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We describe a 42-year-old man presenting to the emergency department with cardiogenic shock. He had a prior history of acute
pulmonary embolism (PE), and had been on anticoagulation for 2 years. Although computed tomographic pulmonary angiogra-
phy performed at the emergency department showed no change in the extent of PE and did not support a role of surgical treat-
ment, pulmonary embolectomy was recommended by attending physician based on clinical and echocardiographic hemodynam-
ic findings like unstable vital sign and markedly enlarged right ventricle with severely depressed systolic function. Surgery
confirmed the presence of fresh thrombi. After surgery, hemodynamic status was progressively improved, but the patient died

due to pneumonia and pulmonary hemorrhage.
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INTRODUCTION

Pulmonary embolism (PE) is a relatively common cardiovas-
cular emergency, and is associated with a high mortality.” In
this respect, early diagnosis of PE is clinically important. Be-
cause of the variable and nonspecific clinical presentations of PE,
a diagnostic testing like computed tomographic pulmonary an-
giography (CTPA) is necessary to diagnose and determine the
extent of disease. However, we sometimes experience a patient
with a significant discrepancy between clinical findings and
CTPA results. Here, we describe a patient with PE, in whom
CTPA did not suggest the therapeutic role of surgical embolec-
tomy. Notwithstanding, based on the clinical and echocardio-
graphic judgment, the patient was referred to surgery, resulting
in a progressive, hemodynamic improvement postoperatively.

CASE

A 42-year-old man presented to the emergency department
with recently aggravated severe dyspnea. The patient had been
treated for Crohn’s disease. He experienced acute PE 2 years
ago and thereafter had been on warfarin, with a target INR of

2.0 to 3.0. The last follow-up CTPA that had been conducted
7 weeks before revealed a decreased extent of eccentric filling
defects in descending braches of both pulmonary arteries, which
was improved compared to the initial exam (Fig. 1A). Con-
comitant baseline echocardiography revealed mildly to mod-
erately depressed right ventricular (RV) systolic function, mild
tricuspid regurgitation (TR) and pulmonary hypertension
with estimated systolic pulmonary arterial pressure of 62 mm
Hg. The patient was alert and well oriented. His blood pressure
was 81/70 mm Hg, pulse 89 bpm, respiration rate 40 breaths
per minute, and body temperature 36.0°C with oxygen satu-
ration of 819% on room air. Serum level of cardiac enzymes was
within normal ranges, but BNP was elevated at 396 pg/mL,
and D-dimer was also elevated at 1,940 ng/mL. Serum level of
hsCRP was within normal range. PT INR was 5.19. Initial
arterial blood gas analysis showed combined metabolic acido-
sis and respiratory alkalosis (pH 7.237, pCO: 12.8 mm Hg,
HCO; 9.6 mmol/L) and PaO: of 126 mm Hg with supple-
mental oxygen at 10 liters/min via a partial rebreathing mask.
Shortly after arrival at emergency department, he collapsed.
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Mechanical ventilation support for respiratory failure was ini-
tiated. Due to high clinical suspicion of acute PE, CTPA with
venous phase imaging of lower extremities was conducted.
But CTPA did not demonstrate any interval change in the ex-
tent of pre-existing chronic PE (Fig. 1B), and CT venography
also did not demonstrate a source of pulmonary embolism.
There was no lung parenchymal lesion which could explain
the patient’s acute respiratory failure. However, echocardiogra-
phy revealed an increased RV size with severely depressed RV
systolic function (Fig. 2A) in relation to D-shaped left ventri-
cle (arrows in Fig. 2B), indicative of hemodynamically signifi-
cant pulmonary hypertension and RV failure. Moderate TR
was found with maximal velocity of TR jet of 3.58 m/sec, cor-
responding to an estimated systolic pulmonary arterial pres-
sure of 71 mm Hg with an assumption of RA pressure of 20
mm Hg (Fig. 2C). Because of refractory respiratory failure un-
responsive to maximum medical management, he was subse-
quently connected to a venovenous extracorporeal membrane
oxygenation system in medical intensive care unit. Although
CTPA did not support the role of surgical intervention, pul-
monary embolectomy under cardiopulmonary bypass was per-
formed on the third hospital day with a high probability of
hemodynamically significant acute PE, based on clinical and
echocardiographic findings. In the operating room, both pul-
monary arteries were extensively inspected, and a large amount
of organized thrombi with fresh thrombi were found in right
and left pulmonary arteries extending to the segmental artery
levels. The thrombi were removed successfully (Fig. 3) with-

out unexpected events.

His hemodynamic parameters had progressively improved
over the following 2 days, with a significant reduction in sys-
tolic pulmonary artery pressure to 40 mm Hg on invasive mon-
itoring. The serial echocardiography also revealed improve-
ments in RV systolic dysfunction (Fig. 2D) and the degree of
interventricular septal flattening (Fig. 2E). However, pulmo-
nary hemorrhage and ventilator associated pneumonia devel-
oped and he finally passed away on the 43rd postoperative day.

DISCUSSION

Since the first introduction of multi-detector CT, CTPA has
become the method of choice for the diagnosis of suspected
acute PE in everyday clinical practice.? In hemodynamically
unstable patients with acute PE, CTPA is strongly recommend-
ed because of its high sensitivity for detecting ‘fresh’ emboli in
“large” pulmonary artery branches.” However, there are two
points that we should keep in mind in this setting. First, the
predictive value of CTPA depends on the pretest probability
of PE. Stein et al.” have reported that in patients with a high
pretest probability of PE, as assessed by the Wells score,” a
negative CTPA result had a low (60%) negative predictive
value for PE, highlighting that clinical finding should be con-
sidered a high priority over CTPA findings in therapeutic de-
cision-making. Second, in the setting of acute thromboembol-
ic event on top of chronic PE, CTPA can underestimate the
distribution of pulmonary emboli in the pulmonary branches.
This is especially true when the emboli are linearly located
along the pulmonary arterial wall or at the subsegmental ar-
tery level despite use of multi-detector CTPA.” In addition,

Fig. 1. A: Baseline computed tomographic pulmona angiography (CTPA) performed 7 weeks before te index iit to mergency department (ED).

Transverse sections show chronic pulmonary embolism (PE) with eccentric filling defects (white arrows) in the right descending pulmonary artery and
segmental artery of the right lower lobe. Multiple focal filling defects (arrowheads) are also seen in subsegmental arteries of the right lower and left
lower lobes. B: CTPA performed immediately after the ED visit. No definite interval change is seen in the extent of pre-existing chronic PE.
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Fig. 2. A: Modified apical four-chamber view of the transthoracic echocardiography shows an enlarged right ventricular (RV) cavity with depressed

RV systolic function. B: Parasternal short-axis view demonstrates an enlarged RV with flattening of the interventricular septum deviated to the left
ventricle (white arrows). C: Tricuspid regurgitant jet with a maximum velocity of 3.58 m/sec. RA pressure was assumed to be 20 mmHg based on
inferior vena cava response to respiration, resulting in an estimated pulmonary arterial systolic pressure of 71 mm Hg. D: Follow-up echocardiography
performed on the 6th postoperative day shows improved RV systolic function and (E) improved degree of interventricular septal flattening (arrow).

RLL

R+ LAs

Fig. 3. Surgical specimen of pulmonary embolectomy. Whitish-yellow
organized thromboemboli with fresh red thrombi are clearly shown.
RPA: right pulmonary artery, RUL: right upper lobe, RML: right middle
lobe, RLL: right lower lobe, LPA: left pulmonary artery, LUL: left upper
lobe, LLL: left lower lobe.

we suggest based on this case that in-situ thrombosis occur-
ring slowly on chronic thromboemboli is difficult to detect
with CTPA. As shown in Fig. 3, fresh thrombi were clearly
demonstrated on operative findings, although CTPA could
not suggest their presence. In this situation, clinical presenta-
tion of the patient must be discrepant from anatomic burden
of pulmonary emboli. In this particular condition, echocardiog-

raphy is able to guide therapeutic decision-making because it
can reflect hemodynamic status of the patient, not simple ana-
tomical thrombi burden.

Echocardiography is frequently performed in PE patients,
because it permits reliable, qualitative, hemodynamic assess-
ment of RV size, RV systolic function, and pulmonary arterial
pressure.”” Prognostic information can be obtained with the
help of echocardiography.®?” Furthermore, in a critically ill pa-
tient with worsening symptoms who cannot undergo CTPA
without delay, bedside echocardiography contributes to early
diagnosis and treatment of PE. Kucher et al.'” have suggested
that echocardiographic signs of RV pressure overload and dys-
function in a hemodynamically unstable patient with high pre-
test probability of PE may justify invasive treatment for PE.

In this case, worsened hemodynamic parameters on serial
echocardiography helped us to apply an invasive approach for
recurrent PE. Since the patient was on a venovenous extracor-
poreal membrane oxygenation system, intravenous thrombol-
ysis was not considered an initial treatment option. Therefore,
surgical embolectomy was performed, and an immediate he-
modynamic improvement was achieved. This clinical decision
was not supported by CTPA. As described above, CTPA can
underestimate the burden of pulmonary thrombi, especially
those that is distributed along the pulmonary arterial wall, at
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the subsegmental artery level, and in-situ thrombosis on top
of chronic thrombi. Therefore, we believe that the present

case is important and instructive in that hemodynamic as-
sessment with echocardiography should be conducted to
more accurately guide therapeutic strategy in clinically sus-
pected PE patients.
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