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Abstract

Introduction: Lumbar spine laminectomy and spinal fixation are common procedures, associated with several recognized com-
plications. Thromboembolic events have been reported during these types of procedures; although their incidence is low, the asso-
ciated mortality is not.
Case Presentation: We present a 53-year-old woman with no medical history or risk factors for thromboembolic events, who un-
derwent lumbar spine laminectomy and posterior spinal fixation. The clinical findings indicated the risk of pulmonary embolism
following surgery, which was confirmed via capnography, arterial blood gas, electrocardiography, and computed tomography an-
giography.
Conclusions: Pulmonary embolism may be diagnosed, based on clinical findings and simple data provided by the analysis of vital
signs and monitoring in the operating room.
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1. Introduction

Lumbar spine laminectomy and spinal fixation are
common procedures (1), associated with some recognized
complications, such as postoperative infections (2), nerve
root damage, dural tear (3), and pulmonary embolism (PE)
(4), which can be fatal (5). The prevalence of thromboem-
bolic events during these types of procedures ranges from
0% to 13% (6). Despite the low incidence of these events, the
associated mortality is high (5).

Although there are many studies discussing the risk
factors and incidence of PE (6), case reports are scarce
(5). In this paper, we report a case of bilateral PE, which
occurred after posterior lumbar spine fixation surgery in
Loghman hospital, Tehran, Iran in 2016.

2. Case Presentation

The patient was a 53-year-old female, complaining of
low back pain. She was a candidate for lumbar spine
laminectomy and posterior spinal fixation due to a degen-
erative disease. She had no medical history and showed
normal laboratory and electrocardiographic (ECG) find-
ings. Accordingly, the cardiologist reported a low risk of

cardiac events. The patient’s weight and height were 85 kg
and 162 cm, respectively (BMI, 32.4 kg/m2).

Fentanyl (3 µg/kg/IV) and midazolam (0.03 mg/kg/IV)
were injected as premedication. General anaesthesia
was induced with propofol (2 mg/kg/IV), atracurium
(0.5 mg/kg/IV), and lidocaine (1 mg/kg/IV). Anaesthesia
was maintained with propofol infusion at a rate of 150
µg/kg/min/IV. Venous access was attained and an arterial
line was inserted, while beat-to-beat blood pressure was
being monitored.

Surgery started in the prone position. L4, L5, and S1
laminectomy was performed and pedicle screws were in-
serted in the vertebrae. After L4-L5 discectomy, anterior
fusion with a lumbar cage and posterior fusion with rods
were performed. Surgery continued for about 5 hours with
1200 mL of blood loss, which was compensated for with
crystalloid fluids. The maximum allowable blood loss was
1400 mL for the patient. Blood pressure and heart rate were
stable, and arterial blood gas (ABG) test was performed ev-
ery 1.5 hours. The final ABG analysis was carried out 30
minutes before turning the patient back to the supine po-
sition; the results indicated satisfactory results (pH, 7.42;
PaCO2, 46 mmHg; PaO2, 300 mmHg; BE, 4.1 mmol/L; HCO3,
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29 mmol/L; and SaO2, 99%). The patient had a 400-mL uri-
nary output.

At the end of the operation and reversal of muscle
relaxants with neostigmine (0.06 mg/kg/IV) and atropine
(0.02 mg/kg/IV), the patient was extubated; she opened her
eyes and was responsive to verbal commands. The force of
lower extremities was examined by the surgeon, which was
acceptable. Three minutes later, the level of consciousness
gradually decreased, and end-tidal CO2 dropped from 35 to
12 mmHg on capnography.

Oxygen saturation dropped to 60%, whilst the expira-
tory tidal volume was about 550 mL in each breath with a
respiratory rate of 25 - 30 bpm; the patient’s blood pressure
was 60/35 mmHg, and her heart rate was 45 bpm. She was
intubated immediately and ventilated with a fraction of in-
spired oxygen (FiO2) of 1.0; nonetheless, the end-tidal CO2

remained at 12 mmHg and SpO2 was nearly 60%. ABG analy-
sis showed mixed metabolic and respiratory acidosis (pH,
7.01; PaCO2, 81 mmHg; PaO2, 60 mmHg; BE, 10 mmol/L; and
HCO3, 20.9 mmol/L).

The surgeon suspected screw dislodgement and blood
loss; accordingly, 1 unit of packed red blood cells was trans-
fused, and diagnostic peritoneal lavage was performed in-
stantly, which was negative. However, PE was suspected
due to the large gap between the end-tidal CO2 and arte-
rial PCO2. Moreover, despite satisfactory ventilation and
acceptable tidal volume with FiO2 of 1.0, low PaO2 and low
SpO2 were detected. Then, 100 mEq of sodium bicarbon-
ate was infused to compensate for metabolic acidosis and
increase minute ventilation to compensate for respiratory
acidosis. The results of ABG analysis improved (pH, 7.32;
PaCO2, 45 mmHg; PaO2, 119 mmHg; BE, -2.4 mmol/L; and
HCO3, 23.8 mmol/L), and ECG findings showed the S1Q3T3
pattern (Figure 1).

The patient’s hemodynamic indices did not change;
therefore, 10 µg of intravenous epinephrine was used,
which had a transient effect. On the other hand, brady-
cardia with a heart rate as low as 35 bpm occurred. It
was treated with the injection of epinephrine (100µg) and
1 minute of chest compression, followed by intravenous
epinephrine infusion (10 µg/min), which gradually de-
creased to 3 µg/min as hemodynamic indices became sta-
ble. Blood pressure, heart rate, and end-tidal CO2 increased
to 135/75 mmHg, 120 bpm, and 25 mmHg, respectively.

The ABG findings were as follows: pH, 7.23; PaCO2,
62 mmHg; PaO2, 88 mmHg; BE, -1.5 mmol/L, HCO3, 26.2
mmol/L; and SaO2, 94.5%. The patient’s level of conscious-
ness increased gradually. She opened her eyes and became
agitated; accordingly, 50 µg of intravenous fentanyl was
injected. After achieving adequate sedation with stable
blood pressure and heart rate, spiral CT scan-angiography
was performed, which showed stable and fixed screws

without any dislodgement, bilateral pulmonary artery em-
bolism (Figures 2A and 2B), right ventricular enlargement,
and leftward shift of the interventricular septum (Figure
2C).

The patient was transferred to the intensive care unit
(ICU). Before starting a pharmacological therapy, protein
C and protein S were measured in the plasma, which
were found to be normal; then, anticoagulant therapy was
started. Doppler ultrasound was requested, which con-
firmed our diagnosis by showing thrombi in deep veins
below the knees of both legs. On the next day in the ICU,
left-sided mydriasis and right hemiplegia were found on
physical examination. On brain CT scan, ischemic lesions
were evident in the left cerebral hemisphere with a mid-
line shift. Despite medical therapy and close monitoring,
brain death was confirmed on the fourth day, and the pa-
tient was referred for organ harvesting and donation.

3. Discussion

PE is well recognized in surgeries involving the bones
(7, 8). PE after spinal surgery could occur due to bone mar-
row debris (1), thrombosis, septic embolism (9), and ce-
ment embolism (10), which are not common but fatal (5).
It could be secondary to deep vein thrombosis (DVT) (6),
which is related to vessel wall injury, blood pooling, and
coagulation disorders (11).

Many reviews have attempted to find the risk factors
for venous thromboembolism and PE in spinal surgeries.
Charen et al. showed that general anaesthesia could be a
risk factor for PE in orthopaedic procedures on large joints;
however, general anaesthesia is mandatory in spinal surg-
eries (7). Moreover, Yoshika et al. proposed spinal tumours,
neurological deficit, and advanced age as risk factors for ve-
nous thromboembolism in spinal surgeries (12).

Masuda et al. introduced older age, long duration of
anaesthesia, and spinal trauma as risk factors for PE in
spinal surgery, whilst Shoenfeld et al. proposed BMI above
40 kg/m2, age above 80 years, surgery duration more than
261 minutes, and male gender as the predictors of PE. They
suggested that some modifications in prophylaxis proto-
cols and surgical manipulations might be required (13).
Moreover, Hohl et al. found that extensive surgery, specifi-
cally fusion of 5 segments or more, can expose the patient
to a greater risk of PE (14).

Clinical presentations are not reliable for diagnosis of
PE; therefore, diagnostic tools are required to approve clin-
ical suspicions. Ventilation-perfusion scan has been used
as a reliable tool, although it has shown certain limita-
tions. Today, spiral CT scan is the gold standard for diag-
nosis (11). The most common cause of PE in spinal surgery

2 Trauma Mon. 2018; 23(3):e62147.

http://traumamon.com


Mottaghi K et al.

Figure 1. The ECG Findings (Preoperative, Upper Trace; Postoperative, Middle and Lower Traces)

is cement embolism during kyphoplasty (9, 10). Taka-
hashi suggested that insertion of spinal implants, partic-
ularly pedicle screws, could cause intraoperative PE with
a mechanism similar to that of rod fixation into the in-
tramedullary canal of a long bone (15).

Venous stasis in lower extremities is another cause of
embolism, as well as a major risk factor for embolism
in obese patients. Schizas et al. showed that lower-
limb DVT was the main cause of thrombi, causing PE in
spinal surgeries, whereas prophylaxis with low-molecular-
weight heparin did not reduce the risk of PE in these pa-
tients (6). On the other hand, Yoshioka et al. reported that
60% of PE cases occurred with no DVT. This finding is in

line with a study by Buchl et al. which showed that screen-
ing via preoperative ultrasound of lower-limb deep veins,
is not effective in preventing PE during spinal surgery (12).

Considering the relatively low prevalence of PE in
spinal surgery and the additional risk of hematoma for-
mation, routine use of pharmacological prophylaxis for PE
is not supported and its efficacy and safety are controver-
sial (16). It seems that vigilance and preparedness are es-
sential to reliable and accessible prophylaxis. In our case,
clinical presentations, especially the wide gap between ar-
terial PCO2 and end-tidal CO2, besides hypoxia refractory to
supplemental oxygen (which reflected a significant dead
space added to the respiratory system) provided invalu-
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Figure 2. A, The Filling Defect in the Left Main Pulmonary Artery, Indicating a Massive embolism; B, the Filling Defect in the Right Main Pulmonary Artery, Indicating a Massive
Embolism; C, Right Ventricular (RV) Enlargement and Leftward Shift of the Interventricular Septum.

able evidence of the great risk of PE.
ECG findings are of great importance in the diagnosis

of PE; as in the present case, a newly emerged pattern of
S1Q3T3 was detected. Diagnosis was confirmed with spiral
CT scan-angiography, which showed bilateral obstruction
of pulmonary arteries and leftward displacement of the in-
terventricular septum, reflecting great pulmonary artery
pressure.

3.1. Conclusions

The large gap between end-tidal CO2 and arterial CO2

is useful in the diagnosis of massive PE. This could be de-
termined via capnography not only during intubation, but
also after extubation with a facemask and spontaneous
ventilation, similar to our case. ECG findings could help di-
agnose PE and rule out differential diagnoses, such as acute
coronary syndrome. Intermittent pneumatic compression
therapy should be considered for obese patients and long
operations. Moreover, transesophageal echocardiography
during surgery may help anaesthesiologists diagnose or
rule out PE.

Footnotes
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