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A B S T R A C T

Pulmonary embolism (PE) is a potentially life threatening clinical condition that is fairly non-speciﬁc in
presentation. Massive pulmonary embolism (PE) without cardiac arrest has been associated with a
mortality rate of 30%. However, when cardiac arrest ensues, mortality may be as high as 95%. Since
outcomes of cardiac arrest following PE are generally dismal, any available potentially life-saving
measure must be instituted when the diagnosis of PE is suspected. Despite a lack of randomized
controlled trials guiding the management of suspected PE in the cardiac arrest victim, thrombolysis and
other therapies have been associated with good outcomes in the handful of published case reports and
other small studies.
© 2018 Published by Elsevier B.V. on behalf of Cardiological Society of India. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

[79_TD$IF]1. Introduction
Pulmonary embolism (PE) is a potentially life threatening
clinical condition that is fairly non-speciﬁc in presentation; sharing
overlapping features with various other clinical conditions
including acute myocardial infarction, pneumonia, chronic obstructive pulmonary disease and even anxiety spectrum
disorders.1–3 In the USA it is estimated that the annual incidence
of PE is 1–2 per 1000 persons.4 Although there is no published data
on the overall incidence of [80_TD$IF]venous thromboembolism (VTE)
amongst the general population in India,5 there is a suggestion
that the incidence of VTE in Asia is similar to that in Western
populations.6,7 Massive PE is associated with a 30% mortality,8 and
where PE causes cardiac arrest the associated mortality may be as
high as 95%.9
PE may be both over- and under- diagnosed in clinical practice.
Whilst a post mortem study reported that the clinical diagnosis of
PE was missed in 84% of all PE cases,10 on the other hand, breathing
motion or beam-hardening artefacts on CT scan imaging may be
over diagnosed as PE by the inexperienced radiologist in
approximately 25% of cases.11 Many patients do not manifest
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any clinical symptoms of PE. Asymptomatic or silent PE has been
shown to be present in approximately two-thirds of individuals
with deep vein thrombosis (DVT).12
Due to the lack of randomized controlled studies on the
management of suspected PE in the cardiac arrest victim, current
guidelines13–15 are predominantly based on ﬁndings from retrospective studies and case reports. In this article, the basic
pathophysiology, outcomes and diagnosis of PE during cardiac
arrest as well as current management guidelines and recommendations (European Resuscitation Council-ERC,13 American Heart
Association-AHA,14 European Society of Cardiology-ESC15) that
describe the role of ﬁbrinolytic therapy, surgical embolectomy and
percutaneous mechanical thrombectomy are reviewed.
A search strategy was developed to identify peer reviewed
publications pertaining to the deﬁnition, epidemiology, pathophysiology, diagnosis and management of pulmonary embolism in
the cardiac arrest victim. The following databases: PubMed,
Scopus, EMBASE, Google Scholar and Web of Science were
searched (July 2017) using the following search terms: pulmonary
embolus, pulmonary embolism, PE, cardiac arrest, cardiopulmonary resuscitation [81_TD$IF](CPR), venous thromboembolic disease, VTE,
thrombolysis, thrombolytic therapy, ﬁbrinolysis, ﬁbrinolytic therapy, thrombectomy, extracorporeal membrane oxygenation [82_TD$IF]
(ECMO), extracorporeal life support (ECLS). References of manuscripts generated were further reviewed to identify additional
relevant papers that may have been missed in the original search.
Aspects from manuscripts relevant to the topics identiﬁed for
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discussion were selected, analysed and discussed amongst coauthors prior to inclusion in this review.
2. Discussion
2.1. Deﬁnitions and epidemiology
Cardiac arrest is deﬁned as a sudden collapse associated with
loss of consciousness, absence of spontaneous respiration and
loss of central pulsation. In addition to the timeous initiation of
high quality chest compressions, early application of an external
deﬁbrillator and prompt attention to ﬁnding and correcting
reversible causes of cardiac arrest are the only interventions that
have been associated with outcome beneﬁt during cardiac
arrest.16
Pulmonary embolism [83_TD$IF]is a recognized reversible cause of cardiac
arrest and must be actively excluded in the collapsed pulseless
patient. Other reversible causes of cardiac arrest can be easily
remembered by recalling the “4 H’s and 4 T’s” memory aid; i.e. [84_TD$IF]
hypoxemia, hypo- or [85_TD$IF]hyperkalemia (and other electrolyte disturbances), hypo- or hyperthermia, hydrogen ion imbalances
(acidosis), [86_TD$IF]hypovolemia, tension pneumothorax, tamponade (cardiac), thrombosis (myocardial infarction), thromboembolism
(pulmonary embolism) and toxins.13,16
Approximately 90% of episodes of cardiac arrest following PE
have been reported to occur within 1–2 [87_TD$IF]h of symptom onset.4,17
However, this may well be an underestimate of the actual duration
of symptoms. Since PE is generally a process whereby initially
smaller clots and later larger clots [8_TD$IF]embolize to the pulmonary
circulation, respiratory symptoms (due to an increase in ventilatory dead space) are expected to be the initial presenting
symptoms.18 It is likely that non-surviving cardiac arrest victims
may not have had the opportunity to relate whether they had
experienced minor respiratory symptoms in the days preceding
the major event.
PE is reportedly responsible for 2–9% of all out of hospital
(OHCA) and 5–6% of all in-hospital cardiac arrests.19–22 However
these ﬁgures are likely an [89_TD$IF]underestimate, as PE is signiﬁcantly
underdiagnosed in clinical practice.2 In a Finnish study, 10% of
cardiac arrests that were initially attributed to a primary cardiac [90_TD$IF]
etiology, were later conﬁrmed as secondary to PE.23 An Austrian
study reported that while PE was responsible for 4.8% of all cardiac
arrests, the diagnosis was missed in 30% of these cases. In the same
study, the majority of patients (63%) presented with pulseless
electrical activity (PEA) as the initial cardiac rhythm, whereas
asystole and ventricular ﬁbrillation (VF) were responsible for 32%
and 5% of cases,[91_TD$IF] respectively.20
2.2. Basic pathophysiology of cardiac arrest following pulmonary
embolism
Obstruction of the pulmonary trunk or other large pulmonary
vessels, coupled with the release of vasoconstrictive mediators
from thrombotic tissue, leads to a rapid increase in right
ventricular afterload. The resultant decrease in venous return to
the left heart, and subsequent reduction in left ventricular end
diastolic volume, is further exacerbated by the pressure related
leftward shift of the interventricular septum. As a result,
circulatory shock and eventually cardiac arrest ensues.24
2.3. Diagnosing pulmonary embolism during cardiac arrest
Up to 30% of patients presenting with PE have no underlying
risk factors.4 In addition, many individuals that present with
cardiac arrest following PE had not complained of preceding
symptoms.25 Although a unilateral swollen leg is suggestive of PE

as a cause of cardiac arrest,26 approximately 30% of DVT’s do not
originate in the lower leg, whilst a good proportion of patients with
DVT in the lower leg are clinically asymptomatic.27 In a
retrospective study amongst post [92_TD$IF]gynecologic surgical patients,
76% (52/68) of subjects displayed radiological evidence of DVT
despite an absence of clinical symptoms (silent DVT).28
The various point of care ultrasound (POCUS) protocols that
have been described to assess the hemodynamically unstable
patient in the ED, also include a search for the presence of deep
vein thrombosis and pulmonary embolism.29–33 The presence of
DVT, right heart thrombi and other suggestive features of PE such
as increased pulmonary artery or right ventricular pressures, right
ventricular dilatation, tricuspid regurgitation and interventricular
septal deviation can easily be determined by the trained ED
clinician with the aid of POCUS.34
Emergency Department based limited compression ultrasonography (LCUS) to determine the presence of lower limb DVT has
been associated with a diagnostic sensitivity and speciﬁcity of 90%
and 95% respectively when conducted by the trained ED
clinician.35,36 During CPR, ultrasonographic evidence of a dilated
RV with ﬂattening of the interventricular septum may support the
diagnosis of PE.37–39 After achieving a return of spontaneous
circulation (ROSC) and once the cardiac arrest victim has been
stabilised, pulmonary angiographic computed tomography (CTPA)
scanning should be performed to conﬁrm the diagnosis of
suspected PE.40 A study demonstrated that patient outcomes were
inﬂuenced by the utilzation of extracorporeal life support (ECLS) in
patients presenting with cardiac arrest of unknown origin. By
allowing for the performance of various advanced radiological
investigations such as computed tomography and pulmonary
angiography, the use of ECLS was able to 'buy time' to conﬁrm the
underlying cause of the cardiac arrest.41
2.4. Management of pulmonary embolism during cardiac arrest
There are a limited number of studies that pertain to the
management of PE in the cardiac arrest victim. A likely reason for
this may relate to the methodological and ethical difﬁculties that
may be encountered when designing clinical trials of this nature.
Another possible reason may be due to the fact that since outcomes
following cardiac arrest of any cause are generally poor, negative
results, which are expected to be common in these patients, are
less likely to be reported in the literature.
Fibrinolytic therapy, surgical embolectomy, percutaneous
mechanical thrombectomy and [93_TD$IF]ECMO have been described in
the management of PE during cardiac arrest.13,14,42 Prolonged CPR
(at least 60–90 [94_TD$IF]min) and continued resuscitative efforts are
recommended when PE is suspected as the cause of cardiac
arrest. Wu and colleagues reported a good outcome after
thrombolysis in a patient that had underwent 100 mins of CPR.43
2.4.1. Fibrinolytic therapy
Since ﬁbrinolytic therapy is indicated in the treatment of both
coronary thrombosis as well as PE and given that both together are
implicated in a large proportion of cardiac arrest presentations, in
theory, the routine administration of ﬁbrinolytic therapy to all
adult patients requiring CPR should be associated with overall
beneﬁt.44 However evidence to support this strategy is lacking. In
the TROICA study, which is the only [95_TD$IF]randomized controlled trial
that compared ﬁbrinolytic therapy to placebo in patients with
cardiac arrest of all causes, 1050 patients with OHCA received
tenecteplase. Overall, there was no beneﬁt (P> 0.05) in terms of
return of spontaneous circulation, 24hr survival, survival to
hospital discharge, 30 day survival and neurologic outcomes when
compared to the placebo group. However, the incidence of
intracranial hemorrhage in the intervention group was
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signiﬁcantly higher.45 Similar results were reported in a metaanalysis that was conducted by Li and colleagues.46
Despite a weak evidence base, both the European Resuscitation
Council (ERC) as well as the American Heart Association (AHA)
have recommend the use of ﬁbrinolytic therapy when PE is either
known or suspected as the cause of cardiac arrest.13,14 The ERC
further advocates for the administration of ﬁbrinolytic therapy by
trained practitioners in the prehospital environment.13
Renkes-Hegendörfer and Hermann were amongst the ﬁrst to
describe a case of a successful outcome after administering
streptokinase to a patient in cardiac arrest due to PE.47
Subsequently success with other thrombolytic agents including
urokinase,48 rt-PA (alteplase),49 reteplase50 and tenecteplase51
have also been described.45 In a retrospective comparative study of
patients that received ﬁbrinolytic therapy with rt-PA during
cardiac arrest due to PE, signiﬁcantly better outcomes with regards
ROSC (67% vs 43%), 24 [96_TD$IF]h survival (53% vs 23%) and hospital
discharge (19% vs 7%) were achieved in the group that received
thrombolysis.52
Two separate studies conducted by Scholtz et al [97_TD$IF]and Hopf et al
reported good outcomes in 7/17 (41%)53 and 5/6 (83%) individuals
that received ﬁbrinolytic therapy during cardiac arrest following
PE.54 In a review of 12 published case reports by Yanxia and
colleagues, an overall survival of 88.9% was reported following
thrombolytic therapy after PE related cardiac arrest. However,
since poor outcomes are seldom reported in the literature, this
ﬁgure is likely biased. Additionally, signiﬁcant gastrointestinal or
intracranial bleeding was reported in 3 of the 12 cases.55 In
contrast, Kürkciyan and colleagues reported a survival to hospital
discharge of just 10% (2/21) despite the majority of patients (81%)
achieving ROSC.20
Despite its beneﬁcial effects, major bleeding episodes including
intracranial haemorrhage is a serious concern with the use of
thrombolytic therapy. Results of the PEITHO trial reported a 2%
incidence of [98_TD$IF]hemorrhagic stroke after administration of tenecteplase in patients with PE (versus 0.2% in the placebo arm). A
signiﬁcant increase in major non-intracranial bleeding events
(6.3% vs. 1.5%) was also reported.56 Liver rupture as well as
mediastinal bleeding have also been reported in individuals
receiving thrombolysis during CPR.20 In post-mortem studies, [98_TD$IF]
hemorrhagic complications have been reported in >15% of
individuals that had received thrombolysis during CPR.57 However
good neurologic outcomes have been reported in the majority of
survivors.58–60
2.4.2. Surgical embolectomy and percutaneous mechanical
thrombectomy
All studies pertaining to these interventions were retrospective
in nature and had enrolled onlya small number of patients, with
the largest study including just 96 patients that had presented over
a 20 [9_TD$IF]year period.61 The overall evidence in favour of the beneﬁt
associated with surgical embolectomy and percutaneous mechanical thrombectomy during CPR is also weak.16 The ERC recommends that consideration be given to surgical embolectomy or
mechanical thrombectomy when pulmonary embolism is the
known cause of cardiac arrest but however, do not recommend
these interventions when pulmonary embolism is only suspected.13 Surgical thrombectomy has been associated with
mortality rates of 50% to 74%.61–63 However, in a retrospective
study, 6 out of 7 patients that had underwent percutaneous
pulmonary thrombectomy during CPR survived.64
In a recently published systematic review and proportional
meta-analysis that included patients with massive and submassive
PE, ultrasound assisted catheter directed thrombolysis, when
compared to systemic thrombolysis, was reported as safe and
effective, with a potentially lower risk of major bleeding.65 This
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method of thrombolysis has not been explored in the setting of
cardiac arrest.
2.4.3. Extracorporeal membrane oxygenation
The use of ECLS [10_TD$IF]techniques in specialised facilities, has also
been associated with success in victims of cardiac arrest following
PE.66–68 However, there are no randomized controlled trials that
compare ECMO with other therapeutic modalities in the setting of
massive PE. Giraud and colleagues reported successful outcomes in
2 patients that were placed on ECMO after cardiac arrest secondary
to massive PE. In the ﬁrst case, veno-arterial (VA) ECMO was
implanted in a patient in whom thrombolytic therapy was
absolutely contraindicated. The second patient was placed on
veno-venous (VV) ECMO due to persistent hypoxaemia despite
haemodynamic stabilization following thrombolysis.42 In a recent
systematic review that included 78 patients with massive PE in
whom ECMO was instituted, 43 patients (51.2%) received ECMO
following cardiac arrest with 22 (51.2%) of these patients surviving.
However, this ﬁgure is likely biased since all of the included papers
were either single case reports or case series.69
3. Conclusion
Despite a lack of randomized controlled trials to guide the
management of suspected PE in the cardiac arrest victim, success
with various ﬁbrinolytic agents and other therapeutic modalities
have shown promise in the handful of published case reports and
other small studies relating to this topic. A high quality, well
designed multi-center randomized controlled trial is required to
settle current uncertainties.
Disclosures
The authors’ hereby certify that this submission is not under
publication consideration elsewhere, and is free of conﬂict of
interest.
Funding
This research received no grant from any funding agency in the
public, commercial or not-for-proﬁt sectors
References
1. Robin ED. Overdiagnosis and overtreatment of pulmonary embolism: the
emperor may have no clothes. Ann Intern Med. 1977;87(6):775–781.
2. Hampson NB. Pulmonary embolism: difﬁculties in the clinical diagnosis. Semin
Respir Infect. 1995;10(3):123–130.
3. Rizkallah J, Man SFP, Sin DD. Prevalence of pulmonary embolism in acute
exacerbations of COPD. Chest. 2009;135(3):786–79310.1378/chest.08-1516.
4. Heit JA, Spencer FA, White RH. The epidemiology of venous thromboembolism.
J Thromb Thrombolysis. 2016;41(1):3–1410.1007/s11239-015-1311-6.
5. Agarwal S, Lee AD, Raju RS, Stephen E. Venous thromboembolism: a problem
in the Indian/Asian population? Indian J Urol. 2009;25(1):11–1610.4103/09701591.45531.
6. Lee LH, Gu KQ, Heng D. Deep vein thrombosis is not rare in Asia? The Singapore
general hospital experience. Ann Acad Med Singapore. 2002;31(6):761–764.
7. Dhillon KS, Askander A, Doraismay S. Postoperative deep-vein thrombosis in
Asian patients is not a rarity: a prospective study of 88 patients with no
prophylaxis. J Bone Joint Surg Br. 1996;78(3):427–430.
8. Stulz P, Schläpfer R, Feer R, Habicht J, Grädel E. Decision making in the surgical
treatment of massive pulmonary embolism. Eur J Cardiothorac Surg. 1994;8
(4):188–193.
9. Bailén MR, Cuadra JA, Aguayo De Hoyos E. Thrombolysis during
cardiopulmonary resuscitation in fulminant pulmonary embolism: a
review. Crit Care Med. 2001;29(11):2211–2219.
10. Karwinski B, Svendsen E. Comparison of clinical and postmortem diagnosis of
pulmonary embolism. J Clin Pathol. 1989;42(2):135–139.
11. Hutchinson BD, Navin P, Marom EM, Truong MT, Bruzzi JF. Overdiagnosis of
pulmonary embolism by pulmonary CT angiography. AJR Am J Roentgenol.
2015;205(2):271–27710.2214/AJR.14.13938.

734

A.E. Laher, G. Richards / Indian Heart Journal 70 (2018) 731–735

12. García-Fuster MJ, Fabia MJ, Furió E, et al. Should we look for silent pulmonary
embolism in patients with deep venous thrombosis? BMC Cardiovasc Disord.
2014;14:17810.1186/1471-2261-14-178.
13. Truhlár A, Deakin CD, Soar J, et al. European resuscitation council guidelines
for resuscitation 2015: section 4. cardiac arrest in special circumstances.
Resuscitation. 2015;95:148–20110.1016/j.resuscitation.2015.07.017.
14. Lavonas EJ, Drennan IR, Gabrielli A, et al. Part 10: special circumstances of
resuscitation. Circulation. 2015;132(18 Suppl. 2):S501–S51810.1161/
CIR.0000000000000264.
15. Konstantinides SV, Torbicki A, Agnelli G, et al. ESC guidelines on the diagnosis
and management of acute pulmonary embolism. Eur Heart J. 2014;35(43)
3033–306910.1093/eurheartj/ehu283 3069–3069k.
16. Callaway CW, Soar J, Aibiki M, et al. Part 4: advanced life support: 2015
international consensus on cardiopulmonary resuscitation and emergency
cardiovascular care science with treatment recommendations. Circulation.
2015;132(16 Suppl. 1):S84–14510.1161/CIR.0000000000000273.
17. Schmid C, Zietlow S, Wagner TO, Laas J, Borst HG. Fulminant pulmonary
embolism: symptoms, diagnostics, operative technique, and results. Ann
Thorac Surg. 1991;52(5) [1102-5-7].
18. Sanchez O, Caumont-Prim A, Riant E, et al. Pathophysiology of dyspnoea in
acute pulmonary embolism: a cross-sectional evaluation. Respirology. 2017;22
(4):771–77710.1111/resp.12961.
19. Kürkciyan I, Meron G, Behringer W, et al. Accuracy and impact of presumed
cause in patients with cardiac arrest. Circulation. 1998;98(8):766–771.
20. Kürkciyan I, Meron G, Sterz F, et al. Pulmonary embolism as a cause of cardiac
arrest: presentation and outcome. Arch Intern Med. 2000;160(10):1529–1535.
21. Pokorna M, Necas E, Skripsky R, Kratochvil J, Andrlik M, Franek O. How
accurately can the aetiology of cardiac arrest be established in an out-ofhospital setting? Analysis by concordance in diagnosis crosscheck tables.
Resuscitation. 2011;82(4):391–39710.1016/j.resuscitation.2010.11.026.
22. Bergum D, Nordseth T, Mjølstad OC, Skogvoll E, Haugen BO. Causes of inhospital cardiac arrest – incidences and rate of recognition. Resuscitation.
2015;87:63–6810.1016/j.resuscitation.2014.11.007.
23. Silfvast T. Cause of death in unsuccessful prehospital resuscitation. J Intern
Med. 1991;229(4):331–335.
24. Goldhaber S, Braunwald E. Pulmonary embolism. Heart Disease. Philadelphia:
WB Saunders; 1992:1558–1580.
25. Heit JA, Silverstein MD, Mohr DN, Petterson TM, O’Fallon WM, Melton LJ. Risk
factors for deep vein thrombosis and pulmonary embolism: a populationbased case-control study. Arch Intern Med. 2000;160(6):809–815.
26. Konstantinov IE, Saxena P, Koniuszko MD, Alvarez J, Newman MAJ. Acute
massive pulmonary embolism with cardiopulmonary resuscitation:
management and results. Tex Heart Inst J. 2007;34(1):41-5-6.
27. Hull RD, Hirsh J, Carter CJ, et al. Pulmonary angiography, ventilation lung
scanning, and venography for clinically suspected pulmonary embolism with
abnormal perfusion lung scan. Ann Intern Med. 1983;98(6):891–899.
28. Qu H, Li Z, Zhai Z, et al. Predicting of venous thromboembolism for patients
undergoing gynecological surgery. Medicine (Baltimore). 2015;94(39):
e165310.1097/MD.0000000000001653.
29. Perera P, Mailhot T, Riley D, Mandavia D. The RUSH exam: rapid ultrasound in
shock in the evaluation of the critically lll. Emerg Med Clin North Am. 2010;28
(1)29–5610.1016/j.emc.2009.09.010 [vii.].
30. Seif D, Perera P, Mailhot T, Riley D, Mandavia D. Bedside ultrasound in
resuscitation and the rapid ultrasound in shock protocol. Crit Care Res Pract.
2012;50325410.1155/2012/503254 2012.
31. Breitkreutz R, Price S, Steiger HV, et al. Focused echocardiographic evaluation
in life support and peri-resuscitation of emergency patients: a prospective
trial. Resuscitation. 2010;81(11):1527–153310.1016/j.
resuscitation.2010.07.013.
32. Laher AE, Watermeyer MJ, Buchanan SK, et al. A review of hemodynamic
monitoring techniques, methods and devices for the emergency physician. Am
J Emerg Med. 2017;10.1016/j.ajem.2017.03.036.
33. Kirkpatrick AW, Sirois M, Laupland KB, et al. Hand-held thoracic sonography
for detecting post-traumatic pneumothoraces: the extended focused
assessment with sonography for trauma (EFAST). J Trauma. 2004;57(2):288–
295.
34. Grifoni S, Olivotto I, Cecchini P, et al. Short-term clinical outcome of patients
with acute pulmonary embolism, normal blood pressure, and
echocardiographic right ventricular dysfunction. Circulation. 2000;101
(24):2817–2822.
35. Poley RA, Newbigging JL, Sivilotti MLA. Estimated effect of an integrated
approach to suspected deep venous thrombosis using limited-compression
ultrasound. Acad Emerg Med. 2014;21(9):971–98010.1111/acem.12459.
36. Pomero F, Dentali F, Borretta V, et al. Accuracy of emergency physicianperformed ultrasonography in the diagnosis of deep-vein thrombosis: a
systematic review and meta-analysis. Thromb Haemost. 2013;109(1):137–
14510.1160/TH12-07-0473.
37. Torbicki A, Pruszczyk P. The role of echocardiography in suspected and
established PE. Semin Vasc Med. 2001;1(2):165–17410.1055/s-2001-18484.
38. MacCarthy P, Worrall A, McCarthy G, Davies J. The use of transthoracic
echocardiography to guide thrombolytic therapy during cardiac arrest due to
massive pulmonary embolism. Emerg Med J. 2002;19(2):178–179.
39. Bova C, Greco F, Misuraca G, et al. Diagnostic utility of echocardiography in
patients with suspected pulmonary embolism. Am J Emerg Med. 2003;21
(3):180–183.

lu A, Ardıç S. Clinical update on pulmonary embolism. Arch Med
40. Duru S, Keleşog
Sci. 2014;10(3):557–56510.5114/aoms.2013.34325.
41. Kjærgaard B, Frost A, Rasmussen BS, Krüger K, Ravkilde J. Extra corporeal life
support makes advanced radiologic examinations and cardiac interventions
possible in patients with cardiac arrest. Resuscitation. 2011;82(5):623–
62610.1016/j.resuscitation.2011.01.019.
42. Giraud R, Banﬁ C, Siegenthaler N, Bendjelid K. Massive pulmonary embolism
leading to cardiac arrest: one pathology, two different ECMO modes to
assist patients. J Clin Monit Comput. 2016;30(6):933–93710.1007/s10877-0159796-2.
43. Wu J-P, Gu D-Y, Wang S, Zhang Z-J, Zhou J-C, Zhang R-F. Good neurological
recovery after rescue thrombolysis of presumed pulmonary embolism despite
prior 100 [10_TD$IF]37min CPR. J Thorac Dis. 2014;6(12):E289–9310.3978/j.issn.20721439.2014.12.23.
44. Pedley DK, Morrison WG. Role of thrombolytic agents in cardiac arrest. Emerg
Med J. 2006;23(10):747–75210.1136/emj.2006.038067.
45. Böttiger BW, Arntz H-R, Chamberlain DA, et al. Thrombolysis during
resuscitation for out-of-hospital cardiac arrest. N Engl J Med. 2008;359
(25):2651–266210.1056/NEJMoa070570.
46. Li X, Fu Q, Jing X, et al. A meta-analysis of cardiopulmonary resuscitation with
and without the administration of thrombolytic agents. Resuscitation. 2006;70
(1):31–3610.1016/j.resuscitation.2005.11.016.
47. Renkes-Hegendörfer U, Hermann K. [Successful treatment of a case of
fulminant massive pulmonary embolism with streptokinase]. Anaesthesist.
1974;23(11):500–501.
48. Böttiger BW, Reim SM, Diezel G. [Successful treatment of a fulminant
pulmonary embolism using a high-dose bolus injection of urokinase during
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