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Topics – Pulmonary Embolism (PE)

• Pathophysiology

• Risk stratification

• Treatment in the acute phase

Case review
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증례 1

F/75

C/C:

-dyspnea, NYHA II (onset: 3 weeks ago)

Brief Hx: 

-3주 전부터 시작된 호흡곤란 발생, 1주전부터 악화

-심장내과 외래 통해 일반병실로 당일 입원

-입원 후 저산소성 호흡부전으로 입원 3시간 만에 중환자실로 전동





Lab Findings

ABGA: 7.31 – 27.9 – 62.0 – 14.1

Lactate: 5.5 [0.7 – 2.5]

D-dimer: 978 [0 – 250]

BNP: 2821.0 [0 – 100]

CK-MB 6.2 [0.3 – 4]

TnI: 0.42 [0 – 0.04]



EKG



일반 병실에서의 경과

15:00 혈압 100/50, 심박수 96, 호흡수 44, 체온 36.6, 산소포화도 77%

15:40 혈압 70/50, 심박수 100, 호흡수 32

O2: nasal prong  reservoir bag 15 L/min

Dobutamine, NTG

18:00 ICU로 전동



ICU에서의 경과

18:15 Portable TTE

18:25 Intubation, NS 1 L  full drip

18:30 Heparin (LMWH)

18:32 HR 65까지 감소, Atropine 1@

18:40 Systolic BP 70, Chest CT 보류, NS 1 L full drip

18:53 BP 80/50, SpO2 86%

19:13 CT실로 이송, Epinephrine prep.
CT 촬영 중에 arrest (조영제가 압력이 높아 주입 x)





PE Pt List



Pathophysiology of PE

Hemodynamic compromise

“RV failure“

– the main driver of mortality

2019 ESC Guidelines

A vast spectrum of clinical presentation

Asymptomatic~Hypotension

Shock

Sudden cardiac arrest



To Reduce Mortality 
associated with PE

• PE related mortality 

• 19.4 ~ 32.3 / 100,000 individual

• In-hostpital mortality 7%

• Mortality 33% (22-65%) in patients with hemodynamic 

compromise including cardiac arrest

• Occuring suddenly or before therapy can be initiated!!!

J. Clin. Med. 2024, 13, 257



To Reduce Mortality 
associated with PE

• Ealry diagnosis for hemodynamic compromise

• D-dimer  CT: not feasible

• Echocardiography (point-of-care) to detect acute cor pulmonale

• Accurate risk assessment at initial diagnosis to guide 

appropriate treatment



AJR 2008; 190:1599–1604

Clot burden ∝ PE outcome



Risk Stratification



Nomenclature – “Hemodynamic“

2019 ERS/ESC guideline

• High-risk

• Intermediate-risk

• Intermediate-high

• Intermediate-low

• Low-risk

2011 AHA guideline

• Massive

• Submassive

• Low-risk



Expected Prevalence 
and Short-term Mortality in PE

Eur Respir J 2015; 45: 1142–1149

Hemodynamic

RV dysfunction

Troponin



Classification of PE Severity (Risk Assessment)
– the Risk of Early (in-hospital or 30 day) Death

2019 ESC Guidelines



Indicator of Risk:
“Hemodynamic Instability”

2019 ESC Guidelines



Indicator of Risk:
“Pulmonary Embolism Severity Index (PESI)”

2019 ESC Guidelines



Indicator of Risk:
“RV Pressure Overload” – TTE

2019 ESC Guidelines



Point-Of-Care UltraSound (POCUS)

• Hypotension/Shock/Arrest

• Dyspnea/Hypoxemia or Hypoxia

• 3 Es

• Ejection fraction (EF)

• Effusion (tamponade)

• Equality (embolism)



“Equality” – Four Chamber View in TTE

LV
RV

LA
RA

N Engl J Med 2010; 363:266-274









McConnell’s Sign

Akinesia 
of the mid-free wall

Normal motion 
of the apex

Sensitivity 77%
Specificity 94%

Cf. Primary pulmonary HTN
 Abnormal motion of all regions of the RV Am J Cardiol. 1996; 78: 469–473.



Indicator of Risk:
“RV Pressure Overload – CTPA”

N Engl J Med 2010; 363:266-274

RV / LV > 1.0
Echocardiograpy

RV / LV > 1.0
CT



Management of

High-Risk PE 



Management of High-Risk PE 

•Hemodynamic support

• Reperfusion therapy



Hemodynamic Support in the Acute Phase
– RV Failure in High-Risk PE

2019 ESC Guidelines

CVP 15 mmHg



Reperfusion Therapy

• Standard-dose systemic thrombolysis

• Half-dose systemic thrombolysis

• Surgical embolectomy

• Catheter-directed approaches

• Catheter-directed thrombolysis

• Catheter-based embolectomy



Reperfusion Therapy
–Thrombolysis

2019 ESC Guidelines

<65 yr, 1.4 mg/kg (Min. 50 mg ~ Max. 100mg)
≥65 yr, 1.0 mg/kg (Max: 70 mg)



2019 ESC Guidelines

CT – not feasible

2 L
조영제가
안 들어감

증례 1 Review



증례 2

M/86

C/C:

general weakness, nausea

Brief Hx: 

1주 전부터 nocturia로 비뇨기과에서 minirin 복용 시작, hyponatremia로 신장내과 입원



HD #9 – Cardiac Arrest





Lt ventricle

Rt ventricle

Lt atrium

Rt atrium

Normal RV: LV = 0.6: 1.0

RV dilatation, RV > LV



Rt ventricle

Lt ventricle

RV dilatation, “D”-shaped LV



Lab Findings

• ABGA: 7.32 – 39.4 – 58.6 – 20.6

• Lactate: 4.8 [0.7 – 2.5]

• D-dimer: >69,000 [0 – 250]

• CK-MB: 1.2 [0.3 – 4], TnI: 0.04 [0 – 0.04]

• EKG: sinus tachycardia



ICU Course

• Volume optimization: 0.9% NS 250 mL

• Norepinephrine

• Unfractionated heparin

• CT 촬영 및 thrombolysis 계획 중, 보호자 연명치료 모두 거부하

여 사망



2019 ESC Guidelines

증례 2 Review



증례 3

F/68

C/C:

dyspnea

Brief Hx:

광양에서 구리시 집까지 쉬지 않고 4시간 가량 운전해서 왔다고 함. 이후 호흡곤란, 

의식 저하, 119 신고, ER 도착 후 arrest로 CPR







Hospital Course

응급실에서 반복적인 arrest, CPR, ROSC 반복됨. 

POCUS: RV dilatation 보여 촬영한 chest CT에서 massive pulmonary embolism 확

인되어 tPA 50 mg 2차례 IV

ROSC 되었으나 심한 저혈압, 혼수상태 보이면서 중환자실 입실함.

중환자실에서 anoxic brain damage 소견

Norepinephrine, dobutamine, epinephrine으로도 혈압 유지되지 않아 다음 날 사

망



2019 ESC Guidelines

증례 3 Review



증례 4

F/41

C/C:

산부인과 교수님  아침 일찍 다급한 전화 (혈압이 떨어진다)

0  100 km/hr
3.3 sec





rtPA 50 mg
(half dose)





하루 지나고 나서…



2019 ESC Guidelines

증례 4 Review





High-risk pulmonary embolism in the intensive care unit. 
Intensive Care Med (2023)



Management of

Intermediate-High Risk PE



2019 ESC Guidelines

Hemodynamic collapse (-) 

RV dysfunction (+)
Troponin (+)

Close monitoring

If “deterioration”,
 reperfusion

시점 결정이 쉽지 않음



증례 5

F/73

C/C: dyspnea

Brief Hx: 집에서 4륜 오토바이 타고 가다 넘어져서 요즘 많이 누워지내던 중 호흡곤란 발생

하여 응급실 통해 입원

V/S: 135/73 mmHg – 96 /min – 20 /min – 36.4 ℃







TnI 0.103 (+)

GW admission

LMWH



HD #2 – Aggravation of Dyspnea

rtPA 60 mg



증례 6

M/20

C/C: dyspnea

Brief Hx: 내원 당일 갑자기 숨 쉬기 힘들다고 하여 응급실 방문

V/S: 119/80 mmHg – 117 /min– 18 /min – 36.2 ℃



ER record

15:13 환자 응급의료센터 내원함

16:08 D-dimer 2864 [0 – 250]

TnI 0.055 [0 – 0.029]

16:33 CT 촬영함







ER record

15:13 환자 응급의료센터 내원함

16:08 D-dimer 2864 [0 – 250]

TnI 0.055 [0 – 0.029]

16:33 CT 촬영함

17:27 Enoxaparin 60 mg SC

19:57 ICU 입원 대기 중 cardiac arrest

20:24 rtPA 100 mg

20:48 ROSC – Arrest 반복, ROSC 유지되기 시작

21:42 V/S: 82/60 mmHg – 128 /min, ICU adm 후 VA ECMO



증례 6의 교훈

RV Dysfunction to Deterioration

DTD 이론

Down Team is Down



증례 7

F/22

C/C: syncope

Hx: 하지 인대 파열, splint

119 SBP 70 mmHg  ER BP 108/88 mmHg, Alert





증례 7

Body weight: 55 kg



<65 yr, 1.4 mg/kg (Min. 50 mg ~ Max. 100mg)

≥65 yr, 1.0 mg/kg (Max: 70 mg)

Concern major bleeding (eg. ICH)



Role of Thrombolysis 
in Intermediate-Risk PE

• To prevent clinical decline in patients whom treated with 

anticoagulation alone (impending hemodynamic compromise)

• PEITHO trial (tenecteplase vs. tenecteplase + anticoagulation)

• Less hemodynamic collapse, but more frequent bleeding

• MOPETT trial

• Low dose rtPA: no difference for death

J. Clin. Med. 2024, 13, 257



2019 ESC Guidelines



Intermediate-risk PE

• Still representative of a large and diverse patient group

• Heterogeous nature

• Serologic biomarkers and imaging modalities

• Debate on the optimal care

J. Clin. Med. 2024, 13, 257



J. Clin. Med. 2024, 13, 257



Multidisciplinary Teams: the PERTs

The high complexity, mortality risk, and evolving nature of 

available therapies with intermediate-risk PE

Pulmonary Embolism Response Teams

2019 ESC Guidelines



PERT

• Pulmonary critical care

• Interventional cardiology

• Cardiac surgery

• Interventional radiology

• Catheter-directed therapies



PERT

• Short time-to-therapeutic anticoagulation

• Decrease in ICU length of stay

• Reduced bleeding rates

• Decreased utilization of IVC filter

• May reduced PE-related mortality

J. Clin. Med. 2024, 13, 257



증례 8

F/78

ICH

NS  RE

HD #25











PERT (?)

• Intensivist, RRT: LMWH, consult to CV, ICU 자리 준비

• NS: contraindication of thrombolysis

• CV: catheter-based therapy (thrombectomy), prn IVC filter







마무리

• High-risk PE

• Hemodynamic instability 환자: POCUS로 PE 여부를 감별

• Hemodynamic support로 가능하다면 CTPA

• Fluid optimization, Norpeinephrine, VA ECMO

• Reperfusion therapy

• Thrombolysis (half ~ standard), Catheter-base therapies, Surgery



마무리

• Intermediate high-risk PE

• Risk stratification: Hemodynamic, RV dysfunction, Troponin, PESI

• 환자의 hemodynamic collapse는 종종 급격히 진행된다!

• RV dysfunction은 정량화하기 어려우나 high risk PE로 전환될 가능성

이 매우 높다.

• PERT, catheter-directed therapies가 항상 가능하면 좋겠으나 나이/체

중/기저질환을 고려한 thrombolysis도 괜찮은 선택이다.


