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ABSTRACT

AIM: To detect the silent pulmonary thromboembolism (SPTE) frequency in patients who underwent craniotomy for a brain tumor, 
and to examine the correlation based on the data obtained from patients.   
MATERIAL and METHODS: Overall, 100 patients with brain tumors were included in the study. The mean age was 54.29 years 
(±12.5 years), with the youngest patient being 19 years old and the oldest 73 years. All patients underwent craniotomy, and a 
pulmonary ventilation-perfusion scintigraphy was performed 48 h after surgery to detect SPTE. The frequency of SPTE and the 
conditions related to it were investigated. 
RESULTS: The incidence of SPTE was 26% in patients with a brain tumor who underwent craniotomy. Statistically, no correlation 
was observed between SPTE and data obtained from patients (tumor histopathology, tumor localization, perilesional edema, midline 
shift, bleeding time, surgical positioning, smoking history, age, duration of surgery, etc.).
CONCLUSION: Our study revealed a high rate of SPTE in patients with a brain tumor who underwent craniotomy. Although most 
articles suggest using anticoagulant therapy in these patients, the literature lacks definite evidence for the same.
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algorithm is available upon detection, and no clinical findings 
are noted. In addition, because the treatment involves using 
anticoagulants, there is an impending risk of bleeding in the 
postoperative patient.

In this study, we used pulmonary ventilation-perfusion 
scintigraphy (V/Q scan) to detect SPTE in patients who 
underwent craniotomy for cranial tumors. The incidence of 
SPTE and its correlation with patients’ data were analyzed.

█   MATERIAL and METHODS
This study included 100 patients who underwent surgery 
for a brain tumor at Prof. Dr. Cemil Taçcıoğlu City Hospital 
and underwent a pulmonary V/Q scan in the first 48 hours. 

█   INTRODUCTION

Despite signs and symptoms, such as chest pain, 
shortness of breath, and hemoptysis, not being 
specific or sensitive for pulmonary embolism (PE), 

90% of cases are diagnosed based on clinical suspicion 
(10,12). Notably, PE should be suspected if the patient has 
adequate predisposing factors (10).

Silent pulmonary thromboembolism (SPTE) has been labeled 
as incidental, unsuspected, asymptomatic, or a combination 
thereof (6). It is detected unexpectedly, and there are no 
clinical findings. SPTE can cause rapid neurological and 
clinical changes and should be considered in postoperative 
patients with a brain tumor. Nonetheless, no clear treatment 
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Patients with preoperative lung lesions (atelectasis, lung 
cancer, chronic obstructive pulmonary disease, etc.) were not 
included. Moreover, patients who were intubated for more 
than 1 day in the preoperative or postoperative periods were 
not included.

The neurological and clinical findings of patients, 
comorbidities, medications, tumor localization, presence and 
degree of perilesional edema, operative procedure, surgery 
duration, amount of preoperative bleeding, postoperative 
neurological and clinical findings, and tumor pathology were 
recorded. A pulmonary V/Q scan was performed in the first 48 
hours postoperatively to detect SPTE. Perfusion defects were 
recorded by the nuclear medicine department.

The incidence of SPTE during the postoperative period in 
patients with a brain tumor and the correlation between 
patient data and SPTE were investigated.

Statistical analysis was performed using the SPSS 17.0 sta-
tistical package software. Continuous variables were summa-
rized as medians or means and SDs. The effect of various 
categorical variables on the occurrence of SPTE was tested 
using the chi-square test. A two-sided p value of <0.05 was 
considered statistically significant. Furthermore, a multivariate 
analysis was conducted using a forward stepwise logistic re-
gression analysis to evaluate the risk factors associated with 
SPTE.

█   RESULTS
A total of 100 patients who underwent a craniotomy at our 
institute between 2017 and 2019 were included. Of these, 52 
patients were women and 48 men. The ages of patients were 
between 19 and 73 years, with an average of 54.29 years.

Patients were grouped based on the result of the pulmonary 
scintigraphy performed in the postoperative period to evaluate 
SPTE. Groups were named as group A (no perfusion defect on 
the scintigraphy) (Table I) and group B (segmental perfusion 
defect on scintigraphy) (Table II).

Preoperative Evaluation

Group A had 74 patients, with ages between 19 and 73 years 
(average 52.5 years). Of these, 40 were women and 34 men. 
Among these, 34 patients were either a pre-smoker or current 
smoker, with an average of 16 packets per year. 14 patients 
had a history of hypertension, 10 had diabetes mellitus (DM), 
and six had both. Four patients had breast cancer, two 
patients had lymphoma, and four had gastrointestinal cancer. 
Preoperative examination revealed only 12 patients with 
hemiparesis.

Tumor was located on the left side in 38 patients, on right 
side in 30, and midline in 6. Tumors were located in the frontal 
lobe (n=20), frontoparietal lobe (n=4), temporal lobe (n=14), 
temporoparietal lobe (n=6), parietal lobe (n=18), occipital lobe 
(n=4), cerebellum (n=4), and lateral ventricle (n=4). Perilesional 
edema was graded as 0 (no edema) or 1 (prominent edema in 
T2 and FLAIR sequences). Overall, 61 patients had perilesional 
edema and 33 of them had a midline shift.

Group B comprised 26 patients, with ages between 19 and 
73 years (average 59.4 years). Of these, 12 were women, and 
14 were men. 10 patients were either a pre-smoker or current 
smoker with an average of 18 packets per year. Furthermore, 
10 patients had primary hypertension, and four patients had 
both hypertension and diabetes. Preoperative neurological 
evaluation revealed six patients with hemiparesis. Tumor was 
located in the right hemisphere in 12 patients, left hemisphere 
in 10, and in the midline in 4. Tumor locations were the frontal 
lobe (n=8), thalamus (n=2), temporal lobe (n=2), parietal 
lobe (n=4), frontoparietal (n=4), temporoparietal (n=4), and 
frontotemporoparietal (n=2). 19 patients had perilesional 
edema, and 11 of them had midline shift.

Some cranial images of each group are illustrated in Figure 1.

Surgery

In group A, 67 patients were operated in the supine position, 
and 7 were operated in the prone position. The average 
duration of surgery was 180 min (120–255 min). For head 
positioning, the Mayfield head holder was used in 59 patients, 
and the horse-shoe shaped headrest was used in 15. Subtotal 
resection was performed in 28 patients, and 46 patients 
underwent total tumor excision. The average blood loss was 
338 cc (338 ml). Overall, 64 patients were extubated in the 
operating room, and 10 were extubated in the intensive care 
unit after 6 hours postoperatively on an average.

Table I: Patients Who Had No Perfusion Defect on the Scintigraphy 
After Cranial Operation (Group A)

Pathology n

Glioblastoma 21

Meningioma WHO Grade 1 19

Astrocytoma WHO Grade 3 10

Carcinoma Metastasis 8

Oligodendroglioma WHO Grade 2 6

Meningioma WHO Grade 2 6

Astrocytoma WHO Grade 2 3

Colloid Cyst 1

Table II: Patients Who Had Segmental Perfusion Defect on 
Scintigraphy After Cranial Operation (Group B)

Pathology n

Meningioma WHO Grade 1 9

Glioblastoma 7

Astrocytoma WHO Grade 3 4

Oligodendroglioma WHO Grade 2 2

Meningioma WHO Grade 2 2

Astrocytoma WHO Grade 2 2
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In group B, all patients were treated in the supine position. The 
average duration of surgery was 204 min (90–300 minutes). 
For head positioning, the Mayfield head holder was used in all 
patients. Subtotal resection was performed in eight patients, 
and total excision was achieved in 18 patients. The average 
blood loss was 367 mL for all patients. Overall, 22 patients 
were extubated immediately in the operating room, and 
four were extubated in the intensive care unit after 8 hours 
postoperatively on an average.

Compression stockings were worn on all patients during 
surgery and postoperative intensive care and removed when 
they begin to mobilize. All patients stayed in the intensive care 

unit for 1 day and were mobilized an average of 2-4 hours 
after transfer to the neurosurgery service. Since all patients 
included in the study were mobilized within the first 30 hours 
postoperatively, no prophylaxis was applied. Compression 
stockings were worn on all patients during surgery and 
postoperative intensive care and removed when they begin to 
mobilize. Pulmonary scintigraphy was performed in 48 h after 
surgery to avoid the possible effects of pulmonary embolism 
in the late postoperative period. As previously described, no 
perfusion defects were noted in group A (Figure 2). In group 
B, 16 patients had bilateral, and 10 had unilateral segmentary 
perfusion defects (Figures 3-5). These defects were either 

Figure 2: A patient with a normal 
scintigraphy imaging.

Figure 1: Contrast enhanced T1W axial brain MRI 
of patients. Images of two patients with contrast 
enhancement are presented above. Images of 
two cystic tumors with prominent perilesional 
edema and midline shift are presented below.
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Figure 4: A patient with perfusion defect in the left basal segments.

Figure 3: A patient with an abnormal signaling observed on pulmonary scintigraphy. The patient has perfusion defects in both basal and 
apical segments bilaterally.

in the upper lobe or basal lung segments. A pulmonologist 
assessed all patients with perfusion defects, and only one 
patient was continued on low-molecular-weight heparin 
(enoxaparin sodium). Lower extremity Doppler ultrasound was 
performed in all patients. D-dimer levels were evaluated, and 
were in the normal range (0–500 μg/L) for all patients except 
one patient whose D-dimer was calculated to be 702 μg/L 
and consequently received treatment. The rest of the patients 
were continued on subcutaneous injection until postoperative 
mobilization except if they had been previously on oral 
anticoagulant therapy. These patients received the injections 

until it was decided that the use of oral anticoagulants was 
safe with no risk of intracranial bleeding.

SPTE was detected in 26% of our patients. No correlation 
was observed with either tumor histopathology or localization 
(p>0.05). Perilesional edema and midline shift were not 
relevant in PE (p>0.05). In addition, the amount of bleeding, 
surgical positioning, and smoking history did not alter the 
results (p>0.05). Even though statistically, no correlation was 
noted with the patient’s age and duration of surgery, this study 
observed that PE occurred more frequently in older patients 
and those with a longer surgery duration.
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72%), hypercoagulable state, steroid use, and tumor-induced 
hemostatic alterations (20).

The risk is estimated to be 15% for glial tumors and 7.1% for 
meningiomas (19). Longer duration of surgical procedure, os-
motherapeutic drugs, intraoperative bleeding, chemotherapy, 
and steroids were associated with an increased risk (15,19). A 
study determined that the risk was more for patients under-
going a cranial procedure compared with spinal interventions 
(19).

All these data were obtained by evaluating patients who had 
signs of PE in the clinic and who were determined to have PE 
radiologically or with blood tests.

Notably, no information is available in the literature regarding 
the incidence of STPE in brain surgery patients, its clinical 
reflections, and treatment modalities if detected because 
there are no other studies similar to ours. In our department, 
we make patients wear compression stockings preoperatively 
and provide low-molecular-weight heparin subcutaneously 
on the first postoperative day as prophylactic measures. 
However, no consensus and strict guidelines are available that 
suggest these measures.

Nevertheless, with the development of imaging techniques 
and frequent thoracic imaging, especially in patients with 
cancer and trauma, the detection rates of SPTE have 
increased. However, based on the high detection rates, some 
researchers have questioned whether the detected SPTE was 
indeed clinically silent. Abdel-Razeq et al. noted that some 
patients had signs and symptoms of PE on their retrospective 
investigations (1). O’Connell et al. observed that 44% of their 
52 study patients had PE symptoms or signs but missed them 
(14).

Nonetheless, no precise information is available regarding 
the treatment modality when SPTE is detected (5). Until date, 
several physicians have applied anticoagulant therapy in 
patients with PE, whether symptomatic or non-symptomatic 
(1,7,18).

█   DISCUSSION
PE is the obstruction of pulmonary arteries by a thrombus, 
causing pulmonary circulation and respiratory failures (6,19). 
SPTE is an earlier stage of PE and has an atypical presentation 
(19).

The mean prevalence of SPTE is 2.6% (ranging from 1.2% in 
outpatients to 4% in inpatients). It is more common in patients 
with cancer than those without cancer (4). V/Q scan may be an 
ideal method for detecting SPTE in patients with younger age, 
normal chest X-ray, low clinical risk, pregnancy, suspected 
contrast mediated allergy, and renal failure because it involves 
neither radiation exposure nor contrast agent (3,9,12).

For neurosurgical patients, the risk of PE is estimated to be 
5% and mortality 9%–50% (20). Notably, prolonged bed rest, 
cancer, and preoperative hypercoagulability may increase 
the risk for PE (10). Moreover, a history of thromboembolism, 
cardiac disease, cancer, obesity, and prolonged immobility 
have been proven to be the predisposing factors (10). In our 
analysis, it was observed that prolonged surgery increased the 
risk of SPTE. Moreover, the horseshoe-shaped headrest was 
used in 40% of patients with segmentary pulmonary defects. 
This finding could be explained based on the more unstable 
positioning of the patient with the horseshoe headrest 
apparatus.

In a study by Sawaya et al., it was noted that the duration of 
symptoms correlated with the risk of venous thromboembolism 
(VTE) (15). It is suggested that a longer period of tumor growth 
may be associated with increased release of thrombogenic 
material (15). In the same study, edema was not observed to 
increase the risk of VTE (15).

Immobility is related to stasis of blood flow, as included 
in the Virchow triad of stasis, endothelial injury, and 
hypercoagulability (11). Notably, the risk in neurosurgical 
patients may increase with the premorbid state, type of surgical 
procedure, specific conditions (risk of VTE in meningioma is 

Figure 5: A patient with right basal segmentary perfusion defect on pulmonary scintigraphy.
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