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Percutaneous Cardiopulmonary Support for the Treatment
of Acute Pulmonary Embolism: Summarized Review of the
Literature in Japan Including Our Own Experience

Masahito Sakuma, MD,! Mashio Nakamura, MD,> Norikazu Yamada, MD,? Takeshi Nakano, MD,? and
Kunio Shirato, MD,?

Background: Acute pulmonary embolism (APE) has high mortality. Some APEs with circulatory collapse
or cardiopulmonary arrest have been treated by percutaneous cardiopulmonary support (PCPS) in Japan.
But there have been no reports with a large number of series of APE treated with the use of PCPS.
Methods and Results: We collected all the reported cases with acute thrombotic pulmonary embolism
treated with PCPS before surgical embolectomy or those without surgical embolectomy in Japan, and as-
sessed the effectiveness of PCPS. PCPS was combined with surgical embolectomy in 35% (68 of 193),
thrombolytic therapy in 62% (120/193), and catheter therapy in 24% (46/193). The survival rate treated
with PCPS was 73% (80% in surgical embolectomy, 71% in thrombolytic therapy, and 76% in catheter
therapy). Logistic regression analysis showed that the mortality rate was elevated in cases with cardiopul-
monary arrest (odds ratio [OR], 3.41; 95% confidence interval [CI], 1.52-7.67; p-value, 0.003) but not by
surgical embolectomy (OR, 0.99; 95% CI, 0.39-2.53; p-value, 0.98), catheter therapy (OR, 0.71; 95% CI,
0.30-1.72; p-value, 0.45), and thrombolysis (OR, 1.60; 95% CI, 0.64-3.99; p-value, 0.31) as regards to the
concomitant therapies with PCPS.

Conclusion: PCPS might improve the survival rate in APE patients with circulatory collapse or cardiopul-
monary arrest, but there was no differences in outcome among cases treated by surgical embolectomy,
catheter therapy, and thrombolysis as the concomitant therapies.
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ortality in acute pulmonary embolism (APE) is
high with a quarter of APE with circulatory col-
lapse dying within one hour,” and with half of those with
cardiopulmonary arrest (CPA) dying within 30 days (most
of the deaths occurred on the day of diagnosis or 1 day
after diagnosis was made).” Intra-venous administration
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of thrombolytic therapy was introduced for the patients
with CPA who did not respond to usual cardiopulmonary
resuscitation.” ¥ Percutaneous cardiopulmonary support
(PCPS; = extracorporeal membrane oxygenation) may be
another alternative of choice to treat fulminant APE.>®
However there have been no reports with a large number
of series of APE treated with the use of PCPS.

Our aims are to examine the effectiveness of the treat-
ment by PCPS for the patients of APE and to compare
the efficacies of PCPS among those patients treated con-
currently with surgical embolectomy, catheter therapy
(aspiration and/or fragmentation), and thrombolysis.
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Table 1 Patients in our Hospitals

Cathet Surgical
Case No Gender/Age (years) Thrombolysis Tﬁ erz;; Thr orl:t%:::?omy Risk Factor CPA  Outcome
1 Female/37 Yes Yes Yes Obesity, Cesarean delivery Yes Alive
2 Male/36 Yes No No Ulcerative colitis, Operation Yes Alive
3 Female/75 Yes No No Obesity, Immobilization Yes Dead
4 Female/70 Yes No No None Yes Dead
5 Female/83 Yes No No COPD, Immobilization No Alive
6 Female/51 Yes No No None Yes Dead
7 Female/64 No No No Operation (THR) No Alive
CPA: cardiopulmonary arrest, COPD: chronic obstructive pulmonary disease, THR: total hip replacement
Table 2 Concomitant Therapies with PCPS and OQutcome
Surgical Thrombolytic Catheter (o~ Outcome
Embolectom Thera Thera 0. of Lases : : :
y 124 124 Alive Dead  Overall Survival Rate  Not Described
Yes 5 4 1 80% 0
Yes
No 16 11 5 69% 0
Yes
Yes 6 5 1 83% 0
No
No 41 33 6 85% 2
Yes 29 18 8 69% 3
Yes
No 70 49 20 71% 1
No
No Yes 6 5 0 100% 1
No 20 12 8 60% 0
Total 193 137 49 73% 7

This population is 193. Fifty-eight cases were excluded from 251 because of incomplete data on concomitant therapies.

METHODS

Search Strategy

Electronic search strategies were used to identify rele-
vant studies. The following electronic databases were
searched: PubMed (1966 to February 2006) and Ichushi
web (Japana Centra Revuo Medicina) (1983 to February
20006) using the following search terms: [percutaneous
cardiopulmonary support or extracorporeal membrane]
and [pulmonary embolism]. We augmented our search by
reviewing the reference lists of retrieved articles. Studies
published in both English or Japanese were used for our
analysis.

Study Selection and Data Extraction

All cases with APE, who showed circulatory collapse
or cardiopulmonary arrest and who were treated with
PCPS, were included. The exclusion criteria was chronic
pulmonary embolism, non-thrombotic pulmonary embo-

lism (fat emboli, tumor emboli, amniotic fluid emboli,
and air emboli) and cases in which PCPS was started
during or after surgical embolectomy.

Statistical Analysis

Statistical analysis was conducted using SPSS 13.0
(SPSS Inc, Chicago, IL, USA). Categorical data were ana-
lyzed by chi-square statistics and multiple logistic analy-
sis. The results of the logistic regression model are pre-
sented as estimated odds ratios with corresponding 95%
confidence intervals.

RESULTS

There have been no controlled clinical trials. All re-
ports were case reports or case series, and most of them
were written in Japanese (see Appendix). We identified
total of 251 cases including our own seven cases (Table 1
and 2). Gender was described in 187 cases (132 females
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Table 3 Relation Between Mortality and Management (n = 164)

Odds ratio 95% CI P-value
Surgical Embolectomy 0.99 (0.39-2.53) 0.98
Thrombolysis 1.60 (0.64-3.99) 0.31
Catheter Therapy 0.71 (0.30-1.72) 0.45
Cardiopulmonary Arrest 341 (1.52-7.67) 0.003

CI: confidence interval.

and 55 males), and the severity of APE in 165 cases (80
circulatory collapses and 85 cardiopulmonary arrests).
Cardiopulmonary arrest occurred in the general hospital
wards (25 cases), in intensive care units (9 cases), in ex-
amination rooms or roentgen suite (7 cases), in emergen-
cy clinics (4 cases), during transportation (4 cases), in the
operation room (2 cases), in another hospital (1 cases),
and in a patient’s house (1 case). The site of locations
were not described in 32 cases.

There were 126 cases in which definite diagnostic
method for APE was described. Pulmonary angiography
was used in 68, enhanced CT in 31, and perfusion lung
scan in 16 cases. Two methods mentioned above were
combined to apply in 11 patients. Embolism in the right
atrium, the right ventricle, or pulmonary artery was
found by trans-thoracic echocardiography in 14 and by
trans-esophageal echocardiography in 5 patients. Pulmo-
nary embolism was confirmed during surgical embolec-
tomy in two and by autopsy in one case. Diagnosis was
confirmed in 58% (67/115) of patients before and in 42%
(48/115) after equipping with PCPS.

In 193 cases (Table 2), PCPS was combined with sur-
gical embolectomy in 35% (68/193), with thrombolytic
therapy in 62% (120/193), and with catheter therapy in
24% (46/193). Ten percent (20/193) of cases with PCPS
were not treated by these three therapies, and only hepa-
rin was administered. The survival rates calculated in
surgical embolectomy, thrombolytic therapy, and catheter
therapy were 80% (53/66), 71% (82/116), and 76% (32/42)
respectively (Table 2). The survival rates of those pa-
tients who were treated with only one of these three mo-
dalities, surgical embolectomy, thrombolitic therapy and
catheter therapy, were 85% (33/39), 71% (49/69) and 100%
(5/5) respectively. In cases with circulatory collapse and
with cardiopulmonary arrest, the survival rates were 86%
and 65% respectively (p = 0.001). While in cases where
cardiopulmonary arrest occurred in intensive care units,
general wards, and examination rooms or roentgen suite,
their survival rates were 78%, 74% and 57% respectively
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(p = 0.62). Logistic regression analysis showed that only
cardiopulmonary arrest was related to the mortality (Ta-
ble 3).

As an underlay risk factor, surgery was a risk for APE
in 74 cases (15 gastrointestinal, 13 orthopedic [7 total hip
replacement], 9 gynecological, 9 cesarean section, 4 neu-
rosurgical, 3 aortic aneurysm, 3 laparoscopic, 2 coronary
artery bypass grafting, and 12 other surgeries). In the re-
maining 4 cases, the surgical sites were not described.

PCPS was used for 24 hours as the median (25 per-
centile, 20 hours; and 75 percentile, 48 hours), when the
cases with surgical embolectomy were excluded.

DiscussIoN

PCPS may improve the survival rate in APE patients
with circulatory collapse or cardiopulmonary arrest and
there are no differences in the outcome among cases
treated by surgical embolectomy, catheter therapy, and
thrombolysis as the concomitant therapies.

Indication of PCPS

PCPS has been used in cases whose general condition
was improved by temporary support of circulation and/or
gas exchange.” The indications of PCPS are: In the surgi-
cal field; patient with cardiac or respiratory dysfunction.
In the non-surgical field; patient with severe left-side
heart failure and pulmonary embolism. In emergencies;
patient with cardiopulmonary arrest, cardiac failure, and
respiratory failure. PCPS is also used to support percuta-
neous coronary intervention (PCI).

In the most recent paper, Maggio et al. described that
PCPS should be considered in the algorithm for the man-
agement of massive pulmonary embolism in unstable pa-
tients.” PCPS had been implemented in the strategy for
the diagnosis and the treatment of APE in Japanese
Guideline 2004.”'”

It is advisable to equip PCPS before cardiopulmonary
arrest because survival rate is high in patients with circu-
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latory collapse compared with that in patients with car-
diopulmonary arrest (86% vs., 65%) based on the findings
of the present investigation. Cardiopulmonary arrest in
patients equipping with PCPS occurred mostly in hospi-
tals. Diagnosis was confirmed in 42% after equipping
with PCPS. Therefore, it will be reasonable to state that
the indication of PCPS is for those patients suspected of
APE with circulatory collapse or whose cardiopulmo-
nary arrest occurs in hospitals.

Timing of introducing PCPS

The time interval has a strong predictive value. In cas-
es in whom the time interval between arrest and initia-
tion of PCPS was over 30 min, the survival rate was less
than 10%. There was no survivors of unwitnessed arrest
undergoing PCPS except hypothermic condition. There-
fore, unwitnessed arrest might be a contraindication for
PCPS."”

Some patients developed cerebral sequelae or multi-
organ failure even when hemodynamics was stabilized
by PCPS therapy. The duration from the onset of cardio-
pulmonary arrest to installing of PCPS is one of the
prognostic factors.” When PCPS is used, discretion in
selecting the cases is required, taking into consideration
of the occurrence of these disorders.

Concomitant therapies with PCPS

In APE patients, most PCPSs have been used before
surgical embolectomy.” Recently, Endo et al. reported
that PCPS was an excellent modality in the cases treated
with thrombolysis as a concomitant therapy.” The im-
provement in hemodynamics is appears to be obtainable
when the treatment by surgical embolectomy or catheter
therapy is applied in comparison with treatment only by
thrombolysis, however, our results indicate that the out-
come is similar among three therapies (surgical embolec-
tomy, catheter therapy, and thrombolysis). Moreover, lo-
gistic regression analysis, including a factor of severity of
APE at the time of equipping with PCPS, did not show
the superiority of three managements in mortality (Table
3). Therefore, when PCPS is available, fulminant APE
can be treated without special therapeutic modality such
as surgical embolectomy or catheter therapy.

Duration of PCPS use

The half of the cases were able to weaned from PCPS
within 24 hours even when the cases treated with surgi-
cal embolectomy were excluded. Endo et al.'* also re-
ported that the mean weaning time from PCPS was 15

10

hours 38 min (range from 1 hour 47 min to 33 hours 55
min). This may indicate that the hemodynamics become
so stable by this duration that PCPS be able to terminate.
However, if hemodynamic is compromised and unless
sufficient flow to maintain systemic circulation is ob-
tained by PCPS, surgical embolectomy should be consid-
ered as an additional approach.

Survival rates

Prognosis of APE with circulatory collapse is ex-
tremely poor,” therefore the improvement of prognosis is
a major concern of APE therapy. It is agreed that PCPS
may improve the prognosis in some fulminant APE as
well as it may use in cases with unstable hemodynamics
or immediately after cardiopulmonary arrest.

The outcome of early experience of PCPS for the
treatment of APE was poor. In a study reported in 1979'>
and in patients between 1975 and 1993, all APE treated
with PCPS (three cases in Ref. 15 and two in Ref. 16) had
died. It appears that the survival rate has been improving
recently and it is 74% by our calculation. In adult cases
between 1985 and 1996, the survival rate was 30% (8/27)
of all causes including myocardial failure, emergency
cardiopulmonary resuscitation, and bridge to transplant.'”
In APE between 1989 and 2003, survival of PCPS was
72% (13/18) and survival to discharge was 61% (11/18)."”
PCPS Study Group in Japan showed that survival rate
was 42% (14/33) in APE patients.”’

Complication resulting from PCPS use

There were a few descriptions on complications of
PCPS in the present-gathered reports and these reported
complications are as follows. In adults patients treated
with PCPS, bleeding was found in 74% but clinically sig-
nificant only in 16%. Renal failure and neurological com-
plications (related to cerebral hypoxia or intracerebral
hemorrhage) were 56% and 19% respectively.” In cases
with APE, mechanical and physiological complications
during PCPS are hemodynamic instability requiring va-
sopressors (57%), cannulation site bleeding (38%), cardiac
arrhythmias (38%), intracerebral hemorrhage/infarction
(24%), culture-proven new infection (24%), surgical site
bleeding (24%), creatine > 3.0 mg/dL (24%), hyperbiliru-
binemia (19%), pneumothorax (14%), and oxygenator fail-
ure (14%).Y

The complications associated with the use of PCPS in
Japan occurred in 32-40% between 1997 and 2002, in-
cluding procedural problems (bleeding at the puncture
site, retroperitoneal hematoma, vascular injury, and isch-
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emia in lower extremities; 65—77% of all complications),
bleeding (in brain, lung, and digestive tract; 16-25%), and
thromboembolism (in brain, abdominal organs, and ex-
tremities; 7—13%).””

Intracranial hemorrhage was related to female gender
and as well as to thrombocytopenia of less than 50,000
cells/mm’. The duration of time of the use of PCPS was
longer in cases with impaired of renal function.*”

Diagnosis of APE treated with PCPS

The patients with APE and treated by PCPS were di-
agnosed using pulmonary angiography and CT*" in a
similar way in milder APE, although trans-thoracic or
trans-esophageal echocardiography which detected
thrombus echo in the right atrium, the right ventricle or
the proximal pulmonary artery were occasionally applied
in certain circumstances.”” PCPS was often used to ob-
tain hemodynamic stability before the definitive diagno-
sis was established. When APE was suspected by the
characteristic situation at the time of onset, presence of
risk of venous thromboembolism, right ventricular over-
load in echo-examination and so on, PCPS was installed
before the confirmation of the diagnosis of APE.

Effectiveness of PCPS

Surprisingly, some patients with cardiac collapse or
CPA could be rescued treated by only PCPS without
thrombolytic therapy, catheter therapy, or surgical em-
bolectomy (60% survive, shown in Table 2). There have
been similar reports from other countries.® **** Kolvekar
et al. emphasized that tightly controlled systemic hepa-
rinization in conjunction with natural thrombolytic
mechanismus allows the resolution of the pulmonary em-
bolism while oxygenation and circulation are maintained
by PCPS.* PCPS allows rapid correction of physiologic
derangements in massive APE. Mean while, diagnostic
approachs and therapeutic interventions including PAG,
implantation of inferior vena cava filter, or even pulmo-
nary embolectomy will be able to proceed during this
period."”

Random-allocation studies are ideal to assess the ef-
fectiveness of PCPS. However, these studies are difficult
to perform in the emergency/intensive care unit because
patients who need PCPS are too ill. APE is a potentially
life-threatening disease, and the survival rate is as low as
35% in APE patients requiring cardiopulmonary resusci-
tation.”>” The survival rate seems to be low compared
with the present data in cases with the use of PCPS (86%
in patients with circulatory collapse, and 65% in those
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with cardiopulmonary arrest). The present results and
previous reports suggest that the use of PCPS in the man-
agement of patients with APE appears to be effective and
safe in experienced centers, however, there have been no
high-evidence level reports on PCPS for the management
of APE, routine use of PCPS cannot be recommended
through our present study.

Limitations of PCPS

Long cardiopulmonary resuscitation relates to low
survival rate. Therefore, PCPS may be limited in use
when cardiopulmonary arrest occurs outside hospitals.
Careful decision is required to the use of PCPS in the
following situations such as cardiac arrest and suspicion
of brain damage in a patient who regain spontaneous cit-
culation. On the other hand, if the flow of PCPS is inad-
equate or insufficient to maintaining systemic circula-
tion, emergent surgical embolectomy should be consid-
ered as a life saving procedure.

CONCLUSION

PCPS may improve the survival rate in APE patients
with circulatory collapse or cardiopulmonary arrest,
however, our results shows there are no differences in
outcome among patients treated by surgical embolecto-
my, catheter therapy, and thrombolysis as the concomi-
tant therapies.
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