
ORIGINAL PAPER

Treatment strategies for the surgical complications of thoracic
spinal stenosis: a retrospective analysis of two hundred
and eighty three cases

Baorong He & Liang Yan & Zhengwei Xu & Hua Guo &

Tuanjiang Liu & Dingjun Hao

Received: 6 August 2013 /Accepted: 29 August 2013 /Published online: 22 September 2013
# Springer-Verlag Berlin Heidelberg 2013

Abstract
Purpose Our aim was to investigate the causes of and treat-
ment strategies for surgical complications of thoracic spinal
stenosis.
Methods Between May 1990 and May 2010, 283 patients
with thoracic spinal stenosis were treated in our department.
Three physicians were assigned to patient follow-up. Patient
medical records and radiographs were reviewed. Compli-
cations were categorised as perioperative, mid- to long-
term and donor-site.
Results Follow-up was completed for 254 patients; 249 pa-
tients survived. Follow-up time ranged from one to 19 years,
with a mean of six years and two months. There were 107
cases with complications an incidence rate of 42.1 %. Eleven
cases were pulmonary infection, seven transient nerve-root
injury, three pulmonary injury and one vertebral canal
haematoma, all of which resolved. Thirteen cases of spinal
cord injury postoperatively were treated using dehydration
and corticosteroid therapy; eight recovered to the preoperation
level, and five deteriorated. Eleven cases resulted in dural
injury, and four led to cerebrospinal fluid leakage. There were
five cases of wound-fat liquefaction and one of wound infec-
tion. Seven cases with deep venous thrombosis of the lower
limb resolved by elevating the affected limb and administra-
tion of low-molecular-weight dextran. Seven cases of delayed
wound healing recovered following change of dressings and
antibiotic administration. Four cases of delayed bone-graft
fusion recovered by extending the external fixation time.
One case of bone-graft absorption was treated by iliac bone
grafting and bracing. Two cases of internal fixation breakage
were treated by removing the internal fixation.

Conclusions Thoracic spinal stenosis surgery may result in
various complications but has a good prognosis with proper
treatment. The key points in reducing complications are the
surgeon’s familiarity with operative imperatives and the ap-
propriate surgical approach.
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Introduction

Thoracic spinal stenosis is not uncommon and is more often
diagnosed with advances in imaging techniques. However,
thoracic spinal disorders are difficult to treat, and postopera-
tive complications are common [1–3]. We treated 283 patients
with thoracic spinal stenosis in our department from May
1990 to May 2010, of these 254 were followed up; 107
patients developed complications. This study evaluated treat-
ment methods and outcomes, including possible causes of
complications.

Materials and methods

Patients

This study assessed 283 patients (175 men, 108 women) with
a mean age of 51.8 (range 27–79) years. Lesion causes and
distribution are shown in Table 1 and Fig. 1. Until 1995, we
resected the lamina using an olecranon rongeur and a Kerrison
rongeur via the standard posterior approach (original method).
From 1996, we resected the lamina using a high-speed drill
(uncovering method), with the approach based on lesion lo-
cation and pathological type (Fig. 2).
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Symptoms

All patients reported an insidious onset of similar symptoms
lasting six months to eight years. Forty-one patients had an
obvious cause, such as a traumatic fracture, bending load or
preceding viral illness. Initial symptoms included low back
pain radiating to the lower limbs in 96 patients, progressive
numbness and weakness of the lower limbs in 47, intermittent
claudication and numbness of the lower limbs in 39, thoracic
and abdominal areas of numbness in 42, gait instability in 35
and dysfunction of urination and defecation in 24. Upper
motor neuron injury was observed in 226 patients and lower
motor neuron injury in 57.

Surgical techniques

Original method

Surgery was performed using the original method in 86 pa-
tients, including 38 with ossification of the ligamentum
flavum (OLF), 26 with ossification of the posterior longitudi-
nal ligament (OPLL), 19 with intervertebral disc herniation,
two with diffuse idiopathic skeletal hyperostosis syndrome
(DISH) and one with a posterior marginal intraosseous carti-
laginous node. All patients were treated via the posterior
approach using the olecranon rongeur and Kerrison rongeur
to remove the lamina and OLF and the Kerrison rongeur to

remove the medial portion of hyperplastic facet joints.
Intervertebral disc excision was performed in 19 patients, and
the medial half of the hyperplastic facet joint was resected in
27 patients. All patients underwent posterolateral fusion with
iliac bone grafting followed by bed rest for three months.

Improved method

Surgery was performed using the improved method in 197
patients, including 85 with OLF, 47 with OPLL, 35 with disc
herniation, 17 with DISH and 13 with posterior marginal
intraosseous cartilaginous nodes. Thirty-five patients with
disc herniation and 51 with single-segment OLF were treated
via the transthoracic or extraperitoneal approach, with resec-
tion of the disc or osteophyte and interbody fusion with iliac
bone grafting. The remaining patients were treated via the
posterior approach, with resection of the lamina using a
high-speed drill (uncovering method). These 135 patients with
disc herniation or lesions in the cervicothoracic or
thoracolumbar junction underwent internal fixation and fusion
with iliac bone grafting.

Complications

Complications were categorised as perioperative, mid- to
long-term or donor-site related. Perioperative complications

Fig. 1 Lesions primarily located at the disc level and caused by ossifi-
cation of posterior longitudinal ligament and ligamentum flavum

Table 1 The causes and lesion
distributions of study patients
[n (%)]

Causes Lesion distributions

Upper thoracic Middle thoracic Lower thoracic

Ossification of the ligamentum flavum 123 17 (13.8) 25 (20.3) 81 (65.9)

Ossification of the posterior longitudinal ligament 73 29 (39.7) 20 (27.3) 24 (33.0)

Intervertebral disc herniation 54 4 (7.4) 50 (92.6)

Diffuse idiopathic skeletal hyperostosis 19 3 (15.7) 7 (36.8) 9 (47.5)

Posterior marginal intraosseous cartilaginous node 14 4 (28.5) 10 (71.5)

Fig. 2 Posterior laminectomy performed using a high-speed drill
(uncovering method)
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included spinal cord injury, nerve-root injury, dural injury,
cerebrospinal fluid (CSF) leakage, fat liquefaction, pulmonary
injury, haematoma, infection (pulmonary or wound) and intes-
tinal obstruction. Mid- to long-term complications included
delayed wound healing, low back pain, deep venous thrombo-
sis (DVT), delayed bone-graft fusion and disruption of internal
fixation. Donor-site complications included haematoma, pain
and infection.

Results

Three physicians performed postoperative assessments. Of the
254 patients who were followed up, 249 survived, three died
of cerebrovascular accidents, one died of heart disease and one
died of accidental trauma. The mean follow-up period was
six years and two months (range one to 19 years). The com-
plication rate was 42.1 % (107 patients), including 88 patients
(34.6 %) with surgical-site and 19 (10.5 %, 19/181) with
donor-site complications: 58 men, 49 women; mean age
52.4 (range 38–76) years. Thirty-eight patients had OLF, 26
had OPLL, 28 had disc herniation, seven had DISH and eight
had posterior marginal intraosseous cartilaginous nodes.

Original method

Of the 86 patients who underwent surgery by the original
method, 69 were followed up and 49 had complications
(complication rate 71.0 %), including 45 patients (65.2 %)
with surgical-site complications and four (8.7 %, 4/46) with
donor-site complications (Table 2 and 3).

Improved method

Of the 197 patients who underwent surgery by the improved
method, 185 were followed up. Fifty-eight patients developed
complications (31.2 %), including 43 (23.2 %) with surgical-
site and 15 (11.1 %, 15/135) with donor-site complications
(Tables 2 and 3).

Discussion

Thoracic spinal stenosis is common, but few studies have
reported on the complications associated with surgical
treatment.

Perioperative complications and treatment

Intraoperative spinal cord injury is relatively frequent during
thoracic spinal surgery because of the local anatomical char-
acteristics. Takahata et al. [4] reported 33 % incidence of
postoperative neurological deterioration among 30 patients.

Li et al. [5] reported a retrospective clinical study of 31
thoracic myelopathy cases; postoperative paralysis occurred
in five (16.1 %). Yamazaki et al. [6] reported six patients with
spinal cord injury among 51 patients treated with posterior
decompression for thoracic OPLL. In our series, the injury
rate was 5.1 % (13/254). The most common causes of spinal
cord injury during surgery are direct injury, limited range of
decompression and reperfusion injury. In our series, spinal
cord injury occurred in four patients with disc herniation who
underwent surgery via the posterior approach (21.1 %). After
dehydration and corticosteroid therapy, neurological function
returned to the preoperative level in one of these patients.
Spinal cord injury from the olecranon rongeur or Kerrison
rongeur during laminectomy occurred in two patients with
OLF. Deterioration of a spinal cord injury occurred five hours
after surgery in two patients with OPLL and OLF. This was
considered to be caused by supine postoperative positioning
with a cervicothoracic kyphotic angle more than 45°, resulting

Table 2 Surgical-site complications in operation groups (n , %)

Complications Original
method (69)

Improved
method (185)

Perioperative

Spinal cord injury 9 (13.0) 4 (2.2)

Dural injury 6 (8.7) 5 (2.7)

Transient nerve-root injury 4(5.8) 3 (1.6)

Pulmonary infection 4(5.8) 7 (3.7)

Cerebrospinal fluid leakage 3(4.3) 2 (1.1)

Wound-fat liquefaction 2(2.9) 3 (1.6)

Pulmonary injury 3(1.6)

Wound infection 1(1.4) 1(0.5)

Vertebral canal haematoma 1(1.4)

Intestinal obstruction 1(0.5)

Mid- to long-term

Delayed wound healing 3(4.3) 4(2.2)

Deep venous thrombosis 2(2.9) 5(2.7)

Aggravated neurological symptoms 5(8.7)

Delayed bone-graft fusion 2(2.9) 2(1.1)

Low back pain 2(2.9) 1(0.5)

Internal fixation breakage 2(1.1)

Bone graft absorption 1 (1.4)

Total 45 (65.2) 43(23.2)

Table 3 Donor-site complications in different operation groups [n (%)]

Complications Original method (46) Improved method (135)

Haematoma 1 (2.1) 3 (2.2)

Pain 2 (4.3) 8 (5.9)

Numbness 1 (2.1) 4 (3.0)
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in spinal cord compression. After three hours of lateral posi-
tioning, dehydration, and corticosteroid therapy, the aggrava-
tion resolved. One patient with OPLL (T6–T9) and OLF (T7–
T9) who underwent laminectomy and decompression (T7–T9)
developed worsening of paralysis three days after surgery.
Postoperative magnetic resonance imaging (MRI) showed that
the spinal cord was angled backwards at the upper end of the
decompression. The patient was treated by emergency decom-
pression to the level of C5, dehydration, and corticosteroid
therapy and the paresis resolved after seven days. One patient
developed deteriorating neurological symptoms eight hours
after surgery. Postoperative MRI showed a haematoma in the
vertebral canal. The patient was treated by surgical evacuation
of the haematoma and dehydration and corticosteroid therapy
and recovered to the preoperative level after ten days.

Decompression is the only effective treatment for thoracic
spinal stenosis [3]. Posterior discectomy is a relatively easy
operation, but traction on the spinal cord is inevitable, which
increases the risk of spinal cord injury [7–9]. Mulier et al. [10]
reported postoperative aggravation of spinal cord dysfunction
in 28 % of 129 patients who underwent this procedure. We
stopped using this technique because of the high risk of
intraoperative complications and poor results and now use
the encroachment method to perform laminectomy in patients
with OLF [11]. Use of the Kerrison rongeur often results in
spinal cord injury due to irritation of the spinal cord and its
blood supply [12, 13]. Intraoperative spinal cord injury oc-
curred in two patients in our series who underwent surgery by
the original method for these reasons. The uncovering method
was developed to minimise the risk of spinal cord injury. Use
of a high-speed drill can decrease the risk of spinal cord injury.
Two patients in our series developed spinal cord ischemia–
reperfusion injury, both of which were successfully treated by
dehydration. Since we started routine intraoperative and post-
operative administration of dexamethasone and mannitol, we
have not experienced any further cases of this particular
complication. Two patients developed aggravation of a spinal
cord injury due to postoperative local compression. In patients
with a large kyphotic angle or who had undergone upper
thoracic spinal surgery, we subsequently placed them in the
lateral position postoperatively. Many previous reports have
discussed the optimal range of decompression, and we rec-
ommend that the range should include more than one vertebral
level and both sides of the medial facet. To avoid injury to the
blood supply to the spinal cord, the microcirculation around
the intervertebral foramen should be protected when ligating
the vertebral segmental vessels. The Adamkiewicz artery
should be carefully protected. This artery lies on the left side
at T7–L4 in about 80 % of cases and usually supplies the
nutrient arteries to the spinal cord at T9–L1 [14–16]. Injury to
the Adamkiewicz artery may be disastrous. Intraoperative
evoked-potential monitoring can reduce the risk of spinal cord
injury.

Nerve-root injury is comparatively rare during surgical
treatment of thoracic spinal stenosis, and single nerve-root
injury does not have serious consequences [17, 18]. Nerve-
root injury occurred in seven patients in our series: two were
due to traction during posterior discectomy, three to irritation
caused by the Kerrison rongeur, one to incorrect use of the
drill and one to incorrect use of the bone knife during partial
resection of the facet joint. These patients all recovered from
the intraoperative injury within six months. When resecting
the facet joint with a rongeur, surgeons should be aware of
nerve-root distribution and use a small dissector when neces-
sary to protect the roots. Nerve-root injury may also occur
during placement of vertebral pedicle screws. Preoperative
imaging is necessary to determine optimal screw entry point
and direction. It is easy to injure the dura during surgery
because of adhesions between osteophytes and the dura, es-
pecially in patients with OLF and OPLL. Li et al. [5] reported
four patients with CSF leakage in 31 thoracic myelopathy
cases who underwent decompression surgery. Yamazaki
et al. [6] reported eight patients with CSF leakage among 51
patients treated with posterior decompression for thoracic
OPLL. Takahata et al. [4] reported 12 patients (40 %) with
dural tear during thoracic myelopathy surgery. In our series,
dural injury occurred in 11 patients and CSF leakage in five. In
five patients with a longitudinal dural injury, the dura was
closed using a 1–0 silk suture, and one of these patients
developed CSF leakage. In four patients with an irregular
dural injury, the dura was repaired with thoracolumbar fascia,
and two of these patients developed CSF leakage. Two pa-
tients with a small, unrepaired dural injury developed CSF
leakage. In one patient, the dura developed mesh-like holes
after surgery because of the long-term severe compression,
even though the dura was not damaged during surgery. Fac-
tors causing a slight increase in intracranial pressure such as
coughing and defecation could cause CSF leakage. In our
experience, use of the uncovering method greatly reduced
the incidence of dural injury. Use of the drill swing can cause
direct injury to the dura, and both elbows should be supported
by a stable fulcrum when using the drill. All dural injuries
should be repaired. Many different methods of dural repair
using various materials have been reported. After repair,
anaesthetists should ask the patient to perform a few Valsalva
manoeuvres to confirm absence of CSF leakage. Use of fibrin
glue is not recommended because it can prolong adhesion
time of surrounding tissues. In patients at risk of CSF leakage,
it is important to ensure tight suturing of the muscle and fascia
layers.

Postoperative haematoma can occur within or outside the
vertebral canal, usually on the day of surgery, and often results
from incomplete intraoperative haemostasis, blocked drainage
tubes or coagulopathy. Haematoma in the vertebral canal can
injure the spinal cord with catastrophic consequences if it is
not treated urgently. In this series, one patient developed a
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haematoma in the vertebral canal. This patient was
treated by emergency surgery to drain the haematoma
and ensure haemostasis and to place a drainage catheter.
Subcutaneous haematoma causes fever and local pain
and swelling. No patient in this series developed sub-
cutaneous haematoma, but surgeons should be aware of
this potential complication.

Mid- to long-term complications and treatment

Delayed bone-graft fusion occurred in four patients who
were subsequently treated by prolonged external fixa-
tion, and bone-graft absorption occurred in one patient
who was subsequently treated by further surgery. These
complications may occur because of insufficient prepa-
ration of the bone-graft bed, unstable internal fixation,
or lack of strong external fixation [19–21]. Breakage of
the internal fixation occurred in two patient three years
after thoracolumbar fixation. This may have been be-
cause of movement of the thoracolumbar spine, poor
fusion or incorrect elastic modulus of the internal fixa-
tion. Osteoporosis and heavy workload may also cause
screw loosening. These two patients were asymptomatic
after removal of the internal fixation.

The overall reported rate of DVT after spinal surgery is
14 %, but the rate may be as high as 70 % in paraplegic
patients [22]. DVT usually occurs between five days and
one year after surgery. In our series, DVT occurred in seven
patients with oedema of both lower limbs over six months
after surgery. These patients were treated by bed rest, warm
compresses, elevation of the affected limb and low-molecular-
weight dextran, resulting in resolution within 20 days. The
reasons for DVT development in these patients may have been
older age, paralysis of both lower limbs before surgery,
prolonged bed rest after surgery and lack of exercise. The risk
of DVT can be reduced by limb exercises, use of graded
elastic stockings and administration of low-molecular-weight
dextran. Active exercise was encouraged in postoperative
patients, and passive movement and muscle massage were
provided for paralysed patients.

Donor-site complications and treatment

The most common donor-site complications are haematoma,
pain, numbness and infection. Four patients with haematoma
were treated by evacuation of the haematoma and pressure
dressings. Ten patients experienced donor-site pain, which
resolved in seven patients at six months to two years after
surgery. The other three patients have ongoing mild pain.
Five patients experienced donor-site numbness, which re-
solved after physical therapy in four patients but continued
after physical therapy in one. There were no cases of donor-
site infection.

Conclusion

In conclusion, thoracic spinal stenosis surgery may result in
various complications but has a good prognosis through prop-
er treatment. The key points to reduce the complications are
total familiarity with operative skills required and the correct
surgical approach.
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