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Purpose: To determine 30-day mortality and predictors of 
mortality following perioperative pulmonary embolism (PE). 

Methods: We searched both the Mayo Clinic electronic medi-
cal records and Autopsy Registry, between January 1, 1998 and 
December 31, 2001, for patients who developed PE within 
30 days after noncardiac surgery performed under general or 
neuraxial anesthesia. Medical records of all identified patients 
were reviewed using standardized data collection forms. The  
association between risk factors for PE and 30-day post-PE 
mortality was assessed using t tests, exact binomial tests, and 
logistic regression. 

Results: We identified 158 patients with probable or definite 
perioperative PE. The overall 30-day mortality from the day 
of PE was 25.3%, i.e., 40 patients died. Hypotension requir-
ing treatment, need for mechanical ventilation, and intensive 
care unit admission were the prominent univariate predictors 
of 30-day mortality (all P ≤ 0.001). Other significant factors 
were exact bi normal tests, and higher ASA physical status (P 
= 0.002), longer surgical time (P = 0.030), recent central vein 
cannulation (P = 0.021) and intraoperative use of either blood 
transfusions or other blood products (P = 0.010). Using multi-
variable analysis, hemodynamic instability was found to be the 
dominant independent risk factor associated with mortality. 

Conclusions: Perioperative PE is associated with a high 30-day 
mortality. Patients who experience hemodynamic instability 
and require vasoactive treatment at presentation of PE have 
extremely low survival rates; therefore, for these patients the 
most aggressive therapeutic modalities should be considered.

CAN J ANESTH 2007 / 54: 8 / pp 634–641

Objectif : Déterminer la mortalité à 30 jours et les indicateurs de 
mortalité suite aux embolies pulmonaires (PE) périopératoires.

Méthode : Nous avons consulté les dossiers médicaux électro-
niques de la clinique Mayo et son registre des autopsies pour la 
période allant du 1er janvier 1998 au 31 décembre 2001 afin de 
trouver les patients ayant développé une embolie pulmonaire dans 
les 30 jours suivant une chirurgie non cardiaque pratiquée sous 
anesthésie générale ou neuraxiale. Les dossiers médicaux de tous 
les patients identifiés comme tels ont été passés en revue à l’aide 
de formulaires de récolte de données standardisés. L’association  
entre les facteurs de risque d’une embolie pulmonaire et la morta-
lité dans les 30 jours suivant l’embolie a été évaluée par régression 
logistique.

Résultats : Nous avons identifié 158 patients avec une embolie 
pulmonaire périopératoire probable ou certaine. La mortalité totale 
à 30 jours depuis le jour de l’embolie pulmonaire était de 25,3 %, 
soit 40 décès. Une hypotension nécessitant un traitement, le besoin 
de ventilation mécanique et l’admission aux soins intensifs ont été 
les indicateurs univariés majeurs d’une mortalité à 30 jours (tous 
P ≤ 0,001). Un score ASA plus élevé (P = 0,002), une durée de 
chirurgie plus longue (P = 0,030), une canulation veineuse centrale 
récente (P = 0,021) et l’utilisation peropératoire de transfusions 
sanguines ou d’autres produits sanguins (P = 0,010) sont d’autres 
facteurs significatifs. L’instabilité hémodynamique a été déterminée 
comme le facteur de risque dominant associé à la mortalité, sur la 
base d’une analyse multivariable. 

Conclusion : L’embolie pulmonaire périopératoire est associée à 
une mortalité à 30 jours élevée. Les patients souffrant d’instabilité 
hémodynamique et nécessitant un traitement vasomoteur lors de 
l’apparition de l’embolie pulmonaire présentent un taux de survie 
très bas ; pour cette raison, les modalités thérapeutiques les plus 
agressives devraient être disponibles pour ces patients.
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VENOUS thromboembolism (VTE) is a 
serious disease with an annual incidence of 
one to two per 1,000 in the general popula-
tion.1,2 The perioperative period is associated 

with a higher incidence of VTE including pulmonary 
embolism (PE).3–6 Despite the widespread adoption of 
prophylactic measures, perioperative PE is a significant 
cause of morbidity and mortality.7,8 The pathogenesis 
of perioperative PE is assumed to be based on a hyper-
coagulable state that may occur during major surgery 
and that may extend into the postoperative period.9–11 
The etiology of this increase in coagulability is uncer-
tain, but the response to surgical stress has been con-
sidered to be important.12–14 General risk factors for 
PE have been identified, including malignancy, pro-
longed immobility, older age, cardiovascular disease, 
and many others.2,15–21 Additional risk factors specific 
to perioperative PE include the type and duration of 
surgery and the type and/or use of thromboembolic 
prophylaxis.3,5,22 Little is known as to whether any of 
the VTE risk factors identified in the general popula-
tion23 play a role in survival following perioperative 
PE. Identification of perioperative risk factors associ-
ated with mortality may help to direct more aggressive 
treatment strategies towards patients who will derive 
the greatest benefit. 

While it is well known that major surgery may be 
associated with a higher incidence of PE,3–6 few stud-
ies have reported mortality rates after perioperative 
PE.24–26 The purpose of our study was to determine 
the mortality rate after perioperative PE and the asso-
ciation between demographic factors, comorbidities, 
procedural characteristics and mortality. 

Methods
Patient population and ascertainment of data
The Mayo Clinic, Rochester, MN electronic medical 
record contains all patient records, including radiol-
ogy, pathology, surgical reports, laboratory medi-
cine data and anesthesia records. After obtaining 
Institutional Review Board (Rochester, MN) approv-
al, we conducted a computerized search of the Mayo 
Clinic Diagnostic Medical Index for patients coded 
with the diagnosis of PE between January 1, 1998 
and December 31, 2001. Only medical record data 
from patients with written consent of research autho-
rization were used in the study; all identified patients 
had written authorization on file (during the study 
period 3.6% of Mayo Clinic patients declined research 
authorization). This information was merged with the 
Anesthesia Database to find the subset of patients who 
were diagnosed with PE within 30 days after surgery. 
Only patients undergoing noncardiac surgery under 

general or neuraxial anesthesia (subarachnoidal or 
epidural blocks) were included. To improve ascertain-
ment, we also reviewed the Mayo Clinic pathology 
Autopsy Registry for deaths due to PE during the 
period covered by this study. Patient records fulfill-
ing these initial study criteria were then examined by 
at least one of the investigators. Initially, ten records 
were independently reviewed by four investigators 
(T.B.C., K.A.C., P.T.D., J.L.J.) in order to identify 
and correct problems in data collection, unify inter-
pretation of definitions, and assure accurate applica-
tion of study criteria. 

Definition of pulmonary embolism
The diagnosis of PE was accepted/confirmed by 
one of the following criteria: clinical diagnosis, i.e., 
probable PE (presentation typical for PE, i.e., chest 
pain, hemoptysis, hypoxemia, sudden hemodynamic 
instability), with a clinical note referring to that event 
as a PE and the initiation of therapy (anticoagula-
tion or intravascular filter); confirmatory diagnosis by 
ventilation/perfusion lung scan, pulmonary angiog-
raphy, computerized tomography/spiral scan, lower 
extremity Doppler, and/or autopsy. Patients who 
were “coded” with a diagnosis of PE in the medical 
records, but did not receive any intervention (antico-
agulation therapy with heparin, warfarin or intracaval 
filter), and those who had negative imaging studies, 
were excluded from the review (Figure 1). 

Study goals and potential predictors of mortality
Our primary objective was to determine: a) 30-day 
mortality following perioperative PE, and b) risk fac-
tors associated with 30-day mortality. The patient or 
disease related risk factors considered in the analysis 
included age, gender, (grouped by ASA physical status 
scores ≤ 2, 3 and ≥ 4), weight (body mass index), and 
smoking status (current, former, never). The follow-
ing comorbidities were also considered:27 hyperten-
sion (either receiving antihypertensive therapy or 
systolic blood pressure ≥ 150 mmHg, or diastolic ≥ 
100 mmHg on the morning of surgery), history of 
cardiac disease (congestive heart failure, myocardial 
infarction, coronary artery disease, atrial fibrillation), 
history of peripheral vascular disease (prior peripheral 
vascular surgery or aortic aneurysm repair, claudi-
cation, carotid artery disease), history of stroke or 
immobility, chronic renal insufficiency (creatinine 
≥ 2.0 mg·dL–1), diabetes mellitus (use of insulin or 
oral antidiabetic agents), pulmonary disease (chronic 
obstructive pulmonary disease, asthma or restrictive 
lung disease), history of deep venous thrombosis or 
PE, current malignancy, use of estrogen replacement 

Comfere et al.: MORTALITY AFTER PERIOPERATIVE PULMONARY EMBOLISM  635



636 CANADIAN JOURNAL OF ANESTHESIA

CAN J ANESTH 54: 8    www.cja-jca.org    August, 2007

therapy (as denominators we used women only), 
use of various antithrombotic prophylactic strategies 
preoperatively (aspirin, coumadin) or perioperatively 
(heparin, sequential compressive stockings, etc.). 

Surgery or anesthesia related factors analyzed 
included the type of surgery (orthopedic, major 
abdominal, urologic/gynecologic, neurosurgery and 
other), length of operation, time of the diagnosis of 
PE in relation to the operation, and intraoperative 
use of blood/blood products (red blood cells, fresh 
frozen plasma and/or platelets). Insertion of a central 
line/pacemaker at any point for surgery or during the 
three months before the index surgery was identified 
by reviewing the procedure notes as well as chest radio-
grams. Finally, factors related to the presentation and 
treatment of PE were considered, including the need 
for admission to the intensive care unit, the institution 
of mechanical ventilation after PE, the placement of an 
inferior vena cava filter during the same hospitalization, 
and the need for vasopressor support for maintenance 
of arterial blood pressure. In the “hemodynamic insta-
bility” category we included all patients who received 
at least one of the following treatments: bolus epineph-
rine, continuous infusion of dopamine, dobutamine, 
epinephrine, norepinephrine, and/or vasopressin, all 
in response to arterial hypotension. 

We determined the cause of death in all patients 
who died by the 30th day following PE. Death was 
considered as PE-related if: a) PE was confirmed on 
autopsy, and the autopsy report included PE as a sig-
nificant or predominant factor in patient’s demise; b) 
PE was listed as one of diagnoses for the index event 
hospital medical summary (“master sheet”). In all 
other instances PE was considered as “non-directly 
causal to death”.

Statistical analyses
The univariate association between each of the candi-
date risk factors and 30-day mortality was evaluated 
using the two-sample t test for continuous variables 
and Fisher’s exact test for categorical variables. Unless 
otherwise specified, data are presented as frequency 
counts and percentages. Survival status at 30 days 
following PE was known for all patients with the 
exception of two international patients who survived 
to hospital discharge. Since these two patients were 
discharged in satisfactory condition, we considered 
them survivors for the analysis of characteristics 
associated with 30-day mortality. Patients’ age, body 
mass index, procedure duration, and the number of 
days from surgery to PE were analyzed as continuous 
variables and all other variables were analyzed as cat-
egorical variables. In all cases, the univariate analyses 

were performed using two-sided tests with the criteria 
for statistical significance set at alpha = 0.05. Given 
that these analyses are for hypothesis generation no 
adjustments were made for multiple comparisons. An 
exploratory multivariable logistic regression analysis 
was performed using a stepwise elimination algorithm 
to identify those variables demonstrating the strongest 
independent associations with 30-day mortality in 
this study sample. This analysis included only those 
variables expected to be related to survival. These 
included age, ASA physical status, peripheral vascular 
disease, diabetes mellitus, type of surgery, length of 
surgery, transfusion of any blood products, vasopres-
sor and ventilatory support. 

Among patients who survived 30 days following 
PE, one-year survival was assessed from the date of PE 
diagnosis to either the date of death or the last date 
the patient was known to be alive. Cumulative survival 
probabilities were estimated using the Kaplan-Meier 
method. This approach was also used to determine 
cumulative one-year survival for all patients from the 
date of PE. 
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FIGURE 1  Algorithm of chart review (inclusion-exclusion) 
of perioperative pulmonary embolisms that occurred after 
noncardiac operations under general anesthesia.
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Results
Between January 1, 1999 and December 31 2001, 
365 patients who underwent noncardiac operations 
under general/regional anesthesia met criteria for 
perioperative PE in our electronic database review. 
Review of the medical records and autopsy reports 
revealed 158 patients who met our inclusion criteria 
for perioperative PE, while 207 patients were exclud-
ed for various reasons (Figure 1). Table I shows the 
diagnostic methods used to confirm the diagnosis of 
PE in these patients. 

The 30-day mortality after PE was 25.3% (40/158) 
(Table II). Pulmonary embolism was either the prima-
ry or a significant contributory factor to 30-day mor-
tality in all patients. Figure 2 shows the Kaplan-Meier 
survival graph for all patients from the day of PE. The 
estimated survival at one year following diagnosis of 
PE was 63% (95% confidence interval; 56% to 71%). 
Among patients who survived at least 30 days follow-
ing PE, the estimated survival (Kaplan-Meier) at 30 
days + one year was 83% (95% confidence interval; 
76% to 91%). 

Univariate analysis (Tables II–IV) revealed that a 
higher ASA physical status, the presence of peripheral 
vascular disease, longer surgical duration and intra-
operative transfusion of either red cells and/or blood 
products (fresh frozen plasma or platelets) and central 
vein catheterization within three months preceding 
PE were significant predictors of increased 30-day 
mortality (Table IV). Factors related to the severity of 
PE presentation, the need for vasopressor/inotropic 
support (“hemodynamic instability”), intensive care 

unit admission, and requirement for ventilatory sup-
port, also were associated with mortality (Table IV). 

Given the small number of events that were 
observed we performed only exploratory multivari-
able analyses. A multiple logistic regression analysis 
was performed using a stepwise algorithm with P ≤ 
0.05 used to denote statistical significance. From this 
analysis, after eliminating non-significant variables, 
30-day mortality was found to be associated with 
vasopressor/inotropic support (odds ratio = 432.2, 

FIGURE 2  Kaplan–Meier curve for long-term survival fol-
lowing diagnosis of perioperative pulmonary embolic event 
(n = 158). The number of patients still at risk (i.e., alive 
and not lost to follow-up) at one year is 88. 

TABLE I  Method used to diagnose perioperative pulmo-
nary embolism (n = 158)

Diagnostic method            Patients 
 (n) (%)

CT/MRI/SPIRAL scan 108 (68)
Clinical impression 23 (14)
Ventilation/perfusion scan 16 (10)
Lower extremity Doppler 4 (3)
Autopsy 4 (3)
Angiography 3 (2)
CT = computerized tomography; MRI = magnetic resonance 
imaging. 

TABLE II  Univariate predictors of 30-day survival follow-
ing perioperative pulmonary embolism: patient characteris-
tics

Characteristic (n) Survival, [n (%)] P*

Overall 158 118 (74.7) 
Gender    0.465
 Male 91 70 (76.9) 
 Female 67 48 (71.6) 
Age     0.170
 ≤ 60 52 42 (80.8) 
 61-74 54 41 (75.9) 
 ≥7 5 52 35 (67.3) 
Body mass index (kg·m–2)    0.381
 < 24.9 43 32 (74.4) 
 25 to 29.9 55 41 (74.5) 
 30 to 34.9 33 24 (72.7) 
 35 to 39.9 16 13 (81.3) 
 ≥ 40 7 6 (85.7) 
ASA physical status    0.002
 1–2 47 40 (85.1) 
 3 99 73 (73.7) 
 ≥ 4 10 3 (30.0) 
Smoking history    0.976
 Never 69 51 (73.9) 
 Current 33 24 (72.7) 
 Former 44 34 (77.3) 
 Not known 12 9 (75.0)
*Age and body mass index were treated as continuous variables 
and compared between groups using the t test. All other variables 
were treated as categorical variables, using the categories specified, 
and analyzed using Fisher’s exact test. 
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P < 0.001), diabetes mellitus (odds ratio = 6.9, P = 
0.004), older age (odds ratio = 2.2 per decade, P = 
0.003) and longer duration of surgery (odds ratio = 
1.4 per hour, P = 0.012). 

Discussion
The major finding of this study is that mortality after 
perioperative PE falls within the lower range of mortal-
ity following PE in the general population.23 Among 
predictors of mortality, hemodynamic instability at the 
onset of PE (requiring use of major vasopressors) was 
a strong predictor of 30-day mortality. 

Several studies have examined mortality after PE, in 
general populations.23,28 Heit et al.23 reported 30-day 
and one-year PE mortalities of 44.4%, and 52.3% in a 
general population, which exceeds the mortality fol-

TABLE III  Univariate analysis of factors associated with 
30-day survival after perioperative pulmonary embolism: 
comorbidity factors 

Characteristic Patients Survival P* 
  (n)§ [n (%)]

Hypertension, [n (%)]   0.855
 No 75 57 (76) 
 Yes 83 61 (73.5) 
Cardiac disease   0.669
 No 120 91 (75.8) 
 Yes 38 27 (71.1) 
Peripheral vascular disease   0.024
 No 143 111 (77.6) 
 Yes 15 7 (46.7) 
Stroke or immobility   0.639
 No 130 98 (75.4) 
 Yes 28 20 (71.4) 
Chronic renal insufficiency†    0.533
 No 143 108 (75.5) 
 Yes 15 10 (66.7) 
Diabetes mellitus   0.061
 No 143 110 (76.9) 
 Yes 15 8 (53.3) 
Pulmonary disease   1.000
 No 127 95 (74.8) 
 Yes 31 23 (74.2) 
History of DVT/PE   0.452
 No 147 109 (74.1) 
 Yes 9 8 (88.9) 
Malignancy   0.848
 No 105 79 (75.2) 
 Yes 53 39 (73.6) 
Estrogen therapy¥   0.208
 No 48 37 (77.1) 
 Yes 17 10 (58.8) 
Aspirin or coumadin regular    1.000 
use prior to operation
 No 113 85 (75.2) 
 Yes 43 32 (74.4) 
Perioperative antithrombotic    0.150 
prophylaxis††

 No 43 36 (83.7) 
 Yes 115 82 (71.3) 
*Fisher’s exact test; ¥Calculated for female patients only; §When 
n < 158 indicates missing data; †Patients with preoperative creati-
nine concentrations > 2.0 mg·dL–1; ††These are the patients who 
received at least one of antithrombotic treatments (low-molecular 
weight heparin, unfractionated heparin, compression stockings). 
Cardiac disease includes patients with any of the following diagno-
ses: coronary artery disease, congestive heart failure, and/or atrial 
fibrillation.  
DVT/PE = deep venous thrombosis/pulmonary embolism.

TABLE IV  Univariate analysis of factors associated with 
30-day survival after perioperative pulmonary embolism 
(PE): procedural factors

Characteristic Patients,  Survival, P* 
  (n) [n (%)]

Type of operation, [n (%)]   0.449
 Orthopedic 47 34 (72.3) 
 Major abdominal 32 23 (71.9) 
 Urologic/gynecologic 31 27 (87.1) 
 Neurosurgery 18 12 (66.7) 
 Other surgery 30 22 (73.3) 
Length of surgery (hr)   0.030
 ≤ 2 71 56 (78.9) 
 > 2.1 86 61(70.9) 
Time of PE (days after surgery)   0.686
 ≤ 7 74 58 (78.4) 
 8 to 14 40 27 (67.5) 
 > 14 44 33 (75.0) 
Central vein catheterization   0.021
 No 145 112 (77.2) 
 Yes 13 6 (46.2) 
Intraoperative transfusion†    0.010
 No 127 101 (79.5) 
 Yes 31 17 (54.8) 
Intensive care unit admission    0.001
after PE
 No 101 84 (83.2) 
 Yes 55 32 (58.2) 
Vasopressor/inotrope support    < 0.001
after PE
 No 136 116 (85.3) 
 Yes 18 1(5.6) 
Ventilator support needed    < 0.001
after PE
 No 135 115 (85.2) 
 Yes 17 2 (11.8) 
Vena cava filter inserted after PE   1.000
 No 132 100 (75.8) 
 Yes 23 18 (78.3) 
*Length of surgery and days from surgery to PE were treated as 
continuous variables and compared between groups using the t 
test. All other variables were treated as categorical variables, using 
the categories specified, and analyzed using Fisher’s exact test. 
†Use of any amount of red blood cells, fresh frozen plasma or 
platelets during operation. 
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lowing perioperative PE in our study. Other authors 
reported six-month29 and one-year28 mortalities of 
17% and 23.8%, respectively. For patients who suf-
fered PE and who received thrombolytic therapy, one-
year mortality was 21%.30 The observed discrepancies 
in mortality rates between studies probably reflect 
inclusion of different patient populations, variations 
in study designs and methods of case ascertainment. 
Mortality after perioperative PE has been less fre-
quently described. Mantilla et al.24 reported a 14% 
30-day mortality after probable or definite PE in an 
orthopedic surgery population. Sakon et al.25 con-
ducted a meta-analysis of the incidence and mortality 
of PE after general surgery in Japan between 1985 
and 2002, and reported a 30-day mortality rate of 
31%, which is comparable to our study. The most 
recent study reported 16.9% 30-day mortality after 
postoperative VTE.26 Although the 30-day mortality 
after perioperative PE is high24–26 it still appears to be 
no greater than, or perhaps lower than in the gen-
eral population.23 One potential reason is that many 
people received VTE prophylaxis in the perioperative 
period, while compliance with these treatments may 
vary in the general population. Indeed, within a large 
population based cohort, a subcohort of patients who 
had recent surgery demonstrated increased short-
term survival after VTE.23 At the same time, despite 
standardized anticoagulation prophylaxis in some 
instances, perioperative mortality from VTE is still 
substantial, suggesting that other patient and/or 
procedural factors may play an important role in out-
come. 

As expected, we found that survival was deter-
mined by the severity of PE, as judged by the need 
for supportive therapy at the time of initial clini-
cal presentation. Almost all patients who required 
major vasopressor support following PE died (94.4%), 
presumably reflecting the extent of embolization. 
Meneveau et al.30 demonstrated that the presence of 
hemodynamic instability at PE presentation associated 
with high-grade pulmonary vascular obstruction (> 
70%), persistence of interventricular septal paradoxi-
cal motion and insertion of an intracaval filter after 
an event were independent predictors of a poor in-
hospital course. The need for mechanical ventilation, 
intensive care unit admission, and invasive monitor-
ing (central venous line) all represent surrogates of 
PE severity, and all predicted mortality in univariate 
analysis. 

Prior studies of PE in general populations identified 
several factors associated with mortality. Heit et al.23 
demonstrated that the extent of patient comorbidities 
represents a dominant factor that determines survival 

after PE. Meneveau et al.30 identified the following 
predictors of long-term mortality: age > 75 yr, per-
sistence of pulmonary vascular obstruction greater 
than 30% after thrombolytic therapy and malignancy. 
Other authors confirmed that the most frequent cause 
of death after PE was underlying disease,29 especially 
malignancy, congestive heart failure, and chronic lung 
disease.23,28 

In the present study, many of these factors23 were 
not found to be predictors of mortality using multi-
variable analysis. These findings, however, should be 
interpreted with caution since the current study has 
limited statistical power due to the relatively small 
number of fatalities observed. Univariate analysis did 
demonstrate associations of factors with mortality 
similar to some prior studies. For example, peripheral 
vascular disease and diabetes (which are interrelated 
conditions) were the co-morbid conditions with evi-
dence of an association with 30-day mortality. A high-
er ASA physical status rating, a generalized measure of 
comorbidity, was also a significant univariate predictor 
of mortality in our study. 

Prolonged surgery may be a significant risk factor 
for the development of perioperative VTE.22,26 In the 
present study we found in the univariate analysis that 
an increased length of surgery was associated with 
higher mortality after perioperative PE. A recent large 
prospective study reported an association of increased 
intraoperative transfusion requirements with both the 
incidence of VTE and associated mortality.26 In the 
present study patients who intraoperatively received 
more blood or blood products had an increased 30-
day mortality following PE. 

Study limitations
The major limitation of this study, as in all retrospective 
studies of relatively rare events, is case ascertainment. 
We assume that the occurrence of clinically-rel-
evant PE would be consistently noted in the medical 
records, but we acknowledge that it is almost certain 
that subclinical PEs were not diagnosed in the absence 
of a consistent surveillance strategy. Lack of ascertain-
ment of subclinical PEs would be expected to produce 
a bias towards increased mortality. Furthermore, it is 
possible that surgical patients were lost to follow-up 
within the 30-postoperative days, making it likely that 
not all PE cases that occurred in the perioperative 
period were captured. For example, patients could 
have suffered a fatal perioperative PE after hospital 
discharge without this event having been noted in 
the Mayo medical record. However, we assume that 
this occurrence would be unusual, given patterns of 
routine postoperative follow-up by surgeons and the 
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severity of this event. Lack of ascertainment of these 
PE-related deaths would produce a bias towards 
increased survival. In view of the above limitations we 
did not use the data from the present study to calcu-
late an estimate of the incidence of perioperative PE. 
Finally, the relatively low number of fatalities detected 
in our sample limits our ability to perform meaningful 
multivariable analyses. Given the number of variables 
included in this multivariable analysis and the limited 
number of events observed, this model may be over-
fitting the data (i.e., identifying associations that exist 
in the sample, but which cannot be replicated).31,32 

In conclusion, 30-day mortality after perioperative 
PE was 25.3%. Hypotension at presentation of PE, 
as evidenced by the need for vasopressor support, 
represents a major independent predictor of mortal-
ity. These patients may benefit from more aggressive 
early interventions such as pulmonary embolectomy 
or extracorporeal membrane oxygenation. However, 
optimal treatment for these patients warrants further 
investigations given the extremely high mortality.
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