Purpose of pulmonary CTA

* to diagnose PE
* to help risk stratify (RV/LV ratio)

Table 9 Classification of patients with acute PE based on early mortality risk

PESI class 1V Signs of RV Cardiac laboratory

or sPESI >1= dysfunction on an biomarkerss
imaging test

Intermediate=high Both positive

Either one (or none) positive®

Intermediate-low

Assessment optional; if assessed,
both negative®

PE = pulmonary embolism; PESI = Pulmonary embolism severity indexg RV = right ventricular; sPES| = simplified Pulmonary embeolism severity index

*PESI Class Il to V indicates moderate to very high 30-day mortality risk; sPES| =1 point(s) indicate high 30-day mortality risk.
®Echocardiographic criteria of RV dysfunction include RV dilation and/or an increased end-diastolic RV—LV diameter ratio (in most studies, the reported threshold value was 0.9 or

1.0); hypokinesia of the free RV wall; increased velocity of the tricuspid regurgitation jet; or combinations of the above. On computed tomographic (CT) angicgraphy (four-chamber
views of the heart), RV dysfunction is defined as an increased end-diastolic RV/LY (left ventricular) diameter ratio (with a threshold of 0.9 or 1.0).

from Reference 5



Ventricular Diameter Measurement

Maximum distance between
ventricular endocardium and
interventricular septum

Perpendicular to long axis of heart

Near base of heart, i.e. near plane
of mitral and tricuspid valves

Maximum dimension of RV and LV
may be at different levels, i.e. not
on the same image

Image from Reference 2



What is Acute RV Strain?

= Acute right heart dysfunction

— Acute obstruction from PE Pulm Embolism

!

, PA Vascular Resistance
— RV’s only response from

acute pressure overload is to l
. I RV Afterload
dilate

!

RV Dysfunction ,
— RV cann Ot Su d d en |y InCrease Ghaye B, Radiographics 2006;26: 23-40.

contractility (inotropy)

— Acute systolic dysfunction



Vicious cycle if severe PA obstruction & RV dysfunction
untreated, leading to hemodynamic collapse:

r RV Dysfunction 1

Ischemia

I IRV Volume
lLV Output l
ILV Profoud L Septal Bowing

L JLV Distensibility J

Ghaye B, Radiographics 2006;26: 23-40.

Increased RV afterload

v RV dilatation

TV insufficiency
RV wall tension T

RV O, delivery l
RV coronary l

perfusion Neyrohormonal
activation
Systemic BP l Myocardial
inflammation
Low CO RV O, demand T
LV pre-load ,I_ RV ischaemia
RV output ,L RV contractility ,l,

BP = blood pressure; CO = cardiac output; LV = left ventricular; RV = right
ventricular; TV = tricuspid valve.

from Reference 5




RV/LV ratio

* RV/LV ratio cutoff >0.9 for mortality risk: More sensitive & less specific

* RV/LV ratio cutoff >1.0 for mortality risk: Less sensitive & more specific

Table 8 Imaging and laboratory tests® for prediction of early® mortality in acute PE

NPY,

PPY,

% o OR or HR No.
(95% CI) (95% CI) (95%CI)  (95% CI) (95%CI)  patients
Various
Echocardiography | criteria of RV | 74 (61-84) | 54 (51-56) » 8 (6—10) 24 1249 Meta—m
) (96-99) (1.3-4.3) analysis
dysfunction
93 1.5 Meta-
RVILV 1.0 | 46 (27-66) | 59 (54-64) (89-96) 8 (5-14) (0.7-3.4) 383 analysis2
cT
angiography
97 28 Prospective
RYILY =0.9 | 84 (65-94) | 35 (30-39) (94-99) 7 (5-10) (0.9-82) 457 cohort®

BY dysfunction on
echocardiography
or CT was one
of the inclusion
criteria in two
randomized trials
investigating
thrombolysis in
normotensive

patients with
PE.EL 153

from Reference 5




Change in RV/LV ratio improves specificity

= Next PE-CTA
' ’ on same
n . ¢ patient
No PE + PE
RV/LV ratio 0.90 RV/LV ratio 1.18 =31%1

Table 2

Specificity, NPV, PPV, and Hazard Ratios of the Interval Increase and the RV/LV
Diameter Ratio for 30-day PE-related Mortality

Calculation Interval Increase RV/LV Diameter Ratio P Value
Specificity 0.93 0.59 .001
NPV 0.95 0.92 .36
PPV 0.70 0.29 .002
Images and Hazard ratio 19 42 05
table from
Reference 1 Note.—This comparison was made at a fixed sensitivity of 0.78, corresponding to an interval increase of more than 18% and

an RV/LV diameter ratio of more than 1.0.



Non-specific findings of right heart strain
that may accompany T"RV/LV ratio:

* interventricular septum flattening or bowing
(towards LV chamber)

* venous contrast reflux & dilatation:
—1VC, +/- hepatic veins
— (azygous venous system)
— (coronary sinus)



When in doubt...

* Unsure about PE burden (large vs moderate), but T"RV/LV
ratio, or uncertain if there’s acute R heart strain?

— Suggest an echocardiogram

* Echocardiogram
— Most patients have at least trace tricuspid regurgitation

— Velocity of regurgitant blood flow can be used to
estimate right heart pressure

— TAPSE (tricuspid annular plane systolic excursion) used
to estimate ejection fraction

— No radiation or IV contrast needed



CTA PE reporting template

You will not see
the text in red;
this is how the
template appears
in PowerScribe
AutoText Editor

EXAMINATION: CTA chest for pulmonary arteries
CLINICAL HISTORY: [Reason For Study]

TECHNIQUE: [Thickness| mm thick axial contiguous sections were obtained through the chest
via helical acquisition after the intravenous administration of [\/olume] cc of [Contras Thin-section
reconstructions as well as coronal and sagittal MIP reformatted images were generated to aid in
evaluation.

COMPARISON: [Comparisor]

FINDINGS:
Pulmonary atteries:[filling defecte]

If severe/large/central pulmonary embolism burden present:

RV diameter: RV diamete] mm

LV diameter: [LV diamete] mm

RVILV ratio: RV LV ratid

Ancillary findings:

Interventricular septum flattening or bowing: [Interventricular septum:Present/Absent/N/A]
Venous contrast reflux: [Venous contrast reflux:IVC/IVC and hepatic veins/N/A]

Other cardiovascular structures: kardiovascular]

Pulmonary parenchyma: [Parenchyma]
Airways: Airway

Pleura: [Pleur

Lymph nodes:Lympr']

Other mediastinal structures: !\/Iediastinun‘]
Upper abdomen: [Upper Abdomer]
Skeletal structures: [Skeletal

IMPRESSION:
impression:No pulmonary embolism identified./Critical finding: Severe/large/central pulmonary
embolism burden with CT findings for right heart strain. Recommend consultation with on-call

Acute PE Team member to assist in management and treatment decisions



CTA PE reporting template
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This is how the Reoson For sudy EXAMINATION: CTA chest for puimonary arteries
= lume
template will
e e O CLINICAL HISTORY:[ |
filling defects
RV di t
d ppea r When you Lvm:ﬂn:;:: TECHNIQUE: [3] mm thick axial contiguous sections were obtained through
are dictatin g et ar ceptum the chest via helical acquisition after the intravenous administration of[ | cc
: Vet et RN of [omnipaque-350. Thin-section reconstructions as well as coronal and
Parenchyma sagittal MIP reformatted images were generated to aid in evaluation.
Peurs
Lymph COMPARISON: [Nong]
Mediastinum
Upper Abdomen
keletal .
ool FINDINGS:

Pulmonary arteries:[No pulmonary arterial filling defects.]

If severe/large/central pulmonary embolism burden present:
RV diameter: [N/Afmm

LV diameter: [N/AJmm

RVI/LV ratio: [N/A

Ancillary findings:

Interventricular septum flattening or bowing: [N/A]

Venous contrast reflux: [N/4]

Other cardiovascular structures: [No significant findings

Pulmonary parenchyma: [No significant ﬁndings.]
Airways: [No significant findings]

Pleura: [No significant findings]

Lymph nodes]{No significant findings.]

Other mediastinal structures: [No significant findings]
Upper abdomen: [No significant findings]

Skeletal structures: [No significant findings]

IMPRESSION:

No pulmonary embolism identified]
Enter Findings Mode




CTA PE reporting template

Pick list choices
for IV septum
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Spabiiasd EXAMINATION: CTA chest for puimonary arteries
Volume
Comprison CLINICAL HISTORY: [ ]
filling defects
RV diameter & 2 5 . .
o e TECHNIQUE: [ mm thick axial contiguous sections were obtained through
ratio

Venous contrast reflux
cardiovascular
Parenchyma

Airways

Pleura

Lymph

Mediastinum

Upper Abdomen
Skeletal

impression

Pick List Choices
Present

* |Absent
/A

Enter Findings Mode

COMPARISON: [Nong

FINDINGS:

RV diameter: [N/Almm
LV diameter: [N/Almm
RVILV ratio: [N/A
Ancillary findings:

Venous contrast reflux: [N/4]

Pleura: [No significant findings]

IMPRESSION:

INo pulmonary embolism identified]

the chest via helical acquisition after the intravenous administration of
of [omnipaque-350 Thin-section reconstructions as well as coronal and
sagittal MIP reformatted images were generated to aid in evaluation.

Pulmonary arteries:[No pulmonary arterial filling defects.]

If severe/large/central pumonary embolism burden present:

Interventricular septum flattening or bowing:

Other cardiovascular structures: [No significant findings]

Pulmonary parenchyma: [No significant findings.]
Airways: [No significant findings]

Lymph nodesiNo significant findings.]

Other mediastinal structures: [No significant findings]
Upper abdomen: [No significant findings]

Skeletal structures: [No significant findings)

Jce



CTA PE reporting template

Pick list choices
for venous
contrast reflux
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Reason For Study

Contrast

Comparison

filling defects

RV diameter

LV diameter

RV LV ratio
Interventricular septum
Venous contrast reflux
cardiovascular
Parenchyma

Airways

Pleura

Lymph

Mediastinum

Upper Abdomen
Skeletal

impression

Pick List Choices

e
IVC and hepatic veins
N/A

Enter Findings Mode

Report - WELCH, MARY L - 7657581

EXAMINATION: CTA chest for pulmonary arteries
CLINICAL HISTORY:| |

TECHNIQUE: [3] mm thick axial contiguous sections were obtained through
the chest via helical acquisition after the intravenous administration of[ ..... ] cc

of [omnipaque-350. Thin-section reconstructions as well as coronal and
sagittal MIP reformatted images were generated to aid in evaluation.

COMPARISON: [Nong]

FINDINGS:
Pulmonary arteries]No pulmonary arterial filing defects]

If severe/large/central pulmonary embolism burden present:
RV diameter: [N/Almm

LV diameter: [N/AJ/mm

RVILV ratio: [N/A

Ancillary findings:

Interventricular septum flattening or bowing: [N/A

Venous contrast reflux:

Other cardiovascular structures: [No significant findings]

Pulmonary parenchyma: [No significant findings_]
Airways: [No significant findings]

Pleura: [No significant findings]

Lymph nodesiNo significant findings]

Other mediastinal structures: [No significant findings)
Upper abdomen: [No significant findings ]

Skeletal structures: [No significant findings]

IMPRESSION:
INo pulmonary embolism identified]




CTA PE reporting template

Pick list choices for
Impression.

If neither choice applies,
override the pick list
choices with straight |
dictation.

If critical finding selected, don’t
forget to also add
communication documentation |
to ordering provider. You do NOT
need to call PE response team.
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R For Stud - i
o oy EXAMINATION: CTA chest for pulmonary arteries
Volume
Compars CLINICAL HISTORY: [ |
filling defects
RV diameter z Z 3 9 i
e TECHNIQUE: [3 mm thick axial contiguous sections were obtained through
ratio

Interventricular septum
Venous contrast reflux
cardiovascular

the chest via helical acquisition after the intravenous administration of [ ] cc

of [omnipaque-350] Thin-section reconstructions as well as coronal and

Farenchyma sagittal MIP reformatted images were generated to aid in evaluation.

i

Lymph COMPARISON: [Nong]

Mediastinum

Upper Abdomen

FINDINGS:
Pulmonary arteries:[No pulmonary arterial filling defects.]
If severe/large/central pulmonary embolism burden present:
RV diameter: [N/Al/mm

e— ‘L / diameter: N/AJmm

Pick List Choices

No pulmonary embolism identified.

B/ eroperties

Critical finding: Severe/large/central pulmonary emboli

RVILV ratio: [N/A

Acillary findings:

Irterventricular septum flattening or bowing: [N/A]
\/2nous contrast reflux: [N/A]

Other cardiovascular structures: [No significant findings ]

Pulmonary parenchyma: [No significant findings]
Airways: [No significant findings]

Pleura: [No significant findings]

Lymph nodesiNo significant findings.]

Other mediastinal structures: [No significant findings]
Upper abdomen: [No significant findings]

Skeletal structures: [No significant findings]

4 IMPRESSION:

Critical finding: Severe/large/central pulmonary embolism burden with CT |
findings for right heart strain. Recommend consultation with on-call Acute PE
Team member to assist in management and treatment decisions ]

Fields (20)

1o | motes

Il Attachments
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Summary

Look for severe PE (e.g. large PE burden, central saddle embolus)

If severe PE present, then measure RV & LV diameters (may be on
different image slices) and calculate RV/LV ratio

If severe PE + PRV/LV ratio (>0.90):

— “Critical finding. Severe PE burden and CT findings suggestive of
right heart strain.”

* [Critical finding = Phone call ordering provider.]

— “Recommend consultation with on-call Acute PE team member to
assist in management and treatment decisions.”

* [You are not expected to call PE response team on-call staff. Ordering provider
should call operator.]

Uncertain/borderline severe PE +/- I RV/LV ratio:
— Suggest echocardiogram



ACute Evaluation and Treatment
of Pulmonary Embolism (ACE-PE) Team

= DHMC’s pulmonary embolism response team name

 Members from Interventional Cardiology, Critical Care, Emergency
Medicine, Pulmonary Medicine, others

* Dr. Percarpio is Interventional Radiology representative

* One person from team is on-call each day (see Amion)

“Go Live” for PE response
team & default PE dictation
template: Monday 4/17/17
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