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  Original Article  

Pulmonary embolism (PE) is a potential cause 
of perioperative morbidity and mortality. Surgery 
increases the risk for the development of PE as patients 
are generally immobilized and,  together with tissue 
trauma, can lead to coagulation, cascade activation, 
and acute inflammatory response. These components 
are consistent with Virchow’s triad(1), which describes 
three contributing factors for thrombus formation. 
Thrombosis is the predominant etiology of PE, 
but it can originate from other causes, for instance, 
air, fat, or bone cement. The overall incidence of 
perioperative PE ranges from 0.06 to 30%(2-9), while 
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fatal PE accounted for 16.9% to 31%(8,10-12). The 
highest incidences are among orthopedic and trauma 
surgery(13). Other perioperative risk factors for PE 
include duration and type of surgery, anesthetic 
technique, and no thromboprophylaxis when 
indicated(13,14).

The diagnosis of PE during perioperative period 
remains challenging because clinical presentation 
may vary from asymptomatic to sudden cardiac arrest 
depending on patient factors, surgical conditions, and 
location of the emboli(15,16). Moreover, the classic signs 
and symptoms in non-anesthetized patients might be 
masked by sedation or general anesthesia. In addition, 
the differential diagnosis for the cardiovascular 
instability accompanying PE is wide-ranging. 
Therefore, it is essential for the anesthesiologists to be 
aware of PE in the perioperative period when clinical 
findings are strongly suggested to provide prompt 
treatment and avoid undesirable complications.

In 2015, the Royal college of Anesthesiologists 
of Thailand (RCAT) endorsed a multicenter study 
of Perioperative and Anesthetic Adverse Events in 
Thailand (PAAd Thai)(17,18). The present study was 
conducted as a part of PAAd Thai study aiming to 
specifically report the cause, severity, and clinical 
course of suspected PE. Furthermore, the authors 
also aimed to identify the contributory factors and the 
factors minimizing the incidents, as well as suggested 
corrective strategies in this large-scale study across 
Thailand.

Materials and Methods
The present retrospective analysis was a part 

of PAAd Thai study, which was conducted between 
January 1 and December 31, 2015. Twenty-two 
hospitals (8 university and 14 service-based hospitals) 
across Thailand were asked to participate and report 
the critical incidents on an anonymous and voluntary 
basis by anesthesia personnel. After receiving 
approval of each institutional ethics committee, the 
study was conducted with exempted inform consent. 
The perioperative adverse events of interests such 
as suspected pulmonary aspiration, esophageal 
intubation, oxygen desaturation, cardiac arrest within 
24 hours, etc., during anesthesia and 24 hours after 
surgery were recorded in a standardized incident 
report form as soon as possible after the occurrence. 
Each critical incident of the first 2,000 incident reports 
was reviewed by the site manager of each institution 
before sending to the data management unit.

For the present study, all incident reports 
of suspected PE were retrieved and reviewed 

independently by three anesthesiologists for data 
collection and analysis. Any discrepancies in the 
reported information were discussed to obtain a 
consensus. The definition of suspected or confirmed 
PE must meet at least one of the following criteria:

• Clinical diagnosis by suggested clinical 
manifestations, for example, sudden dyspnea 
or tachypnea, decrease end-tidal CO₂, hypoxia 
or desaturation, alteration of consciousness, 
hemodynamic instability, combined with a clinical 
document referring to the event of suspected PE(13,15,16).

• Confirmatory diagnosis by computed 
tomography pulmonary angiography (CTPA), 
transthoracic echocardiography, transesophageal 
echocardiography, ventilation-perfusion (VQ) 
scan, spiral computed tomography (CT) scan, or 
autopsy(13,15,16).

Demographic data (such as age, gender, body 
weight, height, American Society of Anesthesiologists 
[ASA] physical status), anesthetic techniques and 
monitors, as well as types of surgery were recorded. 
Details of the critical incidents were also noted and 
extracted from the freehand narrative part of the 
incident report form. These included the timing and 
location at the detection, clinical manifestations, 
confirmatory investigations, treatment, along with 
patient outcomes at 24 hours and seven days after 
the adverse events. Contributing factors, factors 
minimizing incidents as well as suggested corrective 
strategies to avoid each incident of suspected PE were 
also collected. Descriptive statistics were used to 
summarize data, which were presented as frequency 
and percentage.

Results
There were 333,219 anesthetics in the 

participating hospitals according to the PAAd Thai 
database between January 1 and December 31, 2015. 
Among these, there were 17 incident reports of 
suspected PE, which were selected for this review. 
However, one case was excluded due to irrelevant 
diagnosis of the incident of interests. Therefore, 16 
cases remained in the final analysis.

Among the 16 cases of suspected PE, three 
cases (18.7%), 12 cases (75.0%) and one case 
(6.3%) were of the ASA physical status of 2, 3, and 
5, respectively. Most incidents were female (11 
cases; 68.7%), elective surgery (14 cases; 87.5%), 
and the median age was 65 years (ranged from 32 to 
83 years). There were 10 cases (62.5%), three cases 
(12.5%), and one case each (6.2%) in specialties of 
orthopedics, neurosurgery, general surgery, obstetric 
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surgery, and urosurgery, respectively. Eleven cases 
(68.7%) were under general anesthesia, while five 
cases (31.3%) were under regional anesthesia. Eight 
cases (50.0%) occurred in either university or service-
based hospitals.

The etiology of suspected PE was considered 
as mainly thrombosis (13 cases, 81.25%). Venous 
air embolism (VAE) was suggested in two cases 
as the anesthesiologist noticed a pressurized empty 
intravenous (IV) solution bag with large air bubbles 
in the infusion tubing set. One case was observed 
during a rapid administration of peripheral IV fluid 
after spinal anesthesia for cesarean section. The other 
was detected over an aggressive infusion of IV fluid 
through central venous catheter during brain aneurysm 
clipping. Bone cement implantation syndrome 
(BCIS) was the cause suspected PE in one case as 
the patients unexpectedly lost his consciousness 
and developed cardiac arrest five minutes after bone 
cement implantation. The diagnosis was confirmed 
intraoperatively by echocardiography.

Most of the incidents occurred intraoperatively 
(10 cases, 62.5%). Sudden cardiac arrest attributable 
to suspected PE was found in seven cases during the 
maintenance phase of the anesthesia and four cases in 
the postoperative period. Other clinical presentations 
and associated events are described in Table 1.

The reported incidents of suspected PE were 
confirmed in ten cases (62.5%). Among these, the 
two cases of suspected pulmonary air embolism were 
also considered to be proven as air bubbles were 
directly observed in the IV infusion set along with 
the suspected clinical manifestations. Diagnostic 
tests were performed in the other eight cases. 
Echocardiography was the most frequently used 
assessment tool in the present study. The details of 
critical incidents and other types of investigation are 
demonstrated in Table 2 and 3.

Serious adverse outcomes within the first 24 
hours included cardiac arrest (11 cases, 68.75%) and 
death (5 cases, 31.25%) as shown in Table 4. Apart 
from these, major physiologic changes as immediate 
complications were also reported in one case. The 
patient did not regain consciousness after the surgery 
and developed dyspnea, followed by markedly 
decreased oxygen saturation and hypotension. The 
electrocardiogram demonstrated ST depression in lead 
II and findings in the cranial computed tomography 
were consistent with ischemic stroke of the right 
middle cerebral artery territory. Regarding the long-
term outcomes at seven days after the incident, 
complete recovery following suspected PE was found 

in six cases (37.5%). These included the two cases of 
suspected pulmonary air embolism, which only minor 
physiologic changes presented at the time of the event. 
The other four cases were considered to originate 
from thrombosis. Two of these suffered from cardiac 
arrest requiring cardiopulmonary resuscitation. One 
case was found during general anesthesia for open 
nephroureterectomy and the other was detected in the 
intensive care unit shortly following extubation after 

Table 1. Details of suspected pulmonary embolism incidents 
and clinical manifestation (n=16)

Characteristics Number of reports
n (%)

Suspected cause of PE

Thrombosis 12 (75.00)

Air 3 (18.75)

Bone cement 1 (6.25)

Phase when alerted

Induction 1 (6.25)

Maintenance 9 (56.25)

Recovery 4 (25.00)

Post-recovery 2 (12.50)

Diagnostic studies

Echocardiogram 8 (50.00)

CTPA 4 (25.00)

D-dimer 1 (6.25)

Autopsy 1 (6.25)

Location

Operating room 10 (62.50)

Recovery room 4 (25.00)

Intensive care unit 1 (6.25)

Ward 1 (6.25)

Clinical manifestations Intraoperative Postoperative 
(n=6)

Under GA 
(n=7)

Under RA 
(n=3)

Hypoxia/decreased SpO₂ 3 1 3

Decreased ETCO₂ 4 N/A 1*

Hypotension 5 2 3

Petechiae 1 0 0

Alteration of consciousness N/A 2 5

Tachypnea/dyspnea N/A 2 2

Cardiac arrest 5 2 4

PE=pulmonary embolism; CTPA=computed tomography pulmo-
nary angiography; SpO₂=pulse oximetry; ETCO₂=end-tidal carbon 
dioxide; GA=general anesthesia; RA=regional anesthesia; N/A=not 
applicable
* The patient was not extubated after the surgery
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Table 2. Reported cases of suspected PE

Patient Age (years)/sex Operation Technique Phase at alerted Investigation 24-hour outcomes 7-day outcomes

1 63/F Right TKA SAB Recovery • N/A • Unplanned ICU admission

• Minor Physiologic change

• Complete recovery

2 53/F Posterior 
decompression with 

fixation L3-S1

GA Recovery • Chest X-ray

• Echocardiogram

• CTPA

• Unplanned ICU admission

• Cardiac arrest

• Death at day 5

3 58/M Left thoracotomy 
with repair aorta 

GA Induction • N/A • Minor physiologic change • ↑ hospital stay (>7 days)

• Complete recovery

4 65/F Right 
hemiarthroplasty

GA Recovery • Echocardiogram • Cardiac arrest

• Death

• Death

5 65/M Prophylactic internal 
fixation with 

cemented long PFNA 
of left femur

GA Maintenance • N/A • Cancellation of surgery

• Cardiac arrest

• Death

• Death

6 87/M ORIF with long PFNA 
of right femur

SAB Maintenance • Echocardiogram

• CTPA

• Cancellation of surgery 

• Cardiac arrest

• Missing data

7 68/M Laminectomy L3 to 
L5 with PDS L2 to L5

GA Recovery • Echocardiogram

• CTPA

• CT brain

• Ischemic stroke

• Myocardial infarction

• ↑ ventilatory support (20 days)

• ↑ hospital stay (>7 days)

• Vegetative state

8* 50/F Clipping intracranial 
aneurysm

GA Maintenance • N/A • None • Complete recovery

9 80/F ORIF with 
acetabulum 

reconstruction with 
plate

GA Maintenance • N/A • Cancellation of surgery

• Cardiac arrest

• Death

• Death

10 80/F Moore’s 
hemiarthroplasty

GA Post-recovery • N/A • Cardiac arrest

• Death

• Death

F=female; M=male; GA=general anesthesia; SAB=subarachnoid block; N/A=not available; TKA=total knee arthroplasty; L=lumbar level; S=sacral 
level; PFNA=proximal femoral nail antirotation; PDS=pedicular screw fixation; ORIF=open reduction and internal fixation; CTPA=computed 
tomography pulmonary angiography; ICU=intensive care unit
* Suspected PE caused by venous air embolism

Table 3. Reported cases of suspected PE

Patient Age (years)/sex Operation Technique Phase at alerted Investigation 24-hour outcomes 7-day outcomes

11* 32/F Caesarean section 
with tubal resection

SAB Maintenance • N/A • Minor physiologic change • Complete recovery

12 83/M Open 
nephroureterectomy 
with appendectomy

GA Maintenance • Echocardiogram

• CTPA

• Cardiac arrest • ↑ ventilatory support (8 days)

• ↑ hospital stay (>7 days)

• Complete recovery

13# 74/F Moore’s 
hemiarthroplasty

SAB Maintenance • Echocardiogram • Cardiac arrest

• Unplanned ICU admission

• Cancellation of surgery

• N/A    
(referral to another hospital)

14 54/F Transoral 
odontoidectomy 
with posterior 
wiring C1-C2

GA Recovery • Echocardiogram 

• D-dimer   
(>4,000 mcg/litre)

• Cardiac arrest • ↑ ventilatory support (7 days)

• ↑ hospital stay (17 days)

• Complete recovery

15 67/F Open reduction and 
skeletal traction of 

right femur

GA Maintenance • N/A • Cardiac arrest

• Unplanned ICU admission

• Cancellation of surgery

• ↑ ventilatory support (>7 days)

• ↑ hospital stay (>7 days)

• Toe gangrene in both feet   
requiring amputation

• Re-operation at day 24

16 55/F Explore lap for 
liposarcoma removal

GA Maintenance • Echocardiogram

• Autopsy

• Death • Death

F=female; M=male; GA=general anesthesia; SAB=subarachnoid block; N/A=not available; C=cervical level; CTPA=computed tomography pulmo-
nary angiography; ICU=intensive care unit
* Suspected PE caused by venous air embolism, # Suspected PE caused by bone cement embolism
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transoral odontoidectomy. Although both patients 
made a full recovery, they experienced prolonged 
ventilatory support and hospital stay. Fatal outcome 
was found in six cases (37.5%). Other serious long-
term complications included prolonged ventilatory 
support as well as hospital stay, ischemic toes 
requiring amputation, re-operation, and vegetative 
state. Both immediate and long-term outcomes are 
presented in Table 4.

As for the perspectives on the contributing 
factors, the attending anesthesiologists regarded 
inexperience and emergency situations as the 
most attributable part of the incident. Therefore, 
considerations to minimize the suspected PE outcomes 
included having more self-experience along with the 
help from experienced assistants and influencing 
interdepartmental communication. Finally, for the 
suggested corrective strategies, implementation 
of appropriate clinical practice guideline, quality 
assurance activity, and improvement of supervision 
were principally considered.

Discussion
Perioperative pulmonary PE can lead to serious 

adverse events and fatal outcomes. The present study 
reported 16 cases of suspected PE from the first 2,000 
incidents of the PAAd Thai study. Among these, 
thrombosis was considered as the main etiology. 
However, the confirmatory diagnosis was established 
in approximately half of all cases. The present study 

findings also demonstrated suspected PE as the cause 
of cardiac arrest in almost 70% and the mortality rate 
was about one third of all cases.

Previous studies described the incidence of 
perioperative PE varying from 0.06% to 30% 
depending on the type of surgery(2-9). These findings 
are consistent with the authors’ results as the highest 
rate was among orthopedic surgery. However, the 
reported incidence of suspected PE in the present 
study might be underestimated. This is probably due 
to the unspecific PE symptoms, making the diagnosis 
less likely to be recognized. Orthopedic patients are at 
high risk of developing PE, especially in hip and knee 
arthroplasty as well as surgery of fracture of lower 
extremity. The analysis of suspected PE in Thai AIMS 
reported 12 cases of suspected PE (0.6% of 1996 
incident reports)(16). Among these, four cases (33.33%) 
underwent orthopedic surgery. The authors’ results 
demonstrated a higher proportion rate of 62.5% (10 
cases) and most of them were diagnosed of fractures 
of the hip or femur.

Sakon et al reviewed the incidence of clinical PE 
in general surgery in Japan. Their study demonstrated 
that the overall incidence of PE was 0.33%(8). However, 
the incidence was interestingly more in cancer surgery 
(1.6%). One possibility was due to longer operation 
time as the surgery was more extensive. Moreover, 
tissue factor and cancer procoagulant are produced by 
tumor cells, which predisposes hypercoagulable state 
in these patients. In the present study, the authors also 
found two cases of suspected PE in intra-abdominal 
surgery. Both patients were primarily diagnosed with 
malignancy.

Maintaining a high index of suspicion in the 
setting of risk factors remains crucial on timely 
diagnosis and management of PE. In the present 
study, the most suggestive symptoms in patients 
under regional anesthesia and postoperative period 
were loss of consciousness, hypotension, and 
dyspnea along with desaturation. These findings are 
compatible with the previous retrospective studies. 
Kürkciyan et al analyzed the clinical presentation 
and diagnosis in patient with cardiac arrest admitted 
to the emergency department after PE(19). The most 
suggestive reported symptoms in their study were 
sudden dyspnea and syncope. In addition, Kim et 
al evaluated PE in the postoperative orthopedic 
patients using spiral CT scans(20). The symptoms most 
frequently related to positive scans were shortness 
of breath and low oxygen saturation (SpO₂ <90%). 
Nevertheless, during general anesthesia, symptoms 
such as tachypnea or alteration of consciousness are 

Table 4. Immediate and long-term outcomes (n=16)

Adverse outcomes Number of reports
n (%)

Immediate outcomes within 24 hours

Cardiac arrest 11 (68.75)

Death 5 (31.25)

Cancellation of surgery 5 (31.25)

Unplanned ICU admission 4 (25.00)

Minor physiologic change 3 (18.75)

Major physiologic change 1 (6.25)

Long-term outcomes at 7 days

Death 6 (37.50)

Complete recovery 6 (37.50)

Prolonged hospital stay (> 7 days) 5 (31.25)

Prolonged ventilatory support 4 (25.00)

Missing data 2 (12.50)

Others 3 (18.75)

ICU=intensive care unit
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obscured by anesthetics and mechanical ventilation. 
Therefore, clinical findings, for instance, tachycardia, 
hypotension, elevated jugular venous pressure, and 
abrupt decrease in end-tidal CO₂, are more useful 
indicators. Signs of pulmonary hypertension including 
gallop rhythm at the left sternal border and loud 
pulmonic component of second heart sound may also 
be observed. However, the clinical course usually 
deteriorates rapidly. The presence of cardiovascular 
collapse is a reliable predictor of fatal outcome in 
patients with acute PE(10). Thus, presumptive diagnosis 
should be determined before obtaining definitive 
imaging studies to initiate timely management.

There are several modalities of investigation 
available to establish or exclude the diagnosis 
of PE. However, these might not be feasible for 
hemodynamically unstable or anesthetize patients. 
In the present study, confirmatory diagnostic tests 
were performed in half of all cases. Of these, 75% 
were in the university hospital. The reason might 
be because university hospitals in Thailand carried 
more resources such as specialists, advanced imaging 
studies, as well as laboratory tests than serviced-based 
hospitals. Echocardiogram was the most preferred 
diagnostic tool in the present series. This could be 
because it was readily available and more convenient 
to be used in any locations. In the evaluation of acute 
PE, echocardiogram can demonstrate the evidence 
of right ventricular dysfunction. Apart from that, 
the more typical echocardiograph signs can also be 
revealed such as right heart thrombus, shortened 
pulmonary ejection, acceleration time, certain 
tricuspid regurgitation, or notably the McConnell’s 
sign, which is the hypokinesis of right ventricular 
free wall with normal contraction of the apical 
segment(21,22). At the same time, echocardiography 
can differentiate other possible causes, especially 
co-existing cardiac conditions in which unspecific 
signs and symptoms of acute PE can be seen. CTPA is 
the gold standard of diagnostic imaging to detect PE. 
Nevertheless, the patients must be hemodynamically 
stable enough to be transported(15). It is also time 
consuming and not always available in every hospital. 
In the authors’ report, 25% of all cases had a verified 
diagnosis of PE by CTPA and all of them were in 
university hospitals.

Fatal outcome is the deleterious complication 
following perioperative PE. In the present study, 
the mortality rate at 24 hours and seven days 
after the onset of suspected PE was 31.25% and 
37.5%, respectively. All patients with fatal outcome 
suffered from cardiac arrest at the time of initial 

clinical presentation. The present study findings are 
comparable to the study among Japanese surgical 
patients, which reported the overall mortality rate of 
31%(8). Comfere et al demonstrated that the severity 
of acute PE affected the survival outcome. In patients 
undergoing non-cardiac surgery, the 30-day mortality 
following symptomatic PE was 25.3%(10). Strong 
predictors included hemodynamic instability needing 
treatment at the onset of PE, conditions requiring the 
use of mechanical ventilation, and ICU admission. 
Obviously, those predictors indicated the severity of 
PE. Additionally, higher ASA physical status, longer 
operation time, and blood component transfusion 
were also significant risk factors associated with 
mortality(10). The pulmonary embolism severity index 
(PESI) has been validated to assess the risk of death 
from PE ranging from 0.8% to 27%(23). It has been 
shown to significantly correlate with the 30-day 
mortality rate for prediction of the patient prognosis. 
The score consists of 11 clinical variables (age older 
than 80 years, male gender, cancer, congestive heart 
failure, chronic lung disease, tachycardia more than 
110 bpm, systolic blood pressure of less than 100 
mmHg, respiratory rate of more than 30 per minute, 
body temperature of less than 36℃, altered mental 
status, and arterial oxygen saturation of less than 
90%). Additional potential factors from other prior 
studies included the use of thromboprophylaxis(24). 
However, in the present study, there were no 
documentations in the context of thromboembolic 
prevention. Therefore, identification of perioperative 
risk factors for fatal PE would be beneficial to the 
management plan, especially for the high-risk patients 
in whom more vigorous treatment are required. To that 
purpose, implementation of clinical practice guideline 
regarding prevention of venous thromboembolism 
and improved interdepartmental collaboration should 
be considered as valuable corrective strategies as 
suggested by the attending anesthesiologists.

VAE can also cause the clinical manifestations   
of pulmonary vascular obstruction. The etiology 
might be from surgical or anesthesia related. The latter 
included central venous catheterization, unrecognized 
epidural vein cannulation, the use of non-primed IV 
infusion set or pressure infusion bag. The morbidity 
and mortality depend on the volume of air entrainment 
and rate of accumulation(25). If the volume is large, 
life-threatening effects on the cardiopulmonary as 
well as cerebrovascular systems will be presented. 
The air volume greater than 5 mL/kg can cause 
complete outflow obstruction of the right ventricle, 
leading to right-side heart failure and cardiovascular 
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collapse. The present study reported two cases of 
suspected PE from VAE, which resulted from rapid 
pressurized IV fluid infusion. These incidents are 
considered preventable; therefore, increased vigilance 
along with supervision are encouraged for primary 
minimizing factors.

BCIS is a potential cause of deleterious 
complication in patients undergoing cemented 
bone surgery. The incidence is highest among 
hemiarthroplasty(26). The important clinical features 
include rapid hypoxia, hypotension, altered mental 
status, arrhythmia, or even cardiac arrest, in which 
occurs around the time of cementation. The severity 
of BCIS can be classified into three grades ranging 
from grade 1, moderate hypoxia and hypotension, 
to grade 3, cardiovascular collapse requiring 
cardiopulmonary resuscitation. The present study 
reported one case of confirmed PE with cardiac arrest 
caused by embolization from BCIS during Moore’s 
hemiarthroplasty. However, the long-term outcome in 
this patient was missing because he was transferred 
to another hospital after returning of spontaneous 
circulation. The significant risk factors for developing 
severe BCIS are patients with pre-existing pulmonary 
hypertension or cardiac disease, male gender, 
diuretic use, pathological fracture, inter-trochanteric 
fracture, and long-stem arthroplasty(26,27). Therefore, 
the Association of Anaesthetists of Great Britain 
and Ireland published the guideline for reducing the 
incidence of BCIS in cemented hip arthroplasty as 
follows: 1) identification of high-risk patients for 
cardiopulmonary compromise, 2) preparation of 
team and identification of roles in case of the severe 
reaction incident, and 3) intraoperative vigilance 
and effective communication between surgeons and 
anesthesiologists(27).

There are some limitations in the present study. 
Firstly, there was missing or incomplete information 
from the medical reports even if the site manager in 
each hospital collected and reviewed the data before 
sending the incident reports to the data management 
unit. Secondly, some minor incidents or outcomes 
might be underestimated since the difficult diagnosis 
of PE depends on a high index of suspicion and ruling 
out other possible conditions of the presenting clinical 
signs. Thirdly, because the resources for confirmatory 
tests are limited in some hospitals, the true incidence 
of perioperative PE remains uncertain. However, to 
minimize these problems, there were a great number 
of meetings and workshops before the participating 
hospitals became a part of this multicenter project, 
allowing them to be familiar with the definitions and 

the reporting system.

Conclusion
The incidence of perioperative suspected PE 

among Thai surgical patients is rare, but the mortality 
related to cardiac arrest is high. The etiology can 
be multifactorial. Presence of risk factors for PE 
combined with sudden change of consciousness 
and vital signs should lead anesthesiologists to be 
aware of this complication to initiate the timely 
management before obtaining diagnostic studies. The 
potential strategies for prevention of the incidence 
and minimizing the outcomes include implementation 
of the clinical practice guideline as well as the 
multidisciplinary planning and discussion.

What is already known on this topic?
Perioperative PE is difficult to diagnose only 

by clinical symptoms and could lead to detrimental 
outcomes. Among these, thrombosis is the common 
cause and orthopedic patients are at higher risk of 
developing PE.

What this study adds?
The present study demonstrated that confirmatory 

tests for investigation of PE were not readily 
available across Thailand. Therefore, presumptive 
clinical diagnosis was important for the prompt 
treatment. Preventable morbidity and mortality 
might be minimized by more experiences, having 
the help from experienced assistants, and improved 
multidisciplinary support. The recommended 
corrective strategies are the implementation of a 
clinical practice guideline and quality assurance 
activity.

Acknowledgement
The present research was accomplished through 

the personal sacrifices and inspiration of Thai 
anesthesiologists together with all personnel and 
with the cooperation of the heads of departments 
of anesthesiology of all participating sites in 
this multicentered study. The Royal College of 
Anesthesiologists of Thailand and the PAAd 
Thai Study group express their deep gratitude 
to project advisors Professor Thara Tritrakarn, 
Professor Somsri Paosawasdi, Associate Professor 
Khun Wanna Somboonwiboon, and Associate 
Professor Oranuch Kyokong for their exceptional 
encouragement, suggestions, and advice. The study 
was financially supported by the Royal College of 
Anesthesiologists of Thailand, Faculty of Medicine 



876 J Med Assoc Thai | Vol.103 | No.9 | September 2020

of Chiang Mai University, Chulalongkorn University 
(Rachadapisakesompotch fund RA58/012), Khon 
Kaen University, Mahidol University (Siriraj Hospital 
and Ramathibodi Hospital), Prince of Songkla 
University, National Research Council of Thailand, 
and the Health System Research Institute and National 
Research Council of Thailand.

Conflicts of interest
The authors declare no conflict of interest.

References
1. Malone PC, Agutter PS. The aetiology of deep venous 

thrombosis. QJM 2006;99:581-93.
2. Cionac FS, Anastase DM, Munteanu AM, Stoica IC, 

Antonescu D. Venous thromboembolism following 
major orthopedic surgery. Maedica (Buchar) 
2013;8:189-94.

3. Dillioglugil O, Leibman BD, Leibman NS, Kattan 
MW, Rosas AL, Scardino PT. Risk factors for 
complications and morbidity after radical retropubic 
prostatectomy. J Urol 1997;157:1760-7.

4. Jacobsen AF, Drolsum A, Klow NE, Dahl GF, Qvigstad 
E, Sandset PM. Deep vein thrombosis after elective 
cesarean section. Thromb Res 2004;113:283-8.

5. Martino MA, Borges E, Williamson E, Siegfried S, 
Cantor AB, Lancaster J, et al. Pulmonary embolism 
after major abdominal surgery in gynecologic 
oncology. Obstet Gynecol 2006;107:666-71.

6. Pettus JA, Eggener SE, Shabsigh A, Yanke B, 
Snyder ME, Serio A, et al. Perioperative clinical 
thromboembolic events after radical or partial 
nephrectomy. Urology 2006;68:988-92.

7. Rasmussen MS, Wille-Jørgensen P, Jorgensen LN. 
Postoperative fatal pulmonary embolism in a general 
surgical department. Am J Surg 1995;169:214-6.

8. Sakon M, Kakkar AK, Ikeda M, Sekimoto M, 
Nakamori S, Yano M, et al. Current status of 
pulmonary embolism in general surgery in Japan. Surg 
Today 2004;34:805-10.

9. Swenson CW, Berger MB, Kamdar NS, Campbell 
DA Jr, Morgan DM. Risk factors for venous 
thromboembolism after hysterectomy. Obstet Gynecol 
2015;125:1139-44.

10. Comfere TB, Sprung J, Case KA, Dye PT, Johnson 
JL, Hall BA, et al. Predictors of mortality following 
symptomatic pulmonary embolism in patients 
undergoing noncardiac surgery. Can J Anaesth 
2007;54:634-41.

11. Gangireddy C, Rectenwald JR, Upchurch GR, 
Wakefield TW, Khuri S, Henderson WG, et al. 
Risk factors and clinical impact of postoperative 
symptomatic venous thromboembolism. J Vasc Surg 
2007;45:335-41.

12. Mantilla CB, Horlocker TT, Schroeder DR, Berry 
DJ, Brown DL. Frequency of myocardial infarction, 

pulmonary embolism, deep venous thrombosis, and 
death following primary hip or knee arthroplasty. 
Anesthesiology 2002;96:1140-6.

13. Desciak MC, Martin DE. Perioperative pulmonary 
embolism: diagnosis and anesthetic management. J 
Clin Anesth 2011;23:153-65.

14. Arcelus JI, Kudrna JC, Caprini JA. Venous 
thromboembolism following major orthopedic 
surgery: what is the risk after discharge? Orthopedics 
2006;29:506-16.

15. Smeltz AM, Kolarczyk LM, Isaak RS. Update on 
perioperative pulmonary embolism management: A 
decision support tool to aid in diagnosis and treatment. 
Adv Anesth 2017;35:213-28.

16. Chularojmontri T, Kositanurit I, Charuluxananan S, 
Sriraj W, Punjasawadwong Y, Pulnitiporn A. The Thai 
Incident Monitoring Study (Thai AIMS) of suspected 
pulmonary embolism: an analysis of 1996 incident 
reports. J Med Assoc Thai 2011;94:89-97.

17. Punjasawadwong Y, Srisaj W, Charuluxananan S, 
Akavipat P, Ittichaikulthol W, Lapisatepun W, et 
al. Perioperative and Anesthetic Adverse Events 
in Thailand (PAAd Thai) incident reporting study: 
hospital characteristics and methods. Asian Biomed 
(Res Rev News) 2017;11:33-9.

18. Charuluxananan S, Sriraj W, Punjasawadwong Y, 
Pitimana-Aree S, Lekprasert V, Werawatganon T, 
et al. Perioperative and Anesthetic Adverse events 
in Thailand (PAAd Thai) incident reporting study: 
Anesthetic profiles and outcomes. Asian Biomed (Res 
Rev News) 2017;11:21-32.

19. Kürkciyan I, Meron G, Sterz F, Janata K, Domanovits 
H, Holzer M, et al. Pulmonary embolism as a cause of 
cardiac arrest: presentation and outcome. Arch Intern 
Med 2000;160:1529-35.

20. Kim HJ, Walcott-Sapp S, Leggett K, Bass A, Adler RS, 
Pavlov H, et al. Detection of pulmonary embolism in 
the postoperative orthopedic patient using spiral CT 
scans. HSS J 2010;6:95-8.

21. McConnell MV, Solomon SD, Rayan ME, Come PC, 
Goldhaber SZ, Lee RT. Regional right ventricular 
dysfunction detected by echocardiography in acute 
pulmonary embolism. Am J Cardiol 1996;78:469-73.

22. Kurnicka K, Lichodziejewska B, Goliszek S, 
Dzikowska-Diduch O, Zdończyk O, Kozłowska M, 
et al. Echocardiographic pattern of acute pulmonary 
embolism: analysis of 511 consecutive patients. J Am 
Soc Echocardiogr 2016;29:907-13.

23. Aujesky D, Obrosky DS, Stone RA, Auble TE, 
Perrier A, Cornuz J, et al. Derivation and validation 
of a prognostic model for pulmonary embolism. Am 
J Respir Crit Care Med 2005;172:1041-6.

24. Duranteau J, Taccone FS, Verhamme P, Ageno 
W. European guidelines on perioperative venous 
thromboembolism prophylaxis: Intensive care. Eur J 
Anaesthesiol 2018;35:142-6.

25. Mirski MA, Lele AV, Fitzsimmons L, Toung TJ. 
Diagnosis and treatment of vascular air embolism. 



J Med Assoc Thai | Vol.103 | No.9 | September 2020 877

Anesthesiology 2007;106:164-77.
26. Donaldson AJ, Thomson HE, Harper NJ, Kenny NW. 

Bone cement implantation syndrome. Br J Anaesth 
2009;102:12-22.

27. Griffiths R, White SM, Moppett IK, Parker MJ, 

Chesser TJ, Costa ML, et al. Safety guideline: reducing 
the risk from cemented hemiarthroplasty for hip 
fracture 2015: Association of Anaesthetists of Great 
Britain and Ireland British Orthopaedic Association 
British Geriatric Society. Anaesthesia 2015;70:623-6.


