound results among patients
with lower-risk subsegmental PE. Race and ethnicity were included to demonstrate that the diversity
of the cohort reflects the diversity of the population of northern California and were self-reported as
American Indian or Alaska Native, Asian or Pacific Islander, Black, Hispanic or Latino, or non-Hispanic
White. We compared characteristics among 2 subcohorts: those who were ineligible and those who
were eligible for structured surveillance without anticoagulation. We present categorical data as
frequencies and proportions and continuous variables as medians (IQRs) or means (SDs). We report
binomial exact 95% CIs where appropriate. All analyses were conducted with SAS, version 9.4 (SAS
Institute Inc).

Of the lower-risk cases that underwent complete manual medical record review, we randomly
selected 20% for independent review by a second physician abstractor (S.G.R. or D.R.V.) to assess
interrater reliability. We report κ statistics and the percentage of agreement. Data analysis was
performed from November 2022 to February 2023.

Results

Study Cohort
Of the 666 outpatients with acute subsegmental PE included in this study, we examined the 229
patients with lower-risk characteristics. A total of 120 patients were men (52.4%) and 109 were
women (47.6%), with a median age of 58 (IQR, 42-68) years (Figure). With regard to race and
ethnicity, 1 patient (0.4%) self-identified as American Indian or Alaska Native, 32 (14.0%) as Asian or
Pacific Islander, 35 (15.3%) as Black, 33 (14.4%) as Hispanic or Latino, and 128 (55.9%) as
non-Hispanic White. We report their characteristics and clinical evaluation in Table 1 and Table 2.

General Patient Care
Overall, the majority of patients (172 [75.1%]) with lower-risk subsegmental PE were initially
evaluated in the ED, whereas the remaining 57 (24.9%) were initially evaluated in the clinic. Sixteen
clinic patients (28.1%) were treated without referral to the ED or hospital.30 Among the 213 patients
treated in the ED, most (142 [66.7%]) were discharged home directly from the ED; 25 ED patients
(11.7%) were admitted to a short-stay outpatient observation area (20 of whom were discharged
home from the unit) and 51 patients (23.9%) were admitted from the ED to the hospital. Treating
physicians commonly consulted specialists (140 [61.1%]) to discuss PE management, most frequently
adult hospitalists (96 of 140 [41.9%]).

Among the 229 patients in the lower-risk cohort, 223 (97.4%) received anticoagulation initially.
The most common anticoagulant prescribed was rivaroxaban (112 [50.2%]) (eTable 3 in
Supplement 1). After the initial diagnostic encounter, 173 patients (75.5%) had follow-up with their
clinicians within 7 days. In addition, 203 patients (88.6%) had follow-up with the anticoagulation
management service within 7 days.
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Table 1. Demographics and Characteristics of Patients With Lower-Risk Subsegmental Pulmonary Embolism,
Stratified by Eligibility for Structured Surveillance Without Anticoagulation

Characteristic

No. of patients (%)

Lower-risk cohort
(n = 229)

Surveillance eligibilitya

No (n = 194) Yes (n = 35)

Age, median (IQR), y 58 (42-68) 61 (46-70) 44 (34-60)

Sex

Female 109 (47.6) 89 (45.9) 20 (57.1)

Male 120 (52.4) 105 (54.1) 15 (42.9)

Race and ethnicity

American Indian or Alaska Native 1 (0.4) 1 (0.5) 0

Asian or Pacific Islander 32 (14.0) 28 (14.4) 4 (11.4)

Black 35 (15.3) 30 (15.5) 5 (14.3)

Hispanic or Latino 33 (14.4) 27 (13.9) 6 (17.1)

Non-Hispanic White 128 (55.9) 108 (55.7) 20 (57.1)

Comorbidity

Obesity (BMI >30) 103 (45.0) 89 (45.9) 14 (40.0)

Hypertension 78 (34.1) 68 (35.1) 10 (28.6)

Chronic lung disease (includes asthma) 61 (26.6) 61 (31.4) 0

Obstructive sleep apnea 40 (17.5) 33 (17.0) 7 (20.0)

Prior VTE 37 (16.2) 37 (19.1) 0

Cancer, active 22 (9.6) 22 (11.3) 0

Heart failure (diastolic or systolic) 14 (6.1) 14 (7.2) 0

Phospholipid antibody 3 (1.3) 3 (1.6) 0

Crohn disease or ulcerative colitis 3 (1.3) 3 (1.6) 0

Factor V Leiden, homozygous 1 (0.4) 1 (0.5) 0

Charlson Comorbidity Index scoreb

Mean (SD) 1.53 (2.1) 1.74 (2.1) 0.42 (1.3)

Median (IQR) 1 (0-2) 1 (0-3) 0

0 99 (43.2) 71 (36.6) 28 (80.0)

1 36 (15.7) 34 (17.5) 2 (5.7)

≥2 75 (32.8) 72 (37.1) 3 (8.6)

No measure (no visits in prior year) 19 (8.3) 17 (8.8) 2 (5.7)

VTE symptomc

Thoracic pain 162 (70.7) 137 (70.6) 25 (71.4)

Dyspnea 154 (67.2) 130 (67.0) 24 (68.6)

Extremity pain or swelling 48 (21.0) 37 (19.1) 11 (31.4)

Palpitations 11 (4.8) 8 (4.1) 3 (8.6)

Syncope or presyncope 9 (3.9) 9 (4.6) 0

Hemoptysis 7 (3.1) 7 (3.6) 0

None 2 (0.9) 2 (1.0) 0

VTE symptom duration

<48 h 96 (41.9) 77 (39.7) 19 (54.3)

≥48 h to <7 d 72 (31.4) 62 (32.0) 10 (28.6)

≥7 to <14 d 28 (12.2) 22 (11.3) 6 (17.1)

≥14 to <30 d 16 (7.0) 16 (8.2) 0

≥30 to <60 d 6 (2.6) 6 (3.1) 0

≥60 d 8 (3.5) 8 (4.1) 0

Unclear 1 (0.4) 1 (0.5) 0

(continued)
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Study Outcomes
We identified only 1 patient (0.4% [95% CI, 0.01%-2.4%]) among our lower-risk cohort who
underwent a guideline-recommended regimen of structured surveillance, receiving repeat
compression ultrasonography of the lower extremities 9 days after the index diagnosis. This patient
did not experience recurrent VTE or major hemorrhage within 90 days. The surveilled patient was
1 of 6 patients (2.6%) who were not initially anticoagulated upon discharge home (eTable 4 in
Supplement 1). Two of these patients met our modified CHEST criteria for surveillance, and none met
our enhanced criteria. Three patients who had not received anticoagulation were started on
anticoagulants upon follow-up with their respective primary care physicians, each of whom had
consulted specialists for treatment advice.15 Two patients remained without anticoagulation without
receiving surveillance imaging within 2 weeks; one of these patients was scheduled for a follow-up
CTPA, but the imaging study was not completed.

Of the 229 patients with lower-risk characteristics, 35 (15.3%) were eligible for structured
surveillance using modified CHEST criteria (eTable 1 in Supplement 1), representing 5.3% of the full
subsegmental PE cohort of 666 patients. After we applied the enhanced criteria (by adding age and
clot number limitations), only 15 patients (6.6%) with lower-risk characteristics were eligible for
surveillance, representing 2.3% of the full cohort (Table 3). We also report eligibility results in Table 3
if normal vital signs were required for structured surveillance.

Concomitant DVT, active cancer, and pregnancy are agreed on as contraindications to
surveillance for patients with subsegmental PE (eTable 2 in Supplement 1). Other modified CHEST
criteria are missing from the ongoing trials22,23; for example, the trials did not exclude from
surveillance patients whose index PE was not provoked by a reversible risk factor (eg, recent surgery)
(eTable 2 in Supplement 1). Patients with unprovoked PE, however, are at increased risk for VTE
recurrence compared with those who have a transient, reversible risk factor,39 which is why some
recommend excluding them from surveillance. We quantified the difference in surveillance eligibility
if these debated criteria were removed as surveillance exclusions (eTable 5 in Supplement 1). For
example, if patients with impaired cardiopulmonary reserve were not excluded from surveillance,
then the number of eligible case patients would increase by 17, from 35 (5.3%) to 52 (7.8%).

Table 1. Demographics and Characteristics of Patients With Lower-Risk Subsegmental Pulmonary Embolism,
Stratified by Eligibility for Structured Surveillance Without Anticoagulation (continued)

Characteristic

No. of patients (%)

Lower-risk cohort
(n = 229)

Surveillance eligibilitya

No (n = 194) Yes (n = 35)

PE Severity Index classd

I 82 (35.8) 62 (32.0) 20 (57.1)

II 58 (25.3) 51 (26.3) 7 (20.0)

III 49 (21.4) 42 (21.7) 7 (20.0)

IV 25 (10.9) 25 (12.9) 0

V 9 (3.9) 9 (4.6) 0

Unable to calculate 6 (2.6) 5 (2.6) 1 (2.9)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); PE,
pulmonary embolism; VTE, venous thromboembolism.
a Criteria definitions are presented in eTable 1 in Supplement 1.
b The Charlson Comorbidity Index is a method of categorizing comorbidities of patients. Each comorbidity category has an

associated weight, based on the adjusted risk of mortality or resource use, and the sum of all the weights results in a
single comorbidity score for a patient. A score of 0 indicates that no comorbidities were found.

c Patients often reported more than 1 VTE symptom.
d The PE Severity Index is a widely used, validated index to predict risk of 30-day all-cause mortality in patients with acute

PE. The index is composed of 11 weighted clinical variables and stratifies patients into 5 risk classes, each higher class
associated with an ascending incidence of 30-day all-cause mortality. This score was unable to be calculated for 6
patients due to a lack of results for complete vital sign variables.
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Removing all debated categories would increase the number eligible by 83, from 35 (5.3%) to 118
(17.7%) of the 666 patients with subsegmental PE.

In Tables 1 and 2, we report characteristics of patients who were and were not eligible for
structured surveillance without anticoagulation using our modified CHEST criteria. Compared with
patients who were ineligible, the surveillance-eligible group was younger, had a lower frequency of

Table 2. Vital Sign, Laboratory, and Compression Ultrasound Results for Patients With Lower-Risk
Subsegmental Pulmonary Embolism, Stratified by Eligibility for Structured Surveillance
Without Anticoagulation

Characteristic

No. of patients (%)

Lower-risk cohort
(n = 229)

Surveillance eligibilitya

No (n = 194) Yes (n = 35)
Vital signb

Systolic blood pressure, mm Hg

≥100 210 (91.7) 180 (92.8) 30 (85.7)

<100 and ≥90 13 (5.7) 9 (4.6) 4 (11.4)

Missing 6 (2.6) 5 (2.6) 1 (2.9)

Pulse, beats/min

<80 75 (32.8) 61 (31.4) 14 (40.0)

≥80 and <100 116 (50.7) 101 (52.1) 15 (42.9)

≥100 and <110 30 (13.1) 25 (12.9) 5 (14.3)

Missing 8 (3.5) 7 (3.6) 1 (2.9)

Respiratory rate, breaths/min

<24 166 (72.5) 141 (72.7) 25 (71.4)

≥24 and <30 24 (10.5) 21 (10.8) 3 (8.6)

≥30 3 (1.3) 3 (1.6) 0

Missing 36 (15.7) 29 (15.0) 7 (20.0)

Oxygen saturation, %

≥95 193 (84.3) 161 (83.0) 32 (91.4)

93-94 29 (12.7) 27 (13.9) 2 (5.7)

Missing 7 (3.1) 6 (3.1) 1 (2.9)

Laboratory value

Troponin, ng/mL

Normal (0-0.04) 183 (79.9) 153 (78.9) 30 (85.7)

Abnormal (>0.04) 8 (3.5) 8 (4.1) 0

Not measured 38 (16.6) 33 (17.0) 5 (14.3)

B-type natriuretic peptide, pg/mL

<100 78 (34.1) 66 (34.0) 12 (34.3)

≥100 < 500 21 (9.2) 20 (10.3) 1 (2.9)

≥500 4 (1.8) 4 (2.1) 0

Not measured 126 (55.0) 104 (53.6) 22 (62.9)

Deep vein thrombosis

Negative 54 (23.6) 41 (21.1) 13 (37.2)

Positive 20 (8.7) 20 (10.3) 0

Not measured 155 (67.7) 133 (68.6) 22 (62.9)

SI conversion factor: To convert troponin to μg/L,
multiply by 1.0.
a Criteria definitions are presented in eTable 1 in

Supplement 1.
b The most abnormal vital sign recorded during the

index encounter(s) in the direction in question:
lowest systolic blood pressure, highest pulse, highest
respiratory rate, or lowest oxygen saturation.

Table 3. Percentage of Patients With Acute Subsegmental Pulmonary Embolism Eligible for Structured
Surveillance Without Anticoagulation Based on Different Eligibility Criteria, Stratified by Risk Group

Surveillance eligibility criterion No. of patients

Percentage eligible by risk group
Lower-risk cohort
(n = 229)a

Full cohort
(N = 666)

1. Modified 2016 CHEST criteria 35 15.3 5.3

Restricted to age <65 y and no more than 1 embolus 15 6.6 2.3

2. Modified 2016 CHEST criteria reduced by requiring strictly
normal vital signs

13 5.7 2.0

Restricted to age <65 y and no more than 1 embolus 6 2.6 0.9

Abbreviation: CHEST, American College of Chest
Physicians.
a Criteria definitions are presented in eTable 1 in

Supplement 1.
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comorbidities, and had a greater proportion of patients with low-risk PE (classes I and II of the PE
Severity Index). The surveillance-eligible group also tended to have a higher proportion of patients
with normal vital signs and test results compared with their surveillance-ineligible counterparts. Few
patients had no VTE-related symptoms.42

Overall, at 90 days, 1 of the 229 patients (0.4%) with lower-risk characteristics had received
anticoagulants and had a nonfatal case of major hemorrhage. No patients with lower-risk
characteristics had recurrent VTE. Three patients died (1.3%) from preexisting comorbidities other
than VTE.

The κ values and percentage of agreement, respectively, were as follows: meets lower-risk
criteria (κ not calculated; 100%), number of PEs (κ = 1.0; 100%), chronic lung disease (κ = 1.0;
100.0%), maximum respiratory rate (κ = 0.90; 95.7%), and anticoagulation at index encounter
(κ = 0.94; 97.8%). κ values between 0.81 and 1.00 indicate almost perfect agreement. κ values were
not calculated for the variable meets lower-risk criteria because the 2 raters assigned every patient
the “yes” value.

Discussion

In this retrospective cohort study of community hospitals in the Kaiser Permanente Northern
California integrated health system, we observed that the prevalence of structured surveillance
without anticoagulation for outpatients with lower-risk acute subsegmental PE over 5 years was
remarkably low (<1%).15 These findings suggest that there was almost no effect on surveillance
practices attributable to the CHEST guideline in this large US health care system—a system that is
conducive to structured surveillance, with ready access to VTE imaging, specialty consultation, and
timely primary care follow-up.2,3,28,38,43

Reasons for the limited uptake are likely multifactorial. To start, the exclusion criteria are
extensive, making the pool of eligible patients small, as we observed. This alone would make
implementation of the guideline recommendations challenging without a system-based strategy of
implementation, such as a clinical decision support tool integrated with the electronic health record.3

In addition, specialty recommendations may be unfamiliar to primary care and emergency medicine
clinicians who diagnose most cases of outpatient subsegmental PE in the US. Our 1 case of structured
surveillance illustrates this point, as the medical decision-making was undertaken by a
pulmonologist, not a generalist. Moreover, surveillance contravenes the long-established convention
of anticoagulating PE unless contraindicated. Well-established practice patterns can be difficult to
overturn, as attested by the slow and sporadic uptake of outpatient PE management in the US.44,45

If forthcoming trials of structured surveillance without anticoagulation support the practice among a
select cohort of outpatients, a concerted effort will be needed to translate the science of surveillance
into routine clinical practice.3,38

We estimated that few outpatients (35 [5.3%]) with acute subsegmental PE in this study would
have been eligible for structural surveillance without anticoagulation using our modified CHEST
criteria. The proportion eligible for surveillance diminished further when age and clot number criteria
were also required. We estimated that removing these enhanced restrictions as well as the debated
elements of our modified CHEST criteria would have increased the percentage to 17.7%.

In the larger PE population, subsegmental cases are relatively uncommon (approximately 8%).
From our results, we estimated that only 2% to 18% of subsegmental cases would meet criteria for
structured surveillance. If these 2 prevalence estimates were combined, only a small fraction (<2%)
of all outpatients with acute PE would be surveillance eligible. Furthermore, the complexity of the
CHEST surveillance eligibility criteria paired with ensuring timely follow-up imaging would make it
difficult for many primary care and emergency medicine clinicians to identify and apply structured
surveillance in practice. Based on the current literature, we think it prudent to treat patients with
subsegmental PE like those with a more proximal PE: anticoagulate unless contraindicated. However,
we recognize that certain patient subpopulations (eg, athletes who participate in contact or extreme
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sports) may be at higher risk of bleeding complications from anticoagulation and might benefit from
structured surveillance without anticoagulation. Particularly in these select situations, a patient-
tailored approach grounded in shared decision-making of risks, benefits, and patient preferences is
warranted.

Comparison of the proportion of patients with acute subsegmental PE who we identified as
eligible for structured surveillance with other studies is difficult. The few studies that used a protocol
to identify surveillance-eligible patients did not report sufficient detail about their excluded
population to allow comparison.21,46 For example, our most common exclusion (in one-third of
patients) was for concomitant diagnoses that required inpatient care (eg, severe COVID-19
pneumonia or decompensated heart failure). Such patients were not assessed for study eligibility in
the SSPE study, as they could not have been transferred safely from the ED to the thrombosis clinic
for treatment, which was required by the protocol.21

Limitations
This study has limitations inherent to its retrospective nature, which we attempted to mitigate by
adhering to established guidelines for medical record review–based studies.47,48 Physician
abstractors, however, were not blinded to patient variables when identifying study outcomes, which
is a possible source of bias. Our method of case ascertainment was incomplete, as it depended on
radiology CTPA reports, which do not always document the location of PEs that are confined to the
subsegmental arteries.2 Our approach to surveillance was conservative. The proportion of eligible
patients will vary as criteria change, as we observed. Our sample size was limited to a 5-year period,
given resource constraints. Because the study population comprised only northern California
residents, the results of this study may not be generalizable to other locations and practice settings.

Conclusions

In this cohort study of lower-risk outpatients with subsegmental PE, we observed that the 2016
CHEST recommendation for structured surveillance without anticoagulation was rarely used over the
subsequent 5 years. This study was conducted in a health care setting conducive to structured
surveillance, with ready access to VTE imaging, specialty consultation, and timely follow-up with
primary care. We also observed that our modified CHEST criteria for structured surveillance would
have identified only a small proportion of outpatients with subsegmental PE who were eligible for
surveillance. Although trials are ongoing to define which patients with subsegmental PE can safely
undergo surveillance, widespread uptake of any new surveillance practice will require more than
passive diffusion.
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